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Preface
This issue of The Toxicologist is devoted to the abstracts of the presentations for
the Continuing Education courses and scientific sessions of the 51st Annual Meeting
of the Society of Toxicology, held at the Moscone Convention Center,
March 11–15, 2012.
An alphabetical Author Index, cross referencing the corresponding abstract
number(s), begins on page 591.
The issue also contains a Key Word Index (by subject or chemical) of all the
presentations, beginning on page 617.
The abstracts are reproduced as accepted by the Scientific Program Committee of
the Society of Toxicology and appear in numerical sequence.
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With MyItinerary, you have the option of using our traditional meeting
materials or browsing and searching the meeting program and creating a
personalized itinerary with a mobile version of the SOT Annual Meeting
Itinerary Planner. Available for a limited time after the SOT 2012 Annual
Meeting.
Download a QR code reader and scan with your smartphone or mobile
device to access the mobile app.
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All text and graphics are © 2012 by the Society of Toxicology unless noted. Some San Francisco, photos are courtesy
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Francisco photo by Phillip H. Coblentz.

This abstract book has been produced electronically by ScholarOne, Inc. Every effort has been made to faithfully
reproduce the abstracts as submitted. The author(s) of each abstract appearing in this publication is/are solely responsible
for the content thereof; the publication of an article shall not constitute or be deemed to constitute any representation
by the Society of Toxicology or its boards that the data presented therein are correct or are sufficient to support the
conclusions reached or that the experiment design or methodology is adequate. Because of the rapid advances in the
medical sciences, we recommend that independent verification of diagnoses and drug dosage be made.
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ALTERNATIVE IN VITRO TOXICOLOGY TESTING FOR
THE 21ST CENTURY.

T. A. Hartung2 and S. H. Safe1. 1Texas A&M University, College Station, TX and
2Center for Alternatives to Animal Testing (CAAT), Baltimore, MD.
Over the last two decades, alternatives to animal testing were strongly driven by animal welfare considerations. A culture of organotypic cell models, quality assurance
and validation developed, which resulted in a number of novel approaches for regulatory testing. Progress to replace especially the systemic and chronic types of tests
has been limited. Novel programs to assess large number of substances such as existing chemicals (REACH and the emerging TSCA reauthorization), nanoparticles
or mixtures, as well as new products such as biologicals and cell therapies now add
to the need to move to another approach for toxicity testing. Additionally, interest
in health effects like endocrine disruption, developmental neurotoxicity, immunotoxicity, obesity, atherosclerosis or childhood asthma require extensive and new
types of testing. This is often referred to as Toxicity Testing for the 21st Century
(Tox-21c), after the respective NAS vision document from 2007, which has been
made EPA’s toxicity testing strategy in 2009. The central change is moving from
apical “black box” animal models to mechanism or pathway of toxicity (PoT). The
biotechnology and bioinformatics revolution of recent years has made it possible to
develop systems biology, here systems toxicology, approaches. The experiences from
the field of alternative methods now prove to be the most important to implement
a new regulatory approach. Standardization and validation of cell cultures is crucial
for PoT identification as well as the implementation of high-throughput type of
tests based on PoT. The first projects to systematically map the entirety of human
PoT, the Human Toxome, have started. The validation of these novel tests represents an enormous challenge. It is proposed to follow the role model of evidencebased medicine. For this purpose, the evidence-based toxicology collaboration was
started at SOT 2011 and is currently shaping its procedures and governance.
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APPLICATIONS OF BIOMARKERS IN THE
ASSESSMENT OF HEALTH AND DISEASE.

modes of action. Subsequently, applied toxicology concepts for evaluation of the
potential for bio/pharmaceuticals and chemicals to affect pregnancy and embryofetal development will be discussed. Global regulatory strategies and requirements
to minimize health effects on women and unborn children will also be addressed.
Finally, key information will be presented to provide for a better understanding of
the biological and toxicological basis of prenatal developmental toxicity testing and
the impact of various outcomes on drug development, chemical use, environmental
impact, and human health risk.
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W. G. Reifenrath1 and C. A. Ryan2. 1Stratacor, Inc., Richmond, CA and 2Central
Product Safety, Procter & Gamble Company, Cincinnati, OH.
Skin is the largest external organ and serves as a living, dynamic protective envelope
surrounding the body. As such, it is constantly exposed to environmental hazards,
including hazardous compounds; these exposures account for a major portion of all
reported industrial illnesses. Skin exposures may also occur from pharmaceuticals
or consumer products that are intentionally applied. In vitro methods are important
as a first step to estimate skin permeation, and the potential of skin irritation and
sensitization for compounds or mixtures of compounds that are directly toxic to the
skin or systemically toxic. In exploration of these issues we will provide an overview
of the current status of in vitro models for cutaneous toxicity safety evaluations and
the regulatory requirements for establishing the nonclinical safety of dermal drug
products. This important topic has relevance to toxicologists involved in safety evaluations and risk assessments for chemicals that contact the skin.
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V. S. Vaidya1 and D. L. Mendrick2. 1Medicine-Renal, Harvard Medical School,
Boston, MA and 2US FDA, Jefferson, AR.
Biomarkers serve as quantitative measures of chemical exposures and biologically
effective doses, provide early warning signals of biologic effect, predict outcome in
a patient with disease, and identify who will respond to an intervention and
whether the intervention is working. The current era of scientific discovery has
brought seemingly limitless opportunities for improvements in medical care.
Translational biomarkers that can be measured in blood or urine in both experimental animals and man are of particular interest. Given the importance to the
clinical, pharmaceutical, and regulatory communities motivated by more specific
and timely diagnoses, early intervention and safer therapies, clinically useful biomarkers have evolved over time, reflecting the scientific and technologic progress
made over the centuries. An increasing number of clinically relevant tests and procedures are available to estimate organ injury and guide treatment. The use of molecular signals in the assessment of health and disease is not new; however, the concept of what constitutes a useful biomarker has evolved considerably in the past two
to three decades given the advanced enabling technologies, deeper molecular understanding of disease, and the advent of a regulatory framework for biomarker
qualification. Our panel experts will highlight the potential of these molecular signals over a wide variety of applications spanning preclinical-clinical safety and disease monitoring in therapeutic and environmental exposures pertaining to cancer,
lung, heart, and kidney disease. Coordinated efforts at biomarker discovery and validation as well as technologies for biomarker measurement will help ensure that the
ultimate goal of safer drugs, a cleaner environment, and improved patient outcomes
is realized.
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BASIC EMBRYOLOGY AND DEVELOPMENTAL
TOXICITY TESTING.

L. A. Dostal2 and C. J. Bowman1. 1Pfizer Drug Safety Research and Development,
Groton, CT and 2Center for Toxicology and Mechanistic Biology, Exponent, Inc.,
Brighton, MI.
Embryonic and fetal development in mammalian species is a complex process
which is sensitive to the effects of maternal and environmental factors. The timing
of development of the major organ systems varies between humans and other animal species, but the basic biology of development is similar in all species thus allowing extrapolation of animal testing results for xenobiotics to humans. The
course will begin by providing an overview that highlights developmental biology
from fertilization of the gametes to normal maturation of a full term placenta and
fetus including examples of developmental toxicants and teratogens with known

CUTANEOUS TOXICITY: IN VITRO METHODS FOR
TOXICITY AND SAFETY EVALUATION.

FRONTIERS AND APPLICATIONS IN PREDICTIVE
TOXICOLOGY: IN SILICO METHODS FOR RISK
ASSESSMENT, TOXICOLOGY, AND METABOLISM.

C. A. Reilly1 and S. Bhatia2. 1University of Utah, Salt Lake City, UT and 2Research
Institute for Fragrance Materials, Inc., Woodcliff Lake, NJ.
With the integration of open source programs, in silico tools, and bioinformatics,
the role of the computer continues to transform daily activities and work for the
modern scientist. Furthermore, the call for reduced animal testing in toxicity evaluation has led to an expansion of in silico resources, quantitative structure-activity relationship (QSAR) programs, chemoinformatics systems, and predictive metabolism tools. Regulatory authorities, pharmaceutical, chemical, and food industries
are actively using such tools in the safety evaluations of novel drug candidates, food
additives, environmental contaminants and consumer products. We will begin by
providing a basic introduction to various in silico tools, specifically predictive toxicology and metabolism platforms, and how their algorithms compute results and
influence the decision process. A composed set of didactic lectures will be used to
introduce the basic concepts and activities surrounding the use of in silico tools in
ADME/Tox and safety studies. In follow-up participants will be provided with a
brief summary of various platforms with practical tutorials of the computational
toxicology platforms discussed.
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OVERVIEW AND APPLICATION OF THE WHO/IPCS
HARMONIZED GUIDANCE FOR IMMUNOTOXICITY
RISK ASSESSMENT FOR CHEMICALS.

A. A. Rooney1 and H. Van Loveren2. 1NIEHS, Research Triangle Park, NC and
2National Institute of Public Health and the Environment, Bilthoven, Netherlands.
The WHO/IPCS harmonized guidance document is the first compressive guidance
document for risk assessment in toxicology. Immunotoxicity risk assessment of
chemicals is an evaluation of the potential for unintended effects of chemical exposure on the immune system. These effects manifest as four principal types of immunotoxicity which are categorized as immunosuppression and stimulation, autoimmunity, and sensitization. We will provide an overview of the methods used to
detect and characterize immunotoxicity and the potential consequences of unintended immunomodulation. It is well established that xenobiotic-related immunosuppression can lead to reduced resistance to infections and certain neoplastic diseases. Exposure to xenobiotics has been shown to be associated with development
or worsening of autoimmune disease. It has been established that xenobiotics can
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elicit hypersensitivity responses directly as an allergen, or they can enhance the induction or severity of allergic sensitization to pollen or dust mites. The determination of risk associated with immunostimulation may be more difficult, but unexpected stimulation should not be disregarded as it may result in nonspecific
inflammation or the skewing of normally protective immune responses to favor induction or exacerbation of autoimmunity and hypersensitivity. The fundamental
concepts of risk assessment as they apply to the evaluation of immunotoxicity as
well as the application of the guidance will be highlighted. We will begin by reviewing case studies which include data that focuses on different areas of immunotoxicity—suppression, sensitization, and autoimmunity. The studies will demonstrate application of the guidance, particularly the development of weight of
evidence conclusions from the available data. Finally, we will illustrate that risk assessment for a given chemical should consider the full range of immune effects for
that chemical, and data should be evaluated separately for evidence of suppression,
stimulation, autoimmunity, and sensitization.
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STEM CELLS IN TOXICOLOGY.

E. J. Tokar and M. P. Waalkes. NIEHS, Research Triangle Park, NC.
Stem cells are revolutionizing toxicological research and remain an area with
tremendous potential. Recently, research on stem cells has generated tremendous
public and professional interest. However, some areas of toxicological research have
lagged behind in the integration of stem cells as a concept in toxicant-induced disease etiology. We will describe the utility and suitability of the assorted types of
stem cell models (i.e. embryonic, fetal, progenitor, induced pluripotent, immortalized stem cell lines, etc.) for various research purposes, including disease modeling,
drug discovery, and toxicity testing in order to describe the potential applications of
stem cells in toxicological research. This important overview of stem cells will highlight their nomenclature, properties, and their roles in the genesis of various diseases.
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CONCEPTS OF GREEN CHEMISTRY AND ITS ROLE IN
THE IDENTIFICATION AND DESIGN OF SAFER
CHEMICALS AND PRODUCTS.

P. J. Spencer1 and J. Warner2. 1Dow Chemical Company, Midland, MI and 2Warner
Babcock Institute for Green Chemistry, Wilmington, MA.
Hazard identification, dose-response characterization, and exposure potential are
the underpinning of product safety assessments. These basic principles help regulatory agencies, manufacturers, and formulators determine the conditions for safe use
of chemicals, raw materials, and products for a given application to reduce adverse
impacts to human health and the environment. Today, as a part of the growing interest in green chemistry, the pendulum is shifting. The large number of companies
engaging in sustainability initiatives coupled with increased consumer demand for
greener products is driving a new process where impacts of chemical products and
processes are included as design criteria. Reducing intrinsic chemical hazards up
front is a strategy used in developing safer alternatives to existing chemicals. Thus
green chemistry is raising the bar for chemical safety assessments. Our panel of experts will begin with a background of green chemistry, its basic principles, why it is
useful and highlight key certification programs/tools used to identify safer alternatives including their methods and criteria with specific emphasis on the Green
Screen for Safer Chemicals alternatives assessment tool. There are unique opportunities for toxicologists to assist molecular designers in reducing the intrinsic hazards
of their molecules by providing insight into toxicological mechanisms and data that
support the application of green chemistry principles in the design of new chemicals and products. To underscore the importance of this issue, we will illustrate how
principles of green chemistry are applied in a consumer products and a chemical
company. The caveats and challenges will be addressed by using case studies. The
exploration of this topical area will provide an understanding of green chemistry,
awareness of the tools and programs immediately available and how to access and
use them as well as an appreciation for some of the practical challenges associated
with implementing principles of green chemistry into product development and assessments of safer alternatives.
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INNATE IMMUNITY AND ITS RELEVANCE TO
TOXICOLOGY.

W. J. Freebern1 and J. M. Shenton2. 1Immunotoxicology, Bristol-Myers Squibb,
North Brunswick, NJ and 2MedImmune, Inc., Cambridge, United Kingdom.
The innate immune system is the host’s first line of defense against infection. Thus,
knowing the what, why, how, and when of innate immune function assessment in
toxicology evaluations is important. This course will introduce the components of
the innate immune system and its role in host defense, discuss clinical observations
resulting from inhibition or stimulation of innate immune function in non-clinical

2

species, provide case examples where understanding intentional or inadvertent effects on innate immune function has had utility in toxicity testing, and explain the
what and how of innate immune measurements and the gaps in capabilities thereof.
Innate immunity assessments to be discussed include bacterial killing assays and an
array of macrophage, neutrophil, and natural killer cell activity assessments which
will be described within the context of various target organs, animal models, and
toxicology programs. In addition, investigating innate immune function on a molecular level through evaluating cell signaling molecules and regulated expression of
anti-microbial peptides, chemokines, and cytokines will be discussed. In closing,
the application of innate immunity testing in the clinic and translatability of nonclinical findings to the clinic will be examined. This course should be of broad interest to Toxicologists with the desire to learn about the innate immune system and
how innate immune evaluations can be applied to toxicology testing. In addition,
the course will appeal to scientists whom are interested in learning methodologies
of innate immune function testing and applicability thereof.
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MICRORNAS IN BIOLOGY AND TOXICOLOGY.

N. Aluru1 and C. J. Marsit2. 1Biology, Woods Hole Oceanographic Institution, Woods
Hole, MA and 2Department of Pharmacology and Toxicology, Dartmouth Medical
School, Hanover, NH.
MicroRNAs (miRNAs) constitute a critically important class of non-coding, small
RNAs, which post-transcriptionally regulate gene expression. miRNAs, approximately 18-24 nucleotides (nt) in length, regulate gene expression by binding to
3’untranslated regions (UTR), coding sequences or 5’UTR of target messenger
RNAs (mRNAs), and leading to inhibition of translation or mRNA degradation. It
is estimated that miRNAs regulate approximately 30% of the human protein-coding genome. miRNAs control the expression of genes involved in several biological
processes, including apoptosis, proliferation, differentiation, and metastasis. Given
the prominent role miRNAs play in organismal function, it is not surprising that
the aberrant expression of miRNAs can lead to a wide range of human diseases and
disorders, including cancer, neurodegenerative diseases, diabetes and a variety of
cardiovascular and hepatic disorders. In addition to contributing to the underlying
cause of a particular disease, miRNAs can also represent potential therapeutic targets and diagnostic biomarkers. The recently discovered of circulating miRNAs are
promising biomarker candidates since they can be detected from readily attainable
blood samples. Because of the critical role that miRNAs play in biological function
and the diverse range of applications in which miRNA analysis is of value, significant effort has been invested over the past decade to develop new detection methods. We will provide an overview of existing and emerging tools for miRNA analysis, with particular emphasis placed on the current state of the art and important
developments in this emerging field.
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REGULATORY SCIENCES: PRECLINICAL DRUG
DEVELOPMENT FROM SMALL MOLECULES TO
BIOLOGICS.

T. Wang1 and W. McGuinn2. 1Preclinical Safety, Novartis Pharmaceuticals,
Emeryville, CA and 2US FDA, Silver Spring, MD.
Drug development is a highly regulated but science-driven process from early discovery to marketing. Once the drug candidate has been discovered, preclinical
safety evaluations are required to ensure the safety of the drug during clinical trials,
ultimately bridging the gap between drug discovery and marketing. The preclinical
development of four types of drugs, small molecular-weight drugs, biologics,
oligonucleotide-based therapeutic drugs and antibody drug conjugates (ADCs),
will be illustrated to emphasize the cross-functional nature of regulatory sciences. In
exploration of this important topic, we will begin with a focus on small molecularweight drug candidates, which require a sliding scale for the degree of development
from relatively minimal regulatory requirements for oncology drug development to
the much more stringent requirements for the development of drugs for non-lifethreatening conditions and chronic treatment. Next the focus will shift to large
molecule biologics and will provide illustrations of the unique challenges in regulatory safety assessment and clinical development that biologic drug candidates present. Our panel of experts will then focus on oligonucleotide-based therapeutics
since many of the overarching oligonucleotide class-based properties have been well
established, but unique considerations remain for each subclass of oligonucleotide.
This talk will discuss the preclinical development of oligonucleotide-based therapeutic drugs, including antisense, siRNA, immunostimulatory and aptamer applications. At last this course will also cover ADCs, which are comprised of monoclonal antibodies (biologics) conjugated with drugs or cytotoxins (small molecules).
Standard approaches for preclinical safety evaluation of each of the individual com-

ponents of these conjugates may not always be necessary. The regulatory expectations for this class of therapeutics are continuing to be defined. We will illustrate
the safety assessment challenges and development strategies associated with certain
ADCs.
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SPECIALIZED TECHNIQUES FOR DOSE-RESPONSE
ASSESSMENT AND RISK ASSESSMENT OF CHEMICAL
MIXTURES.

J. Simmons1 and M. J. DeVito2. 1Experimental Toxicology Division, US EPA,
Research Triangle Park, NC and 2National Toxicology Program, NIEHS, Research
Triangle Park, NC.
A variety of methods are available for chemical mixtures risk assessment. A key step
is careful consideration of data quantity and quality to guide the type of assessment
done. Whole mixture methods will be summarized that, after considering data
quality and quantity, do not differ from single chemical methods. The principal uncertainty for “sufficient similarity” is ascertaining that two mixtures are sufficiently
similar so that one may be used as a surrogate of another. Two approaches for a
group of similar mixtures will be reviewed, comparative potency and geographic
site-specific assessment. The course will focus on component-based methods (toxic
equivalency factors, relative potency factors, binary weight of evidence, hazard
index, target-organ toxicity hazard index, interaction-based hazard index) as they
are the most frequently performed mixtures assessments. They use single-chemical
toxicity and exposure data, with possibly some toxicity information on defined
mixtures of the chemicals of interest. For each method (whole mixture and component-based), the presenter will describe data requirements, assumptions and limitations and illustrate the application by example. Upon conclusion, students will be
able to navigate the risk assessment flow chart, have an understanding of the assumptions, limitations and uncertainties underlying the presented approaches, and
be able to either apply the presented methods to their own data or consult more
knowledgeably with risk assessors. The methods and approaches are applicable to
the diverse universe of mixtures, including those found in air, water, soil and food
and apply to environmental, industrial, pharmaceutical, intentional and accidental
mixtures. The course will be useful to toxicologists in understanding how their data
are used to assess risk will enable the design and conduct of more meaningful and
useful multi-pollutant experiments.
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THE USE OF PHYSIOLOGICALLY-BASED
PHARMACOKINETIC MODELING TO INFORM EARLY
LIFE SENSITIVITY TO CHEMICAL TOXICITY.

M. Yoon and H. J. Clewell. The Hamner Institutes for Health Sciences, Research
Triangle Park, NC.
A major challenge in assessing potential susceptibility to environmental chemicals
during in utero and postnatal development is uncertainty regarding the actual exposure in the target subpopulation. We will demonstrate the value of PBPK modeling
in quantitative health risk assessments for infants and children by providing a scientifically sound tool to predict the target tissue dose in the young. A thorough understanding of dynamic changes in physiological and biochemical factors is essential to predict the target tissue exposure during development. Factors that influence
the kinetic behavior of chemicals in early life include ontogeny in metabolizing enzymes, changes in transporter expression, maturation of biological barriers such as
the blood brain barrier, differential growth of tissues, and distinct exposure patterns
compared to adults. PBPK modeling provides a means to integrate these factors in
the proper context and thus reduce uncertainty in conducting risk/safety assessment for early life. The presentations will provide an overview of pharmacokinetic
factors affecting early life sensitivity and two case studies of PBPK approaches for
gestation/lactation and childhood exposures, plus a demonstration of how PBPK
modeling of development can be used to evaluate neonatal epidemiological results.
The course participants will get an in-depth understanding of the value of PBPK
modeling in addressing issues of potential sensitivity in infants and children and the
possible application scenarios of this valuable tool.
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DIETARY SUPPLEMENT ADULTERATION AND
IMPACT ON HUMAN HEALTH.

J. C. Griffiths. Global Services, US Pharmacopeia, Rockville, MD.
The purposeful adulteration of dietary supplements, and ingredients destined for
such products, can cause serious health problems in consumers and presents many
challenges to the industry. These problems and challenges extend to the consumer,
who would not expect such natural products to contain adulterants such as prescription drugs and who may be at risk of adverse effects; industry members who
must be vigilant of their supply chains and product quality; and regulatory authorities, who are required to monitor the market in order to detect signals of potential

product adulteration, and to take action if such products are found in their countries. The main product types which are reportedly susceptible to adulteration are
those indicated for erectile dysfunction, weight loss, and body building. Instances
of adulteration can cause adverse effects in the consumer and will always reflect
badly on, and reduce public confidence in, the specific product lines and dietary
supplements as a whole. Quality standards that specify criteria suitable to verify the
authenticity of dietary supplements and their ingredients are an advantageous and
readily useable tool to provide some measure of purity and authenticity to all industry partners throughout the whole supply chain as well as regulators, and ultimately benefit the consumers through increased protection of the risk such adulteration may present.
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DIETARY SUPPLEMENT ADULTERATION–A
CLINICIAN’S PERSPECTIVE.

L. Nelson. New York City Poison Center, New York, NY. Sponsor: J. Griffiths.
A 12-year-old child develops bleeding from his gums and a diffuse rash. A 30-yearold man presents to the hospital with a new onset seizure that is resistant to therapy.
A 77-year-old man is found in cardiac arrest after taking an herbal medication for
his shortness of breath. What do all of these cases have in common? Each of these
patients was using a dietary supplement that contained a toxic ingredient, though
in each case the intent was markedly different. Herbal or cultural products may be
intentionally adulterated with conventional medications known to be therapeutic
for a given disorder in an effort to assure effectiveness. An example is the inclusion
of an analgesic for a pain syndrome. Indomethacin and phenylbutazone are just two
examples of nonsteroidal anti-inflammatory drugs that have been implicated in
many adverse clinical outcomes. Herbal medications may contain a small quantity
of a known toxic principle added for a purported benefit that has a historical, not
scientific, basis. True to the tenet that “dose makes the poison” these compounds are
themselves directly toxic following more substantial exposures. Due to the relatively
poor quality control standards required of largely unregulated dietary supplements,
dangerous exposures may occur. Examples include the use of mercury in Chinese
herbs or lead in Ayurvedic (Indian) medications. Furthermore, excessive exposure
to a pharmacologically active ingredient from a plant may result in an unanticipated clinical response. An example is excessive exposure to cardioactive steroids
from Digitalis plants or aconitine from Monkshood (Aconitum sp.), both used in
the practice of classical herbal medicine and both associated with cardiac arrhythmias. These examples highlight the potential risks in the use of poorly regulated dietary supplements, and should focus efforts on the amelioration of the conditions
that allow this dangerous situation to persist.

16

DIETARY SUPPLEMENT ADULTERATION: CANADIAN
REGULATOR’S PERSPECTIVE.

S. A. Jordan and S. A. Jack. Marketed Health Products Directorate, Health Canada,
Ottawa, ON, Canada.
In the age of a global economy, and the widespread international movement of
products, poor quality ingredients manufactured in one country can impact on a
multitude of finished products elsewhere in the world. The intentional manufacture of adulterated dietary supplements has become a significant global problem
which not only creates risks to the health of consumers, but also consumer uncertainty and suspicion directed towards dietary supplements. Proper quality control
and ingredient testing by manufacturers plays a crucial role in protecting the public
from adulterated dietary supplements. Another key activity in the protection
against adulterated products is the surveillance of adverse reactions (ARs) reported
to domestically available products. It is also useful to monitor the activities of foreign regulatory agencies, to detect issues of product adulteration in other countries,
which may be relevant if consumers import these products or if they are sold in
Canada. Health Canada carries out routine monitoring of both the domestic and
international situations, and informs the Canadian public as necessary. ARs are reported to Health Canada through the Canada Vigilance program. Issues of product
adulteration have been detected through the monitoring of AR information. In
these situations, suspicion of adulteration may lead to the collection of the product
in question, and analysis by Health Canada. Examples where domestic adverse reactions have led to the detection of product quality issues include adulteration of
sexual enhancement products (sildenafil/analogues), sleeping aid products (estazolam), and anti-inflammatory/arthritis products (dexamethasone). In these situations, Health Canada issues risk communications to inform the public, and to reduce the risk associated with use of these products. Health Canada also actively
monitors risk communications issued by foreign regulatory agencies, related to
adulterated products.
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US REGULATORY PERSPECTIVES ON THE
INTENTIONAL ADULTERATION OF DIETARY
SUPPLEMENTS.

D. Fabricant. Center for Food Safety and Applied Nutrition, US FDA, Washington,
DC. Sponsor: J. Griffiths.
FDA has, since 2008 identified almost 300 tainted products marketed as “dietary
supplements” that contain undeclared or misdeclared drugs or other chemicals. The
hidden ingredients include various combinations of prescription drugs and analogues, controlled substances, drugs withdrawn for safety reasons, IND drugs, foreign drugs not approved in the US and other untested chemicals. FDA has received
numerous reports of serious injury and even deaths associated with these products.
As announced in April, 2011, more than half of all Americans take a dietary supplement. Thus the potential for a large scale public health catastrophe with intentionally adulterated products is significant. The agency is using tools at its disposal
to address the issue and developing new targeted strategies and techniques to prevent further intentional adulteration that places public health at risk.

18

Quality standards or compendial standards provide an independent, science-based
measure of criteria regarding purity and authenticity to industry, the regulators and
by extension, the consumers. An international compendium of quality specifications for dietary supplement ingredients and dosage forms in commerce would support current Good Manufacturing Practices (cGMP) initiatives, and supply a neutral measure of authenticity, purity, strength of these frequently adulterated
products. Compendial standards are comprised of relevant acceptance criteria
defining the authenticity, appropriate analytical methods to verify these criteria,
and in many cases, authenticated physical reference standards to verify the appropriate execution of the test method. A compendium providing all three components to everyone involved in the supply chain of dietary supplements, will enhance
product safety through a predictable and stable supply chain of verifiable authentic
materials to an industry that ultimately aims at producing healthy and safe products
to consumers. One such example, the Dietary Supplements Compendium (DSC)
prepared and published by the United States Pharmacopeia (USP) will be detailed,
demonstrating the information provided and the processes by which additional dietary ingredients and dietary supplement dosage forms are added.

DNA DAMAGE RESPONSES AND REPAIR.

R. S. Paules1 and L. D. Samson2. 1NIEHS, Research Triangle Park, NC and
2Massachusetts Institute of Technology, Cambridge, MA.
Exposure to agents that have the potential to damage DNA occurs every day and is
in fact a normal part of life. As a consequence, extremely efficient processes have developed that protect the genome from deleterious alterations by recognizing DNA
damage in what is referred to as the DNA Damage Response (DDR) and initiating
a series of cellular signal transduction pathway responses that lead to a coordination
of regulation of cell cycle proliferation and repair of DNA lesions, if possible, or to
the initiation of a cell death process, if appropriate repair is not possible. DNA
damage can arise from both endogenous and exogenous sources, and, if not repaired properly, may lead to mutations, development of diseases such as cancer, cellular, or tissue toxicity, or ultimately to the death of the organism. Activation of the
DDR results in the activation of the DNA damage sensor kinases ATM and ATR,
which can then initiate an inhibition of cell cycle progression through the activation of a DNA damage checkpoint, in order to allow time for the repair of DNA lesions and to prevent the transmission of damaged or incompletely replicated genetic material. By repair of the DNA damage and restoration of the integrity of the
DNA duplex, genomic stability can be maintained. DNA repair mechanisms that
function to maintain genomic stability and to avoid toxicity include base excision
repair, nucleotide excision repair, double-strand break repair, as well as translesion
DNA synthesis. We will present important updates on the progress made in elucidating the consequences of genetic and pharmacological modulations of the levels
and functions of certain DNA damage repair and response gene products on both
toxicities of exposures, as well as exciting possible new therapeutic approaches. We
will focus on recent advances in understanding the molecular mechanisms of the
DDR and DNA repair, both to provide molecular insight into toxicity and disease
processes, and also potentially to provide novel targets for therapeutic strategies for
treating individuals with certain diseases such as cancers.

4

COMPLEX RESPONSES OF MICE TO ALKYLATION
AND INFLAMMATION-INDUCED TOXICITY.

L. D. Samson. Biological Engineering Department and Biology Department, Center
for Environmental Health Sciences, MIT, Cambridge, MA.
In the last few years we have been characterizing the effects of modulating the level
of DNA base repair enzymes on the sensitivity of various tissues to the effects of
model alkylating agents, and to inflammation. Human populations are exposed to
such agents from a variety of endogenous and exogenous sources, and we have simulated such exposures in knockout and transgenic mouse models. Surprisingly, we
find that for wild type mice, specific cells in some tissues (for example certain postmitotic neurons in the retina and the brain) are extremely sensitive to alkylation-induced damage, while the same cells are completely resistant in animals that are
knocked out for repair mediated by the Aag DNA repair glycosylase. Moreover, we
find that the same is true for specific cells in other tissues that are undergoing an inflammatory response as a result of ischemia and reperfusion. These counter-intuitive findings are supported by the fact that these cells in Aag-transgenic mice, expressing higher than wild type levels of Aag, become super-sensitive to induced
damage. We will discuss these findings in the context of the large inter-individual
differences in AAG levels in human populations.

QUALITY STANDARDS: SPECIFICATIONS ON PURITY
AND AUTHENTICITY.

J. C. Griffiths. Global Services, US Pharmacopeia, Rockville, MD.

19

20

SOT 2012 ANNUAL MEETING

21

CELL SIGNALING IN RESPONSE TO PARP
INHIBITION AND ALKYLATING AGENT EXPOSURE.

S. Wilson, J. Horton, D. Stefanick, M. Heacock, P. Kedar and M. Carrozza.
Laboratory of Structural Biology, NIEHS/NIH, Research Triangle Park, NC.
Signal transduction pathways responding to PARP inhibition in mammalian cells
will be discussed. In replicating mouse fibroblasts, PARP inhibition while alkylation-induced base excision repair is underway leads to rapid S-phase arrest and,
eventually, to apoptotic cell death. Double-strand breaks (DSBs) are produced during this response, and ATR and ATM are involved in initiating a complex signal
transduction system for modulating gene expression and repair of DSBs. Factors involved in this cellular response will be described and potential chemotherapy applications for the combination of PARP inhibition and genotoxic stress will be reviewed. In particular, factors within the base excision repair pathway that could be
novel targets for therapy will be discussed. This research was supported by the
Intramural Research Program of the NIH, National Institute of Environmental Health
Sciences.
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IDENTIFYING TRANSLATIONAL COMPONENTS OF
THE DNA DAMAGE RESPONSE.

T. Begley1, J. Aguirre-Ghiso2, P. Dedon4, M. Soledad Sosa2, U. Begley1, C.
Chan3, M. Dyavaiah1, Y. Estrada2, A. Patil1, A. Avivar-Valderas2 and K.
Taghizadeh5. 1College of NanoScale Science and Engineering, University at Albany,
SUNY, Albany, NY, 2Division of Hematology and Oncology, Mount Sinai School of
Medicine, New York, NY, 3Department of Chemistry, Massachusetts Institute of
Technology, Cambridge, MA, 4Department of Biological Engineering, Massachusetts
Institute of Technology, Cambridge, MA and 5Center for Environmental Health
Sciences, Massachusetts Institute of Technology, Cambridge, MA.
Transcriptional and post-translational signals are known mechanisms which promote efficient responses to DNA damage. Using high throughput screening and
small molecule analysis approaches we have identified translational components of
the DNA damage response, which operate through the modification of tRNA. Our
data indicates that enzyme catalyzed modification of tRNA can be dynamically regulated after exposure to DNA damaging agents and we have developed and tested
computational models to demonstrate their signaling role. Specifically we have
shown that tRNA methyltransferase 9 (Trm9) from budding yeast and humans enhances the translation of transcripts over-represented with specific arginine and glutamic acid codons. In budding yeast, we have shown that translation of the DNA
damage response transcripts ribonucleotide reductase 1 & 3, which are over-represented with specific arginine and glutamic acid codons, is dependent on Trm9-catalyzed tRNA modifications. In human systems we demonstrate that Trm9 optimizes codon-specific translation and plays important roles in stress signaling,
preventing toxicant-induced cell death and responding to environmental conditions. In addition we demonstrate that Human Trm9 is epigenetically silenced in
colorectal cancer and that reactivation prevents tumor growth by optimizing stress
signaling. Ultimately our studies highlight a translation-associated mechanism that
regulates gene expression during times of cellular stress and DNA damage.

23

DAMAGE-SPECIFIC PATHWAYS FOR THE
REGULATION OF POSTREPLICATION REPAIR.

K. A. Cimprich, J. Lin, M. Zeman and A. Kile. Chemical and Systems Biology,
Stanford University, Stanford, CA. Sponsor: R. Paules.
Postreplication repair (PRR) pathways play important roles in restarting stalled
replication forks and regulating mutagenesis. In yeast, Rad5-mediated damage
avoidance and Rad18-mediated translesion synthesis (TLS) are two forms of PRR.
Rad18 promotes PCNA monoubiquitination and the recruitment of TLS polymerases, while Rad5 forms lysine 63-linked ubiquitin chains on monoubiquitinated PCNA to promote damage avoidance through an unknown process. In mammalian cells, PCNA is also ubiquitinated in a Rad18-dependent manner, and two
Rad5-related proteins, SHPRH and HLTF, have also been identified. However, the
specific functions of these two proteins in response to DNA damage have not been
clearly addressed. We have been investigating the roles of SHPRH and HLTF in
PRR. Surprisingly, we find that SHPRH and HLTF act in non-redundant, damagespecific ways to suppress mutagenesis. SHPRH suppresses mutagenesis induced by
MMS treatment, while HLTF suppresses mutagenesis induced by UV treatment.
These findings suggest that SHPRH and HLTF can discriminate between different
types of DNA damage at a stalled replication fork. Our data also suggest that
SHPRH and HLTF specifically recruit distinct, damage-specific TLS polymerases
to stalled forks. The use of SHPRH versus HLTF appears to be regulated, at least in
part, by a switch between Rad18-HLTF and Rad18-SHPRH complexes that is induced by DNA damage and the damage-specific degradation of HLTF. We therefore propose that different types of DNA damage specify the recruitment of the
most appropriate TLS polymerase(s) by controlling the relative abundance of the
different Rad18-Rad5 complexes at the fork. We will discuss this work and more recent findings about the mechanisms underlying damage-specific regulation of
HLTF and SHPRH. Our work may have important implications for damage-specific mutagenesis and may also provide insight into how mutations in HLTF and
SHPRH may influence cancer progression and treatment.
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REDUNDANCY AND CROSS-TALK IN PATHWAYS AND
FUNCTIONS IN DNA DAMAGE RESPONSES TO THE
HIGHLY TOXIC DNA DOUBLE-STRAND BREAK.

R. S. Paules1, S. S. Palii1, Y. Cui1, J. E. Hesse1, C. L. Innes1 and B. P.
Sleckman2. 1Environmental Stress & Cancer Group, Laboratory of Toxicology &
Pharmacology, NIEHS, NIH, Research Triangle Park, NC and 2Department of
Pathology & Immunology, Washington University School of Medicine, St. Louis, MO.
DNA double strand breaks (DSBs) are the most lethal form of DNA damage and
can be generated by both endogenous and exogenous sources. In the DNA damage
response (DDR), most cells have the capacity to activate a cell cycle checkpoint response to delay proliferation in order to allow time for repair of the DNA lesions or
to activate a programmed cell death process. We and others have demonstrated substantial cross-talk between DDR pathways mediated by members of the PI3 kinase
family, i.e. ATM, ATR, and DNA-PKcs. Using lentiviral expression of shRNAs, we
have generated normal human mammary epithelial cell lines that have either stable
or inducible knockdown of ATM, ATR and CHK1. As expected, depletion of either ATM, ATR or CHK1 by more than 90% results in impaired G2 checkpoint
control and lower viability. Interestingly, CHK1 deficiency also results in enhanced
phosphorylation of multiple DNA damage proteins following IR-treatment, most
notably phosphorylation of CHK2 on Thr68, and this effect is modulated by both
ATM and DNA-PKcs. Furthermore, these cell lines have allowed us to investigate a
negative feedback from CHK1 to the ATM kinase involving protein phosphatases
and potentially regulation by microRNAs. The results of these studies could be exploited to enhance the efficacy of therapeutic regimens for certain cancers. In addition, our genomic studies with mouse pre-B cells that DSBs, generated by physiological processes as well as by genotoxic agents, can active not only DDR pathways
but also lymphocyte developmental pathways, a finding that could help to explain
the immunotoxic effects of certain genotoxic agents.
This research was supported by the Intramural Research Program of the NIH, National
Institute of Environmental Health Sciences.
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THE THICK AND THIN OF NUCLEAR RECEPTORS IN
DIABETES AND OBESITY.

A. L. Slitt. Biomedical and Pharmaceutical Sciences, University of Rhode Island,
Kingston, RI.
Xenobiotic nuclear receptors, such as CAR, PXR, AHR, FXR, and NRF2 are best
known for transcription regulation and induction of Phase I and Phase II biotransformation enzymes, as well as transporters. These receptor pathways are of interest
because they are activated by diverse chemicals—drugs, chemicals of environmental

exposure, as well as endogenous chemicals such as hormones and bile acids. It is
well established that there are chemical-receptor interactions—especially in the
liver, which lead to transcriptional upregulation of gene batteries and result in coordinate regulation of metabolism and transport. However, recent evidence points to
nuclear receptors and the role for these receptors in diseases related to metabolic
syndrome, dyslipidemia, and glucose homeostasis. As the incidence of obesity and
obesity-related diseases, which culminate in metabolic syndrome, increase worldwide, understanding the mechanisms of obesity is of high interest for human
health. As these receptors are targeted by drugs and environmental chemicals, it is
of importance to understand how activators of these xenobiotic receptors affect aspects of adipocyte differentiation, adiposity, and pancreatic function in adults, as
well as sensitive populations, specifically pregnant women and children. Our findings will be presented for various receptor-mediated pathways with regard to various obesity and diabetes models. Presentations will cover nuclear receptor-mediated
gene induction and research findings related to nuclear receptors with regard to
obesity and diabetes. Finally, findings will be presented regarding what is currently
known regarding nuclear receptor function in caloric restriction, the practice most
recommended to combat obesity and obesity-related disorders. The information
presented will be useful to those interested in nuclear reeptors, aspects of metabolic
syndrome, mouse models of obesity and diabetes, aspects of metabolic syndrome
and drug interactions, therapeutic drug targets, and environment-obesogen effects.

26

A NOVEL FUNCTION OF THE XENOBIOTIC
RECEPTOR CAR IN OBESITY AND TYPE 2 DIABETES.

W. Xie. Department of Pharmaceutical Sciences, University of Pittsburgh School of
Pharmacy, Pittsburgh, PA.
The constitutive androstane receptor (CAR) was initially characterized as a xenobiotic receptor. We have recently uncovered an unexpected endobiotic role of CAR in
preventing obesity and alleviating type II diabetes. We showed that treatment of
wild type mice with the CAR agonist TCPOBOP efficiently prevented diet-induced obesity from happening or reversed pre-induced obesity. Treatment with
TCPOBOP improved insulin sensitivity in diabetic mice. In contrast, CAR null
mice maintained on chow diet showed spontaneous insulin insensitivity. The metabolic benefits of CAR activation may have resulted from the combined effect of inhibition of lipogenesis, VLDL secretion and export of triglycerides, gluconeogenesis, and increases in brown adipose tissue energy expenditure and peripheral fat
mobilization. In summary, our results have revealed an important metabolic function of CAR and may establish this “xenobiotic receptor” as a novel therapeutic target for the prevention and treatment of obesity and type II diabetes.
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PARADOXICAL ROLES OF NRF2 ACTIVATION IN
ARSENIC-INDUCED PANCREATIC β-CELL
DYSFUNCTION AND INSULIN RESISTANCE.

J. Pi. The Hamner Institute, Research Triangle Park, NC.
There is growing evidence that chronic exposure of humans to inorganic arsenic
(iAs), a potent environmental oxidative stressor, is associated with the incidence of
Type 2 diabetes (T2D). Nuclear factor E2-related factor 2 (Nrf2) is a CNC-bZIP
transcription factor that is well established as a master regulator in the cellular adaptive response to oxidative stress. Although cytotoxic, reactive oxygen species (ROS)
also function as important intracellular signaling molecules to activate cellular responses to a variety of physiological stimuli, including glucose-stimulated insulin
secretion (GSIS) in pancreatic β-cells and insulin action in insulin responsive cells.
Therefore, we propose that Nrf2-mediated antioxidant response plays paradoxical
roles in β-cell function and insulin signaling trasduction: (1) It protects the cells
from oxidative damage and possible cell death, thus minimizing oxidative damagerelated impairment in insulin secretion and action; (2) Since ROS signaling triggered by glucose could be an important component involved in insulin secretion
and action, the induction of endogenous antioxidants in the presence of oxidative
stress may blunt the signals, resulting in reduced GSIS and insulin resistance. iAs
and its methylated trivalent metabolites are potent oxidative stressors and robustly
activate Nrf2-mediated antioxidant response, but at the levels typically observed in
human exposures, they are not likely to reach cytotoxic concentrations sufficient to
cause overt oxidative damage, especially when endogenous antioxidant enzymes can
be actively induced. Therefore, blockade of ROS signaling in premise 2 is potentially more relevant to the etiology of T2D in the context of low-level environmental iAs exposure, whereas premise 1 might be associated with protecting cells from
acute toxicity induced by high doses of arsenic.

SOT 2012 ANNUAL MEETING

5

28

BILE ACID AND NUCLEAR RECEPTOR SIGNALING IN
DIABETES AND OBESITY.

J. Chiang. Colleges of Medicine and Pharmacy, Northeastern Ohio Universities,
Rootstown, OH. Sponsor: A. Slitt.
Bile acids play an important role in maintaining lipid, glucose and energy homeostasis. Our recent study shows that transgenic mice overexpressing Cyp7a1 are resistant to western high fat diet-induced obesity and diabetes. Bile acid signaling
may activate insulin signaling to maintain glucose and lipid homeostasis. In diabetes, hyperglycemia stimulated CYP7A1 gene expression by epigenetic mechanisms and increased bile acid bile acid pool and serum bile acid concentrations. Bile
acid derivatives may be potential therapeutics for diabetes, fatty liver diseases, and
obesity.
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HEPATOBILIARY TRANSPORTER REGULATION IN
DIABETIC PREGNANCY: INFLUENCE OF NRF2 AND
FXR-SHP SIGNALING.

L. M. Aleksunes. Department of Pharmacology and Toxicology, Rutgers, Ernest Mario
School of Pharmacy, Piscataway, NJ.
Multiple signaling pathways contribute to the regulation of hepatobiliary transporter expression and function. Altered expression of uptake and efflux transporters
influences hepatic drug disposition and susceptibility to chemical-induced toxicity.
In response to hyperglycemia, the Nrf2 transcription factor mediates up-regulation
of ABC efflux transporters in livers of mice. Induction of these transporters is in
part regulated by hepatocyte proliferation. Interestingly, up-regulation of ABC efflux transporters during diabetes is attenuated in mice in response to pregnancy,
likely through disrupted FXR-Shp signaling. In this presentation, the physiological
and transcriptional pathways regulating ABC transporter expression during diabetes and pregnancy, as well as the implications for drug therapy and xenobiotic
toxicity, will be discussed.
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REVERSING OBESITY AND METABOLIC SYNDROME:
DO NUCLEAR RECEPTORS HAVE A ROLE IN WEIGHT
LOSS?

A. L. Slitt. Biomedical and Pharmaceutical Sciences, University of Rhode Island,
Kingston, RI.
Weight loss and “dieting” is an effective therapy to reverse obesity and obesity-related disorders. This talk will provide an overview of published studies that focus on
the role of the above presented nuclear receptors in mediating processes involved in
weight loss. Given the emerging role for the Nrf2-Keap1 pathway regarding diabetes and obesity, targeting the Nrf2-Keap1 pathway may be of therapeutic benefit
to promote weight loss or augment weight loss during caloric restriction (CR).
Studies have been conducted to evaluate the effect of CR on Nrf2 expression and
activation in lean and obese obese mice. Findings will be presented from CR studies carried out using Nrf2-null, Keap1-Knockdown, and transgenic ARE-hPAP reporter mice. Overall the findings will summarize use of these transgenic/knockout
models to address the role of Nrf2-Keap1 in weight loss, gluconeogenesis, glucose
tolerance, and insulin sensitivity. The talk will conclude with discussion about the
potential for targeting nuclear receptors as weight loss therapies.
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TOXICOLOGICAL CONSIDERATIONS OF EPIGENETIC
TARGETS IN PRODUCT DEVELOPMENT.

B. D. Jeffy1 and M. Rhodes2. 1Exploratory Toxicology, Celgene, San Diego, CA and
2Safety Assessment Project Development, GlaxoSmithKline, Research Triangle Park,
NC.
In recent years, epigenetic factors have been implicated in the etiology of various
diseases including cancers, psychiatric disorders, and diabetes/obesity. As epigenetic
mechanisms have become more extensively characterized, new opportunities for
therapeutic intervention in these disease areas have been identified. While pharmaceutical inhibitors of epigenetic targets such as histone deacetylases and DNA
methyltransferases have recently gained regulatory approval, the field of pharmacoepigenetics is still relatively young. As greater understanding of the epigenome is
evolving, previously approved drugs are now serendipitously being found to have
epigenetic modulatory properties and are currently under evaluation for new indications. With the rapid emergence of multiple novel epigenetic targets for pharmacological inhibition, new considerations for the field of toxicoepigenetics are becoming apparent as well. In order to address the potential toxicological
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consequences associated with pharmacological inhibition of potential therapeutic
epigenetic targets, toxicologists are addressing the need for new models and endpoints to be considered in the safety assessment of epigenetic targets. These important toxicological issues, which may be unique to epigenetic targets, will be addressed.

32

EPIGENETICS MEETS TOXICOLOGY: AN INTEGRATED
VIEW OF MECHANISMS CONTROLLING
TRANSCRIPTION THAT ARE SUPERIMPOSED ON
DNA BASE SEQUENCE.

J. Goodman. Pharmacology/Toxicology, Michigan State University, East Lansing, MI.
Epigenetics refers to heritable mechanisms superimposed on DNA base sequence
that regulate gene expression (thus, the term epi- (Greek: over, above) genetics).
Methylation at the 5-position of DNA-cytosine (5mC), the histone code and noncoding RNAs contribute to epigenetic regulation. Additionally, a sixth DNA base,
5-hydroxymethylcytosine (5hmC) was identified recently. It is generated by the
Ten-eleven Transcription Location (Tet) family of proteins through oxidation of
5mC. Thus, Tet modulates DNA methylation levels. Furthermore, Tet exhibits a
dual function in that these proteins can also play a role in regulating transcription.
Additionally, components of the core promoter recognition complex change in a
cell-specific fashion to turn on one transcriptional program while turning off others; this provides a novel epigenetic mechanism. Interest in understanding the extent to which epigenetic changes might underlie toxicity/disease (as a causative or
susceptibility factor), including adverse transgenerational effects, is increasing. This
presentation will provide an overview of epigenetics with emphasis on how the parameters involved interact in a highly coordinated fashion to affect transcription.
Potential effects of nutrition, inflammation and DNA adducts will be explored.
This will provide a basis for discussing issues to contemplate when considering epigenetics and safety assessment, (e.g., parameters to be evaluated, genomic region(s)
to monitor, methodology(ies), biological endpoint(s),) and what test compounds
and model systems might be employed? Attention should be paid to fundamental
principles of toxicology, (e.g., dose-response, criteria for a maximum dose, normal
variability, and change vs. an adverse effect). Might some alterations be beneficial?
Additionally, the background provided will facilitate conversations regarding identification of epigenetic “targets” that might be amenable to pharmacological manipulation.
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EVALUATION OF POTENTIAL SAFETY RISKS OF
PHARMACOLOGICAL INHIBITORS OF EPIGENETIC
TARGETS IN DISCOVERY TOXICOLOGY.

B. D. Jeffy. Exploratory Toxicology, Celgene, San Diego, CA.
Target safety evaluations performed within discovery toxicology groups in the pharmaceutical industry are valuable tools for identifying potential target-related safety
risks and formulating mitigation strategies early in a project. While pharmacological inhibition of any target class has potential for inducing a wide variety of specific
toxicological consequences, novel epigenetic targets present additional unique considerations for the discovery toxicologist. Among these possible concerns are forced
terminal differentiation of stem cells, inadvertent activation of latent/silenced
viruses and retrotransposons, changes in global gene expression patterns, and transgenerational effects. Epigenetic target classes to be discussed include DNA methyltransferases, histone deacetylases/acetyltransferases, and histone methyltransferases/demethylases. In order to identify and characterize potential effects related
to inhibition of epigenetic targets, various appropriate experimental approaches
and toxicological models such as embryonic and somatic stem cells will be highlighted.

34

EPIGENOMICS—IMPACT FOR DRUG SAFETY
SCIENCES.

J. Moggs. Translational Sciences, Novartis, Basel, Switzerland. Sponsor: M. Rhodes.
Recent advances in the mapping and functional characterisation of mammalian
epigenomes provide a unique opportunity to gain novel insight into the molecular
basis of long-lasting drug-induced cellular perturbations. We have evaluated the
utility of integrated genome-wide epigenomic (DNA methylation & histone modifications) & transcriptomic (mRNA & non-coding RNA) profiling in tissues from
preclinical animal models with particular emphasis on the characterisation of early
mechanisms & biomarkers of non-genotoxic carcinogenesis. The potential contribution of pharmacoepigenomic profiling to patient stratification will also be discussed.
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INVESTIGATION OF TRANSGENERATIONAL
EPIGENETIC INHERITANCE IN PRODUCT SAFETY
ASSESSMENT.

R. J. Rasoulpour. Developmental and Reproductive Toxicology, The Dow Chemical
Company, Midland, MI.
The epigenome can be passed through the germ line to influence transgenerational
inheritance. Recent studies suggested that chemical exposure of pregnant rodents
can cause epigenetic changes in the (F1) conceptuses, which can be inherited by
subsequent generations. To further explore this phenomenon, groups of 25 pregnant F0 CD-1 mice were administered diethylstilbestrol or estradiol from gestation
day 9 to lactation day 20. Offspring were mated for two additional generations,
with F1-F3 offspring evaluated for uterotrophic effects and vaginal patency, and a
subset of animals evaluated at 18 months for uterine tumor incidence. This presentation provides an overview of our, and others, transgenerational epigenetic data for
areas of concordance and discordance, as well as provides thoughts on how these
findings are placed within the context of product safety assessment.

safety can be applied (Guidance on Safety assessment of botanicals* and botanical
preparations intended for use as ingredients in food supplements; EFSA Journal
2009; 7(9):1249). Topical application and oral ingestion can result in different
bioavailability which may arise from (i) more extensive metabolism in the intestine
and liver versus the skin, prior to reaching the general circulation, or (ii) slower and
incomplete transfer across the skin compared with the intestinal wall, due to the
physicochemical properties of the compound. Slower absorption after topical application also results in a different shape to the plasma concentration– time curve. The
significance of overall exposure to such substances should be assessed and compared
with existing health-based guidance values such as the acceptable/tolerable daily intake (ADI/TDI) values. The use of an approach such as TTC (Threshold of
Toxicological Concern) as described by Munro et al. (1996, 2008) using with the
decision tree developed by Kroes et al., (2004) provides an additional tool for the
safety evaluation of systemic exposures to chemicals and impurities in the absence
of chemical-specific toxicology data. This concept was extended to topical cosmetics in which the influence of physicochemical properties on dermal absorption and
the usage patterns was taken into account (Kroes et al. 2007).

39
36

CURRENT AND FUTURE EPIGENETIC THERAPIES.

N. Carey. Pfizer, Cambridge, United Kingdom. Sponsor: M. Rhodes.
Epigenetic drugs inhibiting DNA methyltransferases (DNMTi) or histone deacetylases (HDACi) have been licensed for clinical use in oncology. These first generation therapies are useful in certain haematological cancers, but patient selection,
and progressing these drugs into solid tumours, are proving remarkably difficult.
This may be because both DNMT and HDAC enzyme classes have very broadbrush actions against chromatin. A number of companies are now racing to develop
the next generation of epigenetic drugs, targeting proteins with much more specific
modes of action. This presentation will describe the limitations of existing epigenetic therapies, the challenges in identifying the most appropriate new epigenetic
targets for specific disease indications, and strategies for developing the next generation of new drugs, especially in the non-oncology area of chronic and degenerative
disorders.
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ALTERNATIVE APPROACHES TO THE SAFETY
ASSESSMENT OF NATURAL INGREDIENTS AND
EXTRACTS IN COSMETICS.

V. Srinivasan1, J. Skare2, C. Galli3, T. Adams4, A. Api5, K. Arvidson6 and T.
Re7. 1L’Oréal, Clark, NJ, 2Procter & Gamble Company, Cincinnati, OH,
3University of Milan, Milan, Italy, 4Flavor and Extract Manufacturers Association,
Washington, DC, 5Research Institute for Fragrance Materials, Inc., Woodcliff, NJ,
6US FDA, Washington, DC and 7L’Oréal, Clark, NJ.
Today, there is a growing consumer demand for naturally-derived ingredients and
botanical extracts such as those used as food or as flavoring agents and those in personal care products. The principles used in safety evaluation of foods can be extrapolated to cosmetic ingredients where the primary route of application is dermal versus the oral route. While quality standards exist for certification of organic and
natural cosmetics, there are no globally accepted safety assessment standards for
these products. Although relatively rare, adverse reactions to cosmetic and personal
care products containing traditional synthetic chemicals as well as botanical ingredients have been documented in the literature. The safety assessment of plant materials for which no or only a limited record of human exposure can be established
is complex, given that traditional, standard safety testing methods for synthetic
chemicals cannot be applied to natural plant ingredients for various reasons.
Therefore, chemical grouping, comparative, and read-across approaches as well as
the concept of the Threshold of Toxicological Concern (TTC) and other in silico
based animal alternative methodologies are pragmatic, logical, and reliable tools for
the safety assessment of plant-derived cosmetic ingredients.

ASSESSMENT OF NATURALLY OCCURRING
MIXTURES.

T. Adams. Flavor and Extract Manufacturers Association, Washington, DC. Sponsor:
V. Srinivasan.
A scientifically-based guide has been developed to evaluate the safety of naturally
occurring mixtures, including oils, extracts and oleoresins, based on data available
for the mixture and its chemical constituents. In this approach, constituents are organized into a limited number of well-established congeneric groups which are classified using the Cramer Decision Tree., a tool that screens chemically related substances for their toxic potential. Prioritization of the toxic potential of these
congeneric groups into three classes is fundamental to identifying the relative hazard of constituents in the mixture. Since the Decision Tree is based on an integrated
understanding of chemical reactivity, absorption, metabolism, and toxicity, new
data has allowed further refinement in the steps of the Decision Tree, increasing the
number of structural classes and levels of toxic potential. The guide is flexible and
allows for evaluation of major congeneric groups of low toxicologic concern as well
as low intake of minor congeneric groups of significant toxicological concern (i.e.,
higher Cramer class). The objective of the guide is to organize and prioritize the
constituents of a mixture so that no reasonably possible significant risk goes unevaluated, but it is not intended to be a rigid checklist. Its use must be integrated with
expert scientific judgment to insure a thorough evaluation.
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USE OF THRESHOLD OF TOXICOLOGICAL CONCERN
AT THE US FDA, OFFICE OF COSMETICS AND
COLORS.

A. Api. Research Institute for Fragrance Materials, Woodcliff Lake, NJ.
The concept of a threshold of toxicological concern (TTC) evolved from the application of a Threshold of Regulation for food contact chemicals by the Food and
Drug Administration in the United States. Starting in the 1990s, the TTC principle was further developed and became more broadly applicable than simply to
chemicals in food. Its potential value in the assessment of risks in other exposure
scenarios is the reason behind the use of TTC in the Office of Cosmetics and
Colors (OCAC) at the FDA. OCAC has been applying TTC where no toxicological information is available for a particular substance and as a prioritization tool,
such that limited resources can be concentrated to those chemicals of concern. This
work has suggested the need for modified TTC categories in order to best address
relevant exposure scenarios with cosmetics and colors. The presentation will describe the resulting modified TTC categories and experiences with TTC at OCAC.
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REGULATORY USE OF COMPUTATIONAL
TOXICOLOGY TOOLS AND DATABASES AT THE FDA,
OFFICE OF FOOD ADDITIVE SAFETY.

K. Arvidson. US FDA, Washington, DC. Sponsor: V. Srinivasan.
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APPLICATION OF THE THRESHOLD OF
TOXICOLOGICAL CONCERN (TTC) TO THE SAFETY
EVALUATION OF COSMETIC INGREDIENTS.

C. Galli. University of Milan, Milan, Italy.
Human exposure to natural ingredients and extracts in cosmetic products is primarily via the topical route, although oral and inhalation exposures also occur.
Depending on the botanical ingredient and its uses, there are circumstances under
which no additional data is necessary for the safety evaluation, i.e. a presumption of

Over ten years ago, the U.S. Food and Drug Administration’s Office of Food
Additive Safety (OFAS) implemented the formal use of structure activity relationship (SAR) analysis and quantitative structure activity relationship (QSAR) analysis
in the premarket review of food additives. Currently, OFAS uses multiple (Q)SAR
models in its (Q)SAR evaluations of food additives and is investigating the use of
metabolism data and metabolism predictive models. More recently, OFAS has been
developing a sustainable data management and storage system (Chemical
Evaluation and Risk Estimation System (CERES)), that will provide decision support tools for both pre-market and post-market safety assessments of food additives,
cosmetic ingredients and food contamination issues. The development of CERES

SOT 2012 ANNUAL MEETING

7

will provide a single unified data repository and analysis system that compiles available information on a substance, including: chemical structures and properties, regulatory records, toxicity studies, biological screening assays, (Q)SAR models and
application programming interfaces (APIs) to commercial (Q)SAR tools. In cases
where no information is available for a particular substance, CERES provides tools
to identify potential safety concerns by applying mode-of-action-driven (Q)SAR
prediction models, classify chemicals using structural alerts and, in the future, modified TTC categories, and for identification and analysis of data on structural and
biological analogs (read-across). The presentation will describe the use of (Q)SAR
tools at OFAS and the future directions of (Q)SAR within OFAS through the
CERES system.
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APPLICATION OF IN SILICO APPROACHES IN
COSMETICS—JUNIPER BERRY OIL.

T. Re. L’Oréal, Clark, NJ.
Natural, plant-derived botanical ingredients are increasingly being used in cosmetic
and personal care products. Safety evaluation of these complex mixtures is a challenge due to factors such as a high degree of variability in composition. Where direct evidence of safety does not exist, it may be necessary to use Threshold of
Toxicological Concern (TTC) and a weight-of-evidence (WoE) approach to evaluate safety. The first step in the safety evaluation of natural ingredients is to obtain a
complete as possible characterization of chemical constituents. For each component, its maximum known concentration, its molecular weight, and LogP are use to
estimated skin penetration potential and to estimate a maximal daily systemic exposure. Nominal exposure values are then compared with their respective TTC
class, known NOAEL’s and/or food intake values of “no safety concern.” In cases
where systemic exposure exceeds these values, additional in silico evaluation may be
done. Read across using procedures such as the JECFA congeneric model and/or
computer modeling to identify similar structures with known toxicity data may be
used. In addition, potential structural alerts of individual components can be evaluated using commercially available databases – DEREK, OECD toolbox, Lead
Scope, etc.). Therefore, a weight-of-evidence approach based on available toxicology data, extrapolated NOELs, and/or predictive in silico data can be used to evaluate the safe cosmetic use of complex plant-derived materials cosmetics.

results demonstrated that the in vitro cell-based and biochemical assays provided
similar predictive performance compared with the structural chemical descriptors
across the majority of the in vivo endpoints. The combination of in vitro cell-based
and biochemical assays and structural chemical descriptors provided increased predictive performance over either type of data alone. For the in vitro cell-based and
biochemical assays themselves, broad evaluation of predictive performance showed
limited sensitivity, but high specificity for predicting the in vivo effects. These results offer mid-course insights for their utility in toxicity testing and decision making.
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R. S. Judson. National Center for Computational Toxicology, US EPA, Research
Triangle Park, NC.
The US EPA is carrying out a large scale project called ToxCast, one goal of which
is to build toxicity signatures. These are intended to be predictive models that link
in vitro assay results for chemicals with whole animal in vivo toxicity outcomes.
From Phase I of ToxCast (309 data rich chemicals), we have developed signatures
for several cancer endpoints (e.g. liver and thyroid), reproductive fitness and developmental toxicity endpoints. Phase II data (700 chemicals combing data rich and
data poor subsets) is allowing us to test the forward predictive power of the original
signatures and to make further refinements. This talk will describe signature development approaches including hurdles to successful development of highly predictive models. These issues include multiplicity of modes of action (e.g. for cancer)
leading to statistical power issues; problems with lack of metabolism in most in
vitro assays; the need for pharmacokinetic modeling; inherent noise in in vitro assays; and the lack of realistically organotypic cell systems. Despite these inherent
limitations, we have examples of useful signatures that link specific key molecular
events that can be probed using in vitro assays to predict in vivo modes of action.
We illustrate this linkage using the example of pathways that help drive angiogenesis, which play roles in both chemically-driven developmental defects and cancer
progression.
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HIGH-THROUGHPUT IN VITRO TOXICITY TESTING:
A MIDCOURSE ASSESSMENT OF PREDICTIVE
ACCURACY FOR IN VIVO ENDPOINTS AND USE IN
DECISION-MAKING.

R. S. Thomas1 and W. D. Pennie2. 1The Hamner Institutes for Health Sciences,
Research Triangle Park, NC and 2Pfizer, Inc., Groton, CT.
Over the past five years there has been a broad-based discussion on the future direction of toxicology and how safety testing is performed. This discussion has
spawned multiple research efforts looking to use high- and medium-throughput in
vitro screening data in identifying chemical hazards. For industrial and agricultural
chemicals, research efforts in United States and Europe have characterized the in
vitro biological activity of chemicals using multiple in vitro assays and technologies
in order to predict in vivo toxicity and prioritize compounds for conventional toxicity testing. For pharmaceuticals, high-throughput in vitro screening assays have
been integrated early into preclinical drug development to identify toxic compounds and guide medicinal chemistry efforts. In both cases, the application of in
vitro toxicity screening for prioritization and hazard identification relies on its ability to accurately predict the results of in vivo laboratory animal studies and humans.
The efforts in the United States and Europe are now several years old and a significant amount of data has been collected to provide an evaluation of the strengths
and limitations of the using high- and medium-throughput screening for predicting in vivo apical responses. This session will be of broad interest to investigators
and regulators looking to use in vitro assays for toxicological testing and safety assessment of environmental, industrial, and pharmaceutical chemicals.
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A COMPREHENSIVE STATISTICAL ANALYSIS OF THE
IN VITRO-TO-IN VIVO PREDICTIVE CAPACITY OF
HIGH-THROUGHPUT TOXICITY SCREENS.

R. D. Wolfinger. SAS Institute Inc., Cary, NC.
The release of the US Environmental Protection Agency’s ToxCast Phase 1 dataset
has provided an excellent opportunity to evaluate the ability of high-throughput in
vitro screening assays to predict in vivo toxic endpoints. A broad-based statistical
classification analysis was performed using a suite of different predictive modeling
methods. The predictors include the results from the nearly 400 in vitro cell-based
and biochemical assays and structural chemical descriptors. The in vivo effects to be
predicted include hundreds of endpoints from the ToxRef database. Analysis of the
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FEASIBILITY OF PREDICTING IN VIVO MODE OF
ACTION USING PATHWAY-BASED IN VITRO SCREENS.

EVALUATING THE EFFECT OF DOSIMETRY ON THE
IN VITRO-TO-IN VIVO PREDICTIVE CAPACITY AND
RELATIVE SENSITIVITY OF THE TOXCAST SCREENS.

B. A. Wetmore. The Hamner Institutes for Health Sciences, Research Triangle Park,
NC.
The current ToxCast Phase I project has evaluated 309 chemicals across 500 in vitro
cell-based and biochemical assays. The results from the assays have been summarized based on the half-maximal activity concentration (AC50) or lowest effective
concentration (LEC) which characterizes the responses based on nominal chemical
concentrations in the well. The AC50 and LEC summary values are being used to
predict the in vivo toxic endpoints; however, the use of nominal chemical concentrations does not account for pharmacokinetic factors in predicting in vivo toxicity
and no overall evaluation has been performed to assess the relative sensitivity of the
in vitro assays compared to in vivo responses. In this study, metabolic clearance was
measured in rat primary hepatocytes and plasma protein binding was measured in
rat plasma for a subset of 59 ToxCast chemicals. Computational in vitro-to-in vivo
extrapolation methods and reverse dosimetry were then used to estimate rat oral
equivalent doses required to produce steady state in vivo concentrations equivalent
to in vitro AC50 and LEC values in each of the ToxCast assays. For each chemical,
the rat oral equivalent dose from the most sensitive in vitro assay was compared
with the low effect level from the most sensitive endpoint in the in vivo studies in
the ToxRef database. The results suggest that the most sensitive in vitro assay is 10to 15-fold more sensitive than the apical responses in vivo. When the oral equivalent doses for all the in vitro assays were used in a partition tree classification model
to predict the in vivo endpoints, an increase in model performance based on the
area under the curve (AUC) of the ROC curve was observed for more than half of
the endpoints. However, the increase in the AUC was relatively small suggesting the
gain in performance was minimal. Inherent pharmacodynamic differences between
the in vitro human bioactivities and in vivo rat endpoints assessed are being explored as factors that may be compromising the analyses.
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PREDICTING IN VIVO TOXICITY USING IN VITRO
ASSAYS AND CHEMICAL PROPERTIES IN
PRECLINICAL DRUG DEVELOPMENT.

W. D. Pennie. Pfizer, Inc., Groton, CT. Sponsor: R. Thomas.
The incorporation of predictive toxicology approaches in early preclinical drug development will be important for reducing the attrition rate within the industry. To
identify potential toxic compounds and guide medicinal chemistry efforts, targeted

in vitro assays have been integrated with structure activity-relationship rules and
physicochemical properties to predict in vivo effects. The results have demonstrated
that selecting appropriate cell systems that predict the mechanisms of toxicity are
key factors that determine the successful prediction of in vivo effects while predicting organ-specific toxicity remains a challenge. In profiling drug-like molecules, we
have considered multiple mechanistic endpoints (cell death, apoptosis, promiscuity
against secondary targets, mitochondrial endpoints, etc.) in cell lines of different
tissue origins (e.g. transformed cell line of hepatic or cardiac origin, or using stemcell derived specific cell lineages). In these experiments, we have established not
only the technical performance of mechanistic cell-based assays, but also the impact
of cellular background on predictivity. In building predictive models particular
challenges exist in the careful annotation of the training data set and building databases of well annotated and accessible data. Finally, the need to balance an understanding of transporter interactions, metabolism and intended dose of the compound are all shown to have an effect on predictive model performance. In this
regard, we have built computational models that incorporate dose prediction as
well as chemical properties in an attempt to guide early medicinal chemistry to safer
chemical space.
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USING IN VITRO MODELS TO PREDICT
REPRODUCTIVE AND DEVELOPMENTAL TOXICITY: A
MIDCOURSE ASSESSMENT OF THE EUROPEAN
REPROTECT PROGRAM.

M. Schwarz. Institute of Experimental and Clinical Pharmacology and Toxiciology,
University of Tuebingen, Tuebingen, Germany. Sponsor: R. Thomas.
An integrated project called ReProTect (www.reprotect.eu) was run from 2004 to
the end of 2009, which was funded by the European Commission within the 6th
Framework Program for research. The project assembled 33 European partners
from academia, small and medium-sized enterprises, governmental institutions and
industries. The aim of ReProTect was to develop or improve in vitro assays for their
integration into a testing strategy suited to provide detailed information on the hazard of compounds to the mammalian reproductive cycle. At the end of the project
more than 20 different tests were developed, predicting effects on spermatogenesis,
folliculogenesis, germ cell maturation and fertilization, steroidogenesis, the endocrine system, the pre-implantation embryo, placentation, uterus function, and
embryonic development. Standard operating procedures for each of the tests have
been produced and more than 150 peer-reviewed reproductive toxicants have been
tested. In the final year of the project, a ring trial, termed the “Feasibility Study”,
was conducted in order to challenge the in vitro tests of ReProTect. A set of 10 test
chemicals were investigated under blinded conditions by the participants of the
Feasibility Study in their respective assays. The outcome of the study revealed that
this preliminary test battery was able to correctly predict most of the in vivo effects
on fertility and embryonic development, while only few predictions were incorrect
for explainable reasons. The Feasibility Study of ReProTect has constituted a paradigm of alternative testing batteries and will guide future approaches in this field.
Its success is a major step towards reduction and replacement of animal experiments
and portrays the main achievements of the EU project.

49

THE EPIDIDYMIS, THE FORGOTTEN TARGET OF
TOXICANTS.

D. Cyr1 and R. E. Chapin2. 1Institut Armand-Frappier, INRS, Laval, QC, Canada
and 2Drug and Safety Development, Pfizer, Groton, CT.
The epididymis is the major component of the testicular excurrent duct system.
Testicular input to the tissue is conveyed via the efferent ducts, which anastomose
to form a single, highly convoluted epididymal duct. The epididymis can be divided into two main compartments: the epithelium and the lumen. In adults, the
lumen contains sperm that are bathed in luminal fluid whose composition varies
markedly along the tissue. The blood-epididymis barrier, formed by epithelial principal cells, regulates this luminal environment and distinguishes it from blood.
Functional sperm maturation in the epididymis is the result of their exposure to the
luminal environment. Thus, the ability of the epididymis to provide the appropriate milieu for sperm maturation is critical. This is created by several processes, most
notably the highly absorptive and secretory activities of the epithelial cells that line
the duct. Many epididymal functions are either androgen or estrogen-dependent.
The critical functions of the epididymis for sperm maturation and its reliance on
hormonal regulation make it a prime target for toxic action. Several studies have
shown that endocrine-disrupting chemicals, such as phthalates, can alter the development of the epididymis, and, in extreme cases, lead to its absence. Other chemi-

cals, such as dioxins, affect sperm maturation via alterations to epididymal functions. However, epididymal function is frequently ignored in toxicity studies. Yet,
posttesticular and idiopathic male infertility represents a significant problem, suggesting that alterations in epididymal sperm maturation may have greater significance than previously thought. This session will provide an overview of epididymal
functions and regulation and show examples of how environmental toxicants may
alter male fertility by targeting the epididymis.
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THE EPIDIDYMIS: OVERVIEW OF FUNCTIONS AND
ROLE OF BASAL CELLS IN PROTECTION AGAINST
FREE RADICALS.

L. Hermo1, C. E. Smith1 and D. Cyr2, 1. 1Anatomy and Cell Biology, McGill
University, Montreal, QC, Canada and 2Institut Armand-Frappier, INRS, Laval,
QC, Canada.
The epididymis, a highly coiled duct, links the efferent ducts to the vas deferens.
Principal cells are the most abundant cell type, while basal, narrow and clear cells
are present with a distribution that is region-specific. Collectively all of these cells
function to provide a luminal milieu with proper pH, water, and ion balance for
optimal maturation, protection, and storage of spermatozoa. Since the rate of cell
division in the adult epididymis is low, damage to epididymal cells is likely to be
permanent and to result in altered epididymal sperm maturation. In terms of functions, principal cells are active in secretion of proteins that interact with the sperm
surface, while clear cells are highly endocytic. Narrow cells maintain the pH of the
proximal epididymis. Basal cells play an integral role in protecting the epithelium,
and possibly sperm, from chemical insult and by scavenging free radicals. Many of
the proteins implicated in protecting the epithelium from free radicals are localized
to basal cells, including glutathione-S-transferase and metallothioneins. While
some of these are also located in principal cells, the majority are localized exclusively
to basal cells, with a distinct absence from the highly endocytic clear cells. Thin
projections from basal cells extend along the base of the epithelium, with some also
reaching the epididymal lumen, suggesting a role in protecting not only the overlying principal cells but also the stored spermatozoa. Principal, clear, narrow and
basal cells also express various aquaporins and carbonic anhydrases as well as H+ATPase, with some being regulated by estrogens or androgens. Studies have shown
that environmental toxicants can modulate the epididymal antioxidant system, and
this correlates with a loss in sperm motility. Hence the interactions between the different cells types of the epididymis represent a well-coordinated syncytium for the
defence and acquisition of sperm maturation.
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THE EFFECTS OF ANTIANDROGENS ON EPIDIDYMAL
DEVELOPMENT IN THE RAT.

P. M. Foster. NIEHS, NTP, Research Triangle Park, NC.
The normal development of the epididymis from the Wolffian duct in mammals is
controlled by androgens (particularly testosterone, T). Interference with epididymal development can result in numerous adverse outcomes at different life stages.
Studies were undertaken using different antiandrogens administered to pregnant
rats during male reproductive development (GD 12-20). For specific phthalate esters (eg di-n-butyl; DBP) the epididymal development is the critical target affected
in the reproductive tract affected by reduced fetal T production. However, the
greatest effects of flutamide, an androgen receptor (AR) antagonist, are on the
prostate and external genitalia (tissues responsive to dihydrotestosterone), with adverse epididymal effects at higher dose levels, whereas Linuron, another competitive
AR antagonist, has the epididymis as the target. The adult phenotypes of these
agents after in utero exposure vary from complete agenesis of the epididymis to hypoplasia with little coiling of the duct. Atrophied (or absent) epididymides have
profound effects on corresponding testis development, but with delayed effects.
Thus, in utero exposure to Linuron has normal testicular morphology in offspring
until the testis produces seminiferous tubule fluid (STF; PND 42). STF conveys
sperm from the testis to the epididymis, where fluid is resorbed to concentrate
sperm; the epididymal effect will produce pressure build up in the testis, atrophy of
the seminiferous tubules, germ cell degeneration, and infertility. Unlike the testis,
the effects of antiandrogens on the epididymis can be noted in rat fetal structures,
manifest as reduced coiling of the Wolffian duct. Molecular studies with DBP and
linuron have shown a reduction in the expression of AR protein in the epithelium
of the developing Wolffian duct. In contrast, DBP produces an increase in IGF receptor 1 in the mesenchyme and epithelium. In summary the fetal epididymis/
Wolffian duct can be a target for anti-androgens. Effects can be manifest in the fetal
period in the epididymis, but this maldevelopment can have severe consequences
on the adult testis and subsequent reproductive performance.
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THE BLOOD-EPIDIDYMIS BARRIER: A CRITICAL
COMPONENT OF BOTH DETOXIFICATION AND
SPERM MATURATION.

D. Cyr. Institut Armand-Frappier, INRS, Laval, QC, Canada.
The final stages of sperm maturation occur in the epididymis, where sperm acquire
the ability to swim and fertilize. Since sperm are transcriptionally inert, they must
rely on the epididymis for protection from chemical insult. This is accomplished in
part by an extensive blood-tissue barrier that limits the passage of molecules between cells and the epididymal lumen. The blood-epididymis barrier is composed
of occludin and claudins, which form tight junctions between adjacent principal
cells of the epididymal epithelium. The barrier is, however, more complex involving
a series of chemical and ionic transporters that permit creation of specific microenvironments, required for sperm maturation, within the lumen, along the length of
epididymis. In addition to these transporters, specific pores formed by claudins
within the tight junction allow rapid and selective passage of ions across the tight
junction. The barrier also contains transporters that can protect sperm from chemical toxicity. Alkylphenol ethoxylates, such as octylphenol (OP) have been reported
to exert toxicity on sperm motility at high concentrations. We have shown that, at
environmentally relevant doses, octylphenol does not accumulate in either the testis
or epididymis, and is in fact rapidly eliminated, suggesting an active transport
mechanism. We have shown the presence of a functional ABC-B1 transporter in
the epididymis, which is induced by octylphenol and may be responsible for preventing (OP) accumulation in the epididymis. Surprisingly, we also observed that
during epididymal transit, sperm acquire a functional ABC-B1 transporter critical
to the detoxification process protecting sperm from chemical insult. Thus the
blood-epididymis barrier is not only critical to epididymal physiology but acts as an
essential structure for protecting maturing spermatozoa from chemical insult.
Supported by CIHR and NSERC.

acting agents have been implicated with increased cancer risk in chronically-treated
patients, the risks associated with targeted immunotherapies can be anticipated to
be driven by their mechanism of action. This session will discuss current paradigms
around immunomodulation and cancer, available tools for the assessment of cancer
risk applied to therapeutic immunomodulators, risk assessment, and views from industry and regulators. The discussions in this presentation coincide with recent international regulatory and industry efforts to update ICH S6(R1), which guides the
nonclinical development of large molecule therapeutics.
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IMMUNOMODULATION AND CANCER: AN
OVERVIEW.

R. Ponce. Amgen, Seattle, WA.
Experimental, clinical, and epidemiological data support a mechanistic role for innate and adaptive immunity in both protection against cancer and tumor promotion. These conflicting data may be understood by evaluating specific immunological-tumor interactions from early tumor development through metastasis. This
presentation will focus on prevailing paradigms for immune-mediated tumor surveillance and elimination, and immune-mediated tumor progression. This
overview will thus establish a common understanding of the issues that will be discussed in greater detail in following talks.
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EFFECTS OF IMMUNOSUPPRESSIVE DRUGS IN
PRECLINICAL MODELS OF NEOPLASIA.

M. R. Walker. Biologics Toxicology, Centocor, Radnor, PA.

53

THE EPIDIDYMIS AS A TARGET ORGAN FOR
TOXICANTS.

W. Kempinas. Morphology, University Estadual Paulista, Botucatu, São Paulo,
Brazil. Sponsor: D. Cyr.
It is speculated that the decline in sperm quantity and quality in certain populations can be due to the exposition to environmental chemicals. If future research establishes that this putative decline in semen quality is indeed occurring the epididymis must certainly be considered a possible target organ, although
characterizing toxicity in the epididymis, in a testis-independent way, is problematic. It has been shown that toxicant-induced acceleration in epididymal sperm
transit time reduce time available for acquisition of fertility and the number of
sperm available for ejaculation, and it may reflect alteration in epididymal fluid regulation. The aim of this talk is to present experimental strategies in Epididymal
Toxicology, a relatively new area, and data on the effects of endocrine disruptors
and other environmental toxicants, such as pesticides and metals in the epididymis.
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CHEMICAL-INDUCED INFLAMMATION AND
GRANULOMAS IN THE EPIDIDYMIS.

R. E. Chapin. Drug Safety and Development, Pfizer, Groton, CT.
By far the most common treatment-induced abnormality in the epididymis, exclusive of abnormal luminal content that simply reflects testis damage, is inflammation
or granuloma. Little mechanistic work has been published on the underlying steps
leading to these effects. This talk will present the hypothesis that these exist along a
continuum, and will present recent work that explores possible mechanisms of epididymal inflammation. The model presented is useful in a pharmaceutical context
for screening backup candidate compounds.
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THERAPEUTIC IMMUNOMODULATION AND
CANCER RISK: SCIENCE, RISK ASSESSMENT, AND
RISK COMMUNICATION.

M. Pallardy2, R. Ponce3, M. R. Walker4, H. G. Haggerty5, D. Mellon6 and S.
M. Heidel1. 1Eli Lilly and Company, Indianapolis, IN, 2University of Paris, Paris,
France, 3Amgen, Thousand Oaks, CA, 4Centocor, Radnor, PA, 5Bristol-Myers
Squibb, New Brunswick, NJ and 6CDER, US FDA, Silver Spring, MD.
Therapeutic immunomodulators have evolved from broad-spectrum immune system antagonists used in the treatment of organ transplantation to newly emerging
targeted therapeutics treating specific immune-mediated diseases. Whereas broad-
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In evaluating the risk of neoplasia posed by selective immunosuppressive drugs,
preclinical models, by providing data on hazard identification and characterization,
can play an important role in a weight of evidence-based approach to risk assessment. However, their predictive value in quantitative risk assessment is limited.
This is particularly true for genetically deficient animals and studies conducted
with surrogate molecules. This presentation will focus on the available preclinical
models and discuss their utility in informing risk assessment of immunomodulation and cancer.
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IMMUNOMODULATION AND CANCER: RISK
ASSESSMENT AND WEIGHT-OF-EVIDENCE
EVALUATIONS.

H. G. Haggerty. Immunotoxicology, Bristol-Myers Squibb, New Brunswick, NJ.
Risk assessment for carcinogenic potential of selective immunomodulatory drugs
requires a strategy based on a weight-of-evidence approach. This presentation will
describe how a Product Specific Assessment (PSA) is formulated, including a review
of relevant data from a variety of sources, such as published data, information on
class effects, target biology and mechanism of action, as well as in vitro, chronic toxicity, and clinical data. In some cases, the available information may be sufficient to
address carcinogenic potential and inform clinical risk without additional nonclinical studies, while in other cases the sponsor should design a strategy to address the
potential hazard, which may include additional studies that could mitigate the
mechanism-based concern or the PSA may be used to communicate risk and provide input to the risk management plan along with labeling proposals, clinical
monitoring, postmarketing surveillance, or a combination of these approaches.
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IMMUNOMODULATION AND CANCER: A
REGULATORY PERSPECTIVE.

D. Mellon. CDER, US FDA, Silver Spring, MD. Sponsor: S. Heidel.
Communication of risk of potential carcinogenicity of a drug product is a key component to any product label. Regulatory agency’s and product innovators are challenged to provide useful and understandable information to the clinician. This
presentation will discuss the product labeling for several US FDA-approved immunomodulatory compounds and how the existing clinical and nonclinical information ultimately impacted the final product labeling and discuss how a detailed
product-specific assessment could impact future drug product labeling.
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IMAGING-BASED MUTISCALE MODELS OF THE
RESPIRATORY SYSTEM THAT ACCOUNT FOR
REGIONAL HETEROGENITY IN HEALTH AND
DISEASE.

D. R. Einstein, R. E. Jacob, S. Kabilan, A. P. Kuprat, J. P. Carson, K. R.
Minard and R. A. Corley. Pacific Northwest National Laboratory, Richland, WA.
Historically, computational fluid dynamic (CFD) models of the respiratory system
have been unable to account for mechanical variation in the lung. However, local
deviations from nominal heterogeneity and compliance in disease states such as emphysema and fibrosis have both important clinical and pathological implications.
Moreover, by altering site-specific flow, these deviations are likely to influence the
dosimetry and responses to drugs, gases or particulates. To investigate the influence
of regional heterogeneity and compliance on airflow, multiscale CFD models of the
respiratory airways of control and elastase treated rats were constructed from highresolution computed tomography (CT) images. Time-dependent CT images were
acquired in live, mechanically-ventilated Sprague-Dawley rats at eleven time points
over the breathing cycle. Three-dimensional (3D) deformation fields were calculated for each set of images by non-linearly warping each image to a reference
image. From these deformation maps, 3D volumetric strain was computed by solving for non-linear strain based on a finite-element discretization. Model geometries
were derived from high-resolution CT images of post-mortem in situ lung airway
casts. Lower-dimensional models of distal lung mechanics, including resistance, inductance and compliance were parameterized from the live and cast images and bidirectionally coupled to each CFD outlet. Boundary conditions for the multiscale
models consisted of atmospheric pressure at the nose and time dependent regionally-specific volumetric strain – ventilation – at the terminus of each lower-dimensional model. Compared to the control models, predications from the elastase-derived models indicated that disease specific mechanics profoundly altered flow.
These models are the first to our knowledge to incorporate detailed mechanics of
the parenchyma and form the basis for an investigation of airway toxicity in health
and disease. Funded by NHLBI R01 HL073598.
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AN IN SILICO MODEL OF ENDOTOXIC SHOCK
MEDIATORS.

M. K. Makley, E. Hack and J. M. Gearhart. 711 HPW/RHPB, Henry M. Jackson
Foundation—Wright-Patterson AFB, Dayton, OH.
Biologically-based in silico models of pathogen-host interactions are being designed
in our lab to predict the time-course of pathogenic infection in humans.
Macrophages respond to lipopolysaccharides (LPS), including the release of potent
lipid autacoids, causing a cascade of events leading to endotoxic shock. However,
animals have been shown to vary in response and susceptibility to E. coli endotoxin: guinea pig > hamster > mouse. To establish a sound basis for interspecies extrapolation, a pathogenesis model is being extended to encompass endotoxic shock.
Exposing experimental animals to aerosols of LPS elicits bronchoconstriction, activation of alveolar macrophages, and recruitment of inflammatory cells into airways.
These effects have been attributed to a potent lipid autacoid, platelet-activating factor (PAF). Species differences in the biomodulatory effects and mechanisms of PAF
are similar to those seen with endotoxin. In guinea pigs, PAF (2 ug/kg IV) causes
bronchoconstriction and hypotension in seconds and lethality within 25 minutes.
In rats, however, 3 ug/kg of PAF had a negligible impact on heart rate. Therefore, a
dynamic model for PAF was developed to link a pathogen’s kinetics and host response. The current model focuses on kinetics and receptor binding of PAF and its
antagonist ginkgolide B (GB). The kinetic models include plasma, red blood cell,
lung, heart, and rapidly and slowly perfused tissues, with IV and inhalation exposure routes, and pathways for binding and elimination of PAF. Kinetic parameters
were from the literature. The model was used to simulate experimental exposures to
PAF and GB, revealing potential explanations for species differences in sensitivity
to PAF. Internal dose metrics were generated and correlated with observed signs of
infection and lethality in an attempt to identify the most appropriate metrics for
predicting adverse effects. This model of pathogen kinetics and these dose metrics
help to elucidate mechanisms of host response dynamics and improve cross-species
extrapolation of response data.
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COMPARATIVE EXPOSURE ASSESSMENT: USE OF
PBPK MODELING FOR THE ESSENTIAL ELEMENT
MANGANESE.

R. Gentry1, A. Santamaria1, S. Sulsky1, A. Shipp1, C. Van Landingham1, W.
Fuller1, K. Fast2, M. Taylor2 and J. Roper2. 1ENVIRON International
Corporation, Monroe, LA and 2Afton Chemical Corporation, Richmond, VA.
Most methods for exposure and risk assessment cannot capture the typical biphasic
response of an essential element. Investigations have been conducted to assess the
potential for adverse health impacts from exposure to Mn present in air from occu-

pational sources. These analyses have not considered the essentiality of Mn and its
function in key biological processes. Further, the lack of an integration of Mn-specific kinetic and experimental data has resulted in the application of uncertainty
factors that may not be necessary for the derivation of a “safe” inhalation exposure
level. PBPK models were applied to determine target tissue concentrations of Mn
following occupational and measured ambient environmental exposures. These target tissue levels were then compared to determine margins of safety and to evaluate
the biological plausibility of applying uncertainty factors to derive acceptable air
concentrations. Blood concentrations reported in the occupational studies allowed
for human verification of the PBPK models, increasing confidence in the estimates.
The results of modeling considering both dietary and inhalation intake of Mn suggest accumulation in target tissues occurs only when exposure is to levels of Mn in
ambient air far higher than those currently measured in Canada or the United
States. Margins of Safety were greater than three orders of magnitude, indicating
how much of an increase in the ambient levels would be required to produce the
target tissue level at or below which no subclinical neurological effect would be expected. This application of PBPK modeling for an essential element, such as Mn,
clearly demonstrates that the application of default factors to “convert” an occupational exposure to a continuous environmental exposure, followed by the application of uncertainty factors is not scientifically defensible in the case of Mn. It also
suggests a maximum uncertainty factor on the order of 10, rather than several orders of magnitude.
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TRANSLATIONAL PHARMACOKINETICPHARMACODYNAMIC MODELING OF QTC EFFECTS
IN DOG AND HUMAN.

J. Parkinson1, P. Jarvis2, S. Visser3, C. E. Pollard1, J. Yates4, H. Southworth5, J.
P. Valentin1 and L. Ewart1. 1Safety Pharmacology, AstraZeneca, Alderley Park,
United Kingdom, 2Discovery Enabling Capabilities & Sciences, AZ, AP, United
Kingdom, 3Global DMPK Centre of Excellence, AstraZeneca, Södertälje, Sweden,
4DMPK, AstraZeneca, AP, United Kingdom and 5Global Clinical Development,
AstraZeneca, AP, United Kingdom.
Prolongation of the QT interval is used as a biomarker for the arrhythmia Torsades
de Pointes. In contrast, less is known about safety implications of QT shortening
despite a recent increase preclinically in the number of drugs with this effect (1). A
pre-clinical assessment of the relationship between concentration and QT change is
therefore crucial to assure drug safety. The aim of this investigation was to perform
a retrospective pharmacokinetic-pharmacodynamic (PKPD) analysis of dog and
man data and compare the effects of 2 proprietary small-molecules, one increasing
and one decreasing the heart-rate corrected QT interval (QTc) in both species. The
preclinical data were collected in a conscious dog telemetry model while the clinical
data were collected during Phase I trials in healthy volunteers. 2 or 3 compartmental models were used to describe the PK of drugs in dog and man, respectively. Final
PK parameter estimates were then used as an input for the PKPD model. An effect
compartment was introduced to derive the concentration-effect relationships. The
QTc response from dog and man at matching free concentrations were then plotted
against each other. The initial plot showed a clear translational relationship between
dog and man QTc response, confirming that the conscious dog model is effective
for predictions of drug-dependent QTc effects in man. To confirm our findings, we
have included PKPD data for known QT prolongers (moxifloxacin & dofetilide).
The resulting plot closely matched initial results and had a slope of 1.3 ms. Based
on this relationship, QTc change of ~7 ms in dog would correspond to 10 ms
change in man. Such relationships could be therefore useful to predict the clinical
outcome on QTc interval change using preclinical dog data and will thus improve
future decision-making. (1) Holbrook M et al. 2009, JPTM, 59:21-28
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DEVELOPMENT OF A HUMAN GESTATION
PHYSIOLOGICALLY-BASED
PHARMACOKINETIC(PBPK) MODEL FOR
COEXPOSURE OF POLYCHLORINATED
BIPHENYLS(PCBS).

M. Ray3, P. Ruiz1, S. Li2, M. Mumtaz1 and J. Fisher4. 1Division of Toxicology and
Environmental Medicine, CDC ATSDR, Atlanta, GA, 2Medical College of Georgia,
Augusta, GA, 3University of South Carolina, Columbia, SC and 4National Center
for Toxicological Research, US FDA, Jefferson, SC.
Exposure of pregnant women to persistent organic pollutants such as PCBs can
lead to toxic effects in mothers and fetuses via blood transfer through the placenta.
Concentrations of PCBs measured in human biomonitoring data from expectant
mothers exposed to background levels of PCBs, and the transfer of PCBs from
mother to fetus were assessed using PBPK modeling. A human gestation PBPK
model for the coexposure of PCBs was developed to simulate the disposition of a
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maximum of ten PCB congeners within a pregnant mother and fetus throughout
the entire 40 week gestational period. A five compartment maternal model, and
four compartment sub-model was used to describe the pharmacokinetics of PCBs
in the mother and fetus, respectively. Quantitative Structure Activity Relationships
were applied to calculate the chemical-specific parameters, while the physiological
parameters were taken from the literature. Model evaluation was performed by
comparing estimated daily intakes and tissue concentrations of PCBs from published literature with the model predicted tissue concentrations. The model was capable of simulating the pharmacokinetics of PCBs during pregnancy in a sample of
NHANES biomonitoring during 1999-2000 and 2001-2002. The model correlation coefficients values were 0.87, 0.81, and 0.85 for the first, second and third
trimester, respectively. Hence, this model can be used as a screening tool that can
provide useful information for mothers and the in utero coexposure of PCBs.
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USE OF A VALIDATED PBPK/PD MODEL FOR
CHLORPYRIFOS TO CORRELATE IN VITRO
SUBSTRATE CONCENTRATIONS WITH IN VIVO
SYSTEMIC EXPOSURES.

M. Bartels1, T. S. Poet2, P. S. Price1, P. M. Hinderliter2 and D. R. Juberg3.
1Toxicology, Dow Chemical, Midland, MI, 2Biological Modeling, PNNL, Richland,
WA and 3HHA, Dow AgroSciences, Indianapolis, IN.
Chlorpyrifos (CPF) is one of a series of organophosphate insecticides that inhibit
various cholinesterase (ChE) enzymes in biological systems, via metabolism to
CPF-oxon (OXON), followed by covalent binding to the ChE enzyme. Numerous
groups have investigated the potential for CPF or the OXON metabolite to elicit
non-ChE effects, generally in vitro, with whole cells, tissue homogenates or purified
proteins. Nearly all studies have been conducted with OXON only, or have shown
that OXON is much more active than the parent CPF compound. A survey of in
vitro studies was conducted to determine the levels of CPF and OXON associated
with ChE and non-ChE effects. A validated Life-Stage PBPK/PD model was used
to predict blood levels of CPF and OXON across a wide range of oral exposures for
both infants (6-mo) and adults (30-yr). No-effect levels (NOELs) for ChE inhibition from OXON were generally in the μM range when serum was included in the
media. Using the PBPK/PD model, these levels were found to correspond to oral
doses in adults and infants that are > 10 mg CPF/kg bw. Lower NOELs were found
in serum-free assays (< 1 nM), but when corrected for lack of protein binding, these
results generally corresponded to oral doses in adults and infants of > 1 mg CPF/kg
bw. Thus, the observed non-ChE effect levels are generally comparable to oral doses
that are anticipated to cause significant ChE inhibition (>0.5 mg/kg). This is consistent with a common mode of action of protein-OXON adduct formation for
both types of effects. Finally, certain conditions in the in vitro systems may preclude
the value of these results (eg: use of substantial levels of the active vehicle DMSO or
non-specificity of some of the assays employed). In summary, the presented use of a
PBPK model to correlate substrate concentrations from in vitro assays with predicted oral doses provides a useful means to evaluate the significance of in vitro
findings in the risk assessment of CPF.
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EFFECT OF AGE ON TOXICOKINETICS AMONG
HUMAN VOLUNTEERS EXPOSED TO PROPYLENE
GLYCOL MONOMETHYL ETHER (PGME).

N. B. Hopf, D. Vernez, A. Berthet, N. Charriere, C. Arnoux and C. Tomicic.
Institute for Work and Health (IST), Lausanne, Switzerland. Sponsor: M. Bouchard.
Rationale: Aging adults represent the fastest growing population segment in many
countries. Physiological and metabolic changes in the aging process may alter how
aging adults respond to exposures compared to younger workers. Current preventive workplace exposure measures may therefore not be sufficiently protective for
the aging workforce. In a controlled human toxicokinetic study (exposure chamber;
12m3), the volunteers (n=11) were men and women over the age of 58 years and exposed to a commonly used, low neurotoxic glycol ether; PGME (CAS no. 107-982) (50 ppm, 6 hours). Oxidative metabolism (Michaelis-Menten) is the major pathway and conjugation the minor in humans. Metabolites, conjugated and free
PGME are eliminated through the kidneys, and the elimination kinetics is dose-dependent (0 order). Scope: (1) compare the toxicokinetic profile of PGME obtained
in the aging volunteers (58- 62 years) to young volunteers (20-25 years) from a previous study; (2) Test the predictive power of an existing PGME toxicokinetic compartment model for aging persons against urinary PGME concentrations found in
volunteers from our experimental study. Experimental procedure: Urine samples
were collected before, every 2-hour during exposures for six hours, and ad-lib for
additional 20 hours. Urinary analysis of free and total PGME was performed using

12

SOT 2012 ANNUAL MEETING

capillary GC/FID. The toxicokinetic model (Berkley Madonna software) was ageadjusted. Results. Urinary free and total PGME concentration rose rapidly, and did
not reach an apparent plateau level during exposure. Less conjugation was observed
in the older group. The predictive model developed for the young group predicted
well total PGME in the aging group but not free PGME. The age adjusted toxicokinetic model’s Vmax1 had to be changed for the aging group, implying slower enzymatic pathway. Conclusion: The toxicokinetic model did not predict well if only
the physiological parameters were adjusted for aging adults (existing model); a substance specific metabolic rate parameter was also needed.
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THE USE OF BAYESIAN METHODS FOR
UNCERTAINTY ANALYSIS AND EVALUATION OF
BIOLOGICAL HYPOTHESES IN PBPK MODELS.

J. L. Davis1, R. Tornero-Velez2, J. F. Wambaugh1 and R. W. Setzer1. 1National
Center for Computational Toxicology, ORD, US EPA, Research Triangle Park, NC
and 2National Exposure Research Laboratory, ORD, US EPA, Research Triangle Park,
NC.
Physiologically-based pharmacokinetic (PBPK) models are compartmental models
that describe the uptake and distribution of drugs and chemicals throughout the
body. They can be structured so that model parameters (i.e., physiological and
chemical-specific) reflect biological characteristics. Bayesian methods can be used
to combine prior information derived from the literature (e.g., mean values, chemical structure, and in vitro data) in the form of probability distributions on PBPK
model parameters with new information from in vivo data to determine parameter
estimates and model uncertainties. These methods can also be used to evaluate and
refine biological modeling assumptions underlying PBPK models. Using a PBPK
model developed for permethrin in rats, we combine prior information from the
literature on several of the PBPK model parameters (e.g., blood flows, partition coefficients, metabolic rate constants) with measured concentrations of both the cisand trans- isomers of permethrin in various tissues for uncertainty analysis and
model evaluation. We evaluate biological assumptions used to describe partition coefficients via Schmitt’s predictive model (2008) by comparing the model fits of two
different permethrin PBPK models. In the first version of the model, partitioning is
characterized by the explicit use of standard tissue-specific partition coefficients as
PBPK model parameters. In version two of the permethrin PBPK model, we use
Schmitt’s 2008 model based on tissue composition, solubilities, and binding properties to compute the partition coefficients for each tissue or compartment within
the permethrin PBPK model. We illustrate how Bayesian methods provide a useful
statistical framework in which to determine how well the underlying biological assumptions used to model partitioning describe the distribution kinetics of permethrin. This abstract does not necessarily reflect US EPA policy.
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INTERLEUKIN (IL) 8 AND THE IDENTIFICATION OF
POTENTIAL SKIN SENSITIZERS.

I. Kimber, G. Blunt, L. Beresford and R. J. Dearman. Faculty of Life Sciences,
Manchester University, Manchester, United Kingdom.
There has been considerable interest in the development of in vitro tests for the
characterisation of chemical allergens, such as cytokine production by dendritic cell
(DC)-like cell lines. These methods are often limited by toxicity and delivery of
lipophilic chemical allergens in culture and lack of dynamic range. We have measured IL-8 production following 24h culture of the human monocytic THP-1 cell
line with various allergens or with nonsensitising irritants. Treatment of THP-1
cells with a range of water soluble and lipophilic allergens of diverse chemistries
(dinitrohalobenzenes, potassium dichromate, resorcinol and aminophenol) resulted
in increased IL-8 expression. Although the concentrations at which cytokine secretion was stimulated spanned a relatively narrow range (generally doses that caused
10-30% decrease in cell viability), IL-8 production was selective for allergens, such
that culture with a number of irritants (at doses causing equivalent levels of cell
death) failed to upregulate this cytokine. Furthermore, an impressive dynamic
range was revealed for THP-1 cell IL-8 expression. Thus, the reference lipophilic allergen dinitrochlorobenzene (DNCB) stimulated the production of >4ng/ml
(equating to a 15-fold increase in IL-8 compared with background levels). Its water
soluble analog, dinitrobenzene sulfonic acid (DNBS), induced levels of 12ng/ml.
In addition, analysis of IL-8 expression in both supernatants and cell lysates revealed that allergens (but not irritants) stimulated increases in both secreted and intracellular levels of this cytokine. These data suggest that analysis of the production
of IL-8 by THP-1 cells may provide a sufficiently sensitive and selective marker for
the identification of chemical allergens, possibly involving a metric where total (secreted and intracellular) IL-8 is measured.
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RELATIONSHIP BETWEEN CELL INJURY, CELL
DEATH, AND ALLERGEN-INDUCED CYTOKINE
EXPRESSION.

R. J. Dearman1, G. Maxwell2, R. Pendlington2 and I. Kimber1. 1University of
Manchester, Manchester, United Kingdom and 2Unilever Safety & Environmental
Assurance Centre, Bedford, United Kingdom.
The production of cytokines such as interleukin (IL)-8 by cultured dendritic cell
(DC)-like cells has been suggested as a potential end point for the in vitro identification of chemical allergens. It is of some interest that allergen-induced IL-8 production appears to be related to cell injury and cell death. We have demonstrated
that for several cell types (including the HaCaT keratinocyte cell line), allergen-induced IL-8 production is closely associated with the profile of toxicity (with only
subtoxic doses stimulating IL-8). However, the induction of cell death by other
means, including osmolality-induced lysis or culture with a number of different
chemical irritants (eg sodium lauryl sulfate, Tween 20 and benzene sulfonic acid),
did not show the same relationship between cellular toxicity and IL-8 expression.
Furthermore, this relationship was observed only for IL-8 expression, and not for
other cytokines (IL-6 or IL-1β). Other cytokine inducing reagents (reactive oxygen
species [ROS] activators) that provoke activation of the inflammasome have been
examined also. The ROS activators uric acid, aluminium hydroxide, ATP and silica
had little effect on cell viability and provoked relatively modest increases in IL-8 but
vigorous production of IL-1β. Hydrogen peroxide did cause marked cell death, but
IL-8 expression was recorded even at doses at which >50% cell death was observed.
Thus ROS activating agents also stimulate a very different pattern of cytokine expression, and show a very different relationship to cell death compared with that
observed for the chemical allergens. The impact of diphenyleneiodonium chloride
(DPI), an inhibitor of nicotinamide adenine dinucleotide phosphate-oxidases, on
cytokine production was examined. The inhibitor had some impact on IL-8 production induced by allergen, but was unable to completely block cytokine production. These data suggest that ROS generation is playing a partial role in IL-8 production, at least by some types of allergen.
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REACTIVITY PROFILING UPDATE: REACTIONS OF
110 CHEMICALS WITH SINGLE NUCLEOPHILE
PEPTIDES.

M. Aleksic, E. Thain, O. Saib, Y. Adeleye and N. J. Gilmour. Safety &
Environmental Assurance Centre, Unilever, Bedford, United Kingdom. Sponsor: P.
Carmichael.
To establish suitable metrics and improve mechanistic understanding of the role of
reactivity in the induction of skin sensitisation we profiled reactivity of 110 chemicals of known sensitising potential and potency using previously published testing
strategy with six single nucleophile peptides; five with generic sequence
AcFAAXAA, (X=C, K, Y, H or R) and peptide H2N-FAAAAA. Qualitative and
quantitative data were obtained by incubation of individual peptides with test
chemicals at optimum pH and 1:100 concentration ratio at 37°C for 24 h using
LC-MS/MS strategies. Detailed structural elucidation of adduct(s) formed with
peptide(s) and % depletion of unchanged peptide(s) at 24h were used to assess the
potential of chemicals to cause sensitisation and their sensitising potency. Technical
reproducibility of the assay was assessed by triplicate analyses of 25 chemicals of
varying reactivity profiles. Further quantitative information was obtained by determining the rate of reaction for a limited number of chemicals using a novel fluorescence spectroscopy assay. The assay showed overall good reproducibility, however
issues were identified for both qualitative and quantitative analyses. The qualitative
data predicted ~75% of chemicals correctly as either sensitising or not sensitising
based on the output from the local lymph node assay (LLNA). Comparisons were
also made for quantitative data from individual peptides and combination of peptides to investigate the value of this data in the context of understanding human
sensitisation potency. This in chemico data set provides detailed information about
reactivity of chemicals and is aimed at inclusion into a comprehensive mechanistic
model of induction of skin sensitisation along with other key information (e.g. metabolism, oxidation, etc.) for future predictions about the safe use of chemicals
without animal testing.
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PROTEIN REACTIVITY CORRELATES WITH THE
IMPACT OF OXIDATION AND N-ACETYLATION ON
SKIN SENSITIZATION BY AROMATIC AMINE HAIR
DYES.

C. Goebel1, J. A. Troutman2, L. M. Foertsch2 and G. F. Gerberick2. 1Central
Product Safety, Procter & Gamble Service GmbH, Darmstadt, Germany and 2Central
Product Safety, Procter & Gamble Company, Cincinnati, OH.
Skin is a target of allergic reactions to aromatic amine hair dye precursors, such as
p-phenylenediamine (PPD). As conversion of these aromatic amines on or in the
skin is expected to be required for the induction of allergic contact dermatitis, the
roles of oxidation and N-acetylation were analyzed as relevant transformation steps.
Parent compounds as well as oxidative and N-acetylated derivatives were tested for
their ability to react with the nucleophilic amino acids cysteine and lysine in the
presence or absence of a peroxidase-peroxide oxidation system, as recently introduced by us. As skin protein reactivity is a key step in the development of skin sensitization, we determined whether and to what extent oxidation and N-acetylation
impacts the ability of the precursors to react with the synthetic peptides containing
cysteine or lysine. We found that mono- and di-acetylated derivatives did not exhibit any relevant reactivity towards cysteine or lysine. For the parent compounds
the incubation time required for peptide depletion was significantly decreased in
the presence of the oxidation system supporting the concept that auto-oxidation of
aromatic amine hair dye precursors can lead to increased protein reactivity. In conclusion protein reactivity findings correlate well with the Local Lymph Node Assay
(LLNA) i.e., a) relevant sensitizing potency of the parent compounds as application
in the LLNA involves exposure to air oxygen for a prolonged period and b) lack of
a sensitizing potential for the N-acetylated metabolites generated in the skin under
human exposure conditions.
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TOXICOGENOMIC INVESTIGATION INTO FALSE
POSITIVE RESPONSES IN THE LOCAL LYMPH NODE
ASSAY (LLNA).

D. Adenuga1, I. Kimber2, R. Dearman2, R. Thomas3, B. B. Gollapudi1, M. R.
Woolhiser1 and D. R. Boverhof1. 1Toxicology and Environmental Research and
Consulting, The Dow Chemical Company, Midland, MI, 2University of Manchester,
Manchester, United Kingdom and 3The Hamner Institutes for Health Sciences,
Research Triangle Park, NC.
Recent publications have highlighted certain chemistries which yield apparent false
positive responses in the LLNA when compared with guinea pig testing and human
experience. Toxicogenomics is being explored as a potential tool for characterizing
these responses with a view to increasing accuracy of sensitization predictivity. In
these investigations, gene expression profiles in the draining auricular lymph nodes
in response to 9 known chemical sensitizers (both contact and respiratory) and 7
presumptive false positives were evaluated to identify novel biomarkers for chemical
classification. Female CBA mice were exposed to equipotent doses (EC6-9) of each
test chemical per the standard LLNA dosing regimen on days 1, 2 and 3. Ear erythema and ear thickness were recorded as indicators of irritation potential. Lymph
nodes were analyzed for 3HTdR incorporation on study day 6 and gene expression
responses on study days 4, 6 and 10. Statistical analyses identified 779, 473 and 2
genes differentially expressed between sensitizers and presumptive false positives on
days 4, 6 and 10, respectively. Functional analyses identified enriched gene sets involved with innate and adaptive immune responses and regulation of peptidase activity. Differentially regulated genes unique to presumptive false positives included
transcripts with cysteine-type endopeptidase inhibitor activity that may be a reflection of differences in the regulation of antigen presentation. Others included Cd5l,
the pro-inflammatory genes Saa3, Il1b, S100a8, and the neutrophil markers Lcn2
and Mpo. Genes unique for known sensitizers included Lgals7, Il21, Thbs4, Fxyd4
and Irg1. These differential gene expression responses may provide new insights
into apparent false positive responses and are being explored in the development of
classification models for increasing the predictive value of the LLNA.
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DEVELOPMENT OF A MODIFIED LYMPHOCYTE
TRANSFORMATION TEST FOR THE DIAGNOSIS OF
DRUG HYPERSENSITIVITY REACTIONS.

M. Ko, Q. Zong, J. Whritenour, T. T. Kawabata and A. John-Baptiste. Drug
Safety, Research & Developement, Pfizer, San Diego, CA. Sponsor: W. Huang.
The lymphocyte transformation test (LTT) has been used to diagnose drug hypersensitivity in humans. To increase the sensitivity and ease in using the LTT, a modification (mLTT) was developed by Pichler and colleagues (Allergy, 2009, 64:
1269-1278). In the mLTT, peripheral blood mononuclear cells (PBMC) from the
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donor with the allergic reaction are incubated with the suspected drug and cytokines (IL-2, IL-5, IL-13, IFNγ) and granzyme B are measured in the cell culture
supernatant. The objective of these studies was to evaluate incubation times and the
ability of the mLTT to reproducibly detect positive responses against sulfamethoxazole (SM) with cryopreserved PBMC from an SM allergic donor. In addition,
specificity was determined by evaluating the cytokine responses of PBMC from the
SM allergic donor when incubated with an irrelevant drug (amoxicillin). Peak levels of IL-2, IL-5, IL-13, IFNγ, and granzyme B was observed between days 3 to 7.
Experiment-to-experiment variability for IL-2, IL-5, IL-13, IFNγ, and granzyme B
release was high but the mLTT was able to detect a positive response in 83% of 12
separate experiments (a positive is defined as 3 out of 5 endpoints having at least 2fold higher signal with SM treatment than the signal with no drug treatment [stimulation index]). The specificity of the response was 90% since only 1 of 10 experiments gave a positive response with amoxicillin exposure. In conclusion, the mLTT
assay performance appears to be robust based on repeated experiments with PBMC
from one SM allergic donor. Further evaluation of assay performance is needed
using samples from additional donors with allergic reactions to different drugs.

74

76

METHYLSELENOCYSTEINE RESETS CIRCADIAN
RHYTHM IN MAMMARY EPITHELIAL CELLS BY
ENHANCING NAD+-DEPENDENT SIRT1 ACTIVITY.

M. Fang, W. Guo, C. Lewis and H. Zarbl. Environmental Occupational Medicine,
University of Medicine and Dentistry of New Jersey, Piscataway, NJ.
DEVELOPMENT OF A DELAYED-TYPE
HYPERSENSITIVITY ASSAY TO CANDIDA ALBICANS IN
JUVENILE RATS: COMPARISON OF IN VIVO AND EX
VIVO METHODS.

M. Thorn, A. W. Hudson, S. J. Davenport, W. S. Nowland, C. J. Bowman and
M. Collinge. Pfizer, Inc. Drug Safety Research and Development, Groton, CT.
Delayed-type hypersensitivity (DTH) is a memory T cell-mediated, antibody-independent, immune response that may be used for immunotoxicity testing in nonclinical species. However, a number of current DTH assays are confounded by the
production of antibodies to the antigen. We are currently modifying a DTH
model, previously established in mouse, for use in juvenile rats to assess the effect of
immunosuppressive drugs on the developing rat immune system. The assay measures footpad swelling induced by subcutaneous footpad injection of Candida albicans (C. albicans) chitosan in rats previously immunized with C. albicans.
Antibodies to chitosan are not produced in this model. Large inter-animal variability inherent in the footpad swelling assay makes it difficult to precisely quantify the
magnitude of the immune response and inhibition by immunosuppressants. We
have developed an ex vivo assay to assess DTH in rats using IFN-gamma production by splenocytes of rats previously sensitized with C. albicans as the quantifiable
measure of DTH response. Rats dosed with dexamethasone, a known immunosuppressive compound, exhibited immunosuppression as evidenced by a reduction in
IFN-gamma production in response to C. albicans chitosan. Current data indicate
that the in vitro based DTH assay is more sensitive than the conventional footpad
swelling assay due to lower background response and smaller variability. Our ex vivo
based rat DTH assay offers a highly sensitive and quantitative alternative to the
footpad swelling assay, and may be used to assess the immunosuppressive properties
of drugs. The increased sensitivity of the ex vivo DTH assay may be useful for identifying smaller changes in response to immunosuppressive drugs, and also for
studying the responses in juvenile rats that do not yet have a fully functional immune system.
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creased EZH2 expression and this was accompanied by enhanced ZBTB4 binding
to the GC-rich sites in the EZH2 gene promoter. Moreover, betulinic acid (BA), a
phytochemical previously reported to downregulate Sp proteins in various cancer
cell lines also decreased EZH2 expression by modulating the oncogenic
miR/ZBTB4 axis. These results underscore Sps as “non-oncogene addiction“ proteins essential to maintain oncogene function and cancer phenotype during tumorigenesis. Furthermore, this is the first study showing that Sp proteins connect
oncogenic miR-ZBTB4 pathway to EZH2 regulation and that inhibition of Sp
proteins by BA will be a novel therapeutic approach that targets EZH2.

SPECIFICITY PROTEINS LINK ONCOGENIC
MICRORNA-ZBTB4 SIGNALING AXIS TO EZH2
REGULATION.

We previously demonstrated that a chemopreventive regimen of dietary methylselenocysteine (MSC) can reset and enhance the circadian expression of major clock
genes (Per2) and circadian-controlled genes (CCGs) persistently disrupted by carcinogenic N-methyl-N-nitrosourea (NMU) during early stages of mammary tumorigenesis in rat. Here we show that dietary MSC significantly enhanced the intracellular circadian oscillations in the NAD+/NADH ratio, an indicator of
REDOX status, with a peak value occurring at Zeitgeber Time (ZT8), resulting in
an increased NAD+-dependent Sirt1 activity in the mammary glands of rats at
ZT12. Moreover, dietary MSC specifically decreased acetylation of the Bmal1
(AcBmal1) transcription factor associated with E-box element within the promoter
of the Per2 gene between ZT 8 and ZT16, which negatively corresponded to the
transcriptional phase of Per2 gene. The increase of NAD+/NADH and Sirt1 activity was also temporally correlate with significantly increased oscillations in the
acetylation of lysine 9 in the histone 3 proteins (AcH3K9) associated with both Ebox and Exon1 sequences within Per2 promoter regions in mammary glands of
rats. The activating effect of MSC on NAD+-dependent Sirt1 activity was also observed in vitro when normal mammary epithelial cells (MCF10A) exposed to carcinogen were treated with MSC for 72 hrs. As was the case in vivo, the increased intracellular NAD+/NADH and increased Sirt1 histone deacetylase activity in vitro
might be responsible, at least partially, for the increased cellular AcH3K9 level observed in mammary epithelial cells. These results suggested that MSC-enhanced
circadian cycling of intracellular redox status increases the Sirt1 activity in vitro and
in vivo. Moreover, these findings indicated that the resulting decrease in AcBmal1
and increase in AcH3K9 at E-box contributes to the induction of circadian Per2 expression during chemoprevention. (Supported by NIH Grants: U19ES011387,
P30ES005022, P30ES007033)
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EPIGENETIC ALTERATIONS UNDERLIE THE
MECHANISM OF N, N-DIETHYLNITROSAMINE AND
CARBON TETRACHLORIDE CARCINOGENESIS IN
THE MOUSE LIVER.

K. Kim and S. Safe. Center for Enviromental Health and Genetic Medicine, Texas
A&M Health Science Center, Houston, TX.

T. Uehara1, K. Kutanzi2, I. Koturbash2, I. P. Pogribny2 and I. Rusyn1.
1Department of Environmental Sciences and Engineering, University of North
Carolina at Chapel Hill, Chapel Hill, NC and 2Department for Biochemical
Toxicology, National Center for Toxicological Research, Jefferson, AR.

The Enhancer of Zeste 2 (EZH2) protein is a histone methyltransferase that mediates epigenetic silencing through chromatin remodeling. EZH2 plays a pivotal role
in cell self-renewal and tumorigenesis and is frequently overexpressed in many cancers. Thus, it is important to identify pathways that regulate EZH2 expression and
to develop therapeutic strategies to target EZH2. Oncogenic microRNAs (miRs),
including miR-106b and miR-93, target ZBTB4 which functions as Specificity
proteins (Sps) repressor through competitive binding to GC-rich sequences.
Increased ZBTB4 expression by oncogenic miR depletion resulted in downregulation of Sp1, Sp3 and Sp4 proteins and Sp-dependent oncogenes, including survivin, VEGF and VEGFR1, suggesting a tumor suppressive role for ZBTB4.
Bioinformatics analysis result further revealed that EZH2 is a downstream target of
ZBTB4 and in fact, ZBTB4 overexpression repressed EZH2 expression through
downregulation of Sp proteins in MCF-7 and MDA-MB-231 breast cancer cells.
Sp1, Sp3 and Sp4 knockdown by RNA interference decreased EZH2, indicating
that Sp proteins are necessary for EZH2 expression. Chromatin immunoprecipitation and gel shift assays confirmed that Sp proteins bound GC-rich Sp binding sites
on the EZH2 promoter and ZBTB4 compete Sp protein binding at these sites.
Furthermore, transfection of miR-106b antagomiR increased ZBTB4 and de-

Human hepatocellular carcinoma (HCC), which develops mostly under conditions
of liver fibrosis and cirrhosis, has been linked to changes in the cellular epigenome.
However, despite the large body of evidence demonstrating profound cancer-linked
epigenetic abnormalities in HCC, the role that these epigenetic changes may play
in hepatocarcinogenesis is less understood. This study used a mouse model of genotoxic carcinogenesis in a fibrotic liver to test the hypothesis that epigenetic events
play a role in liver carcinogenesis. Male B6C3F1 mice were injected intraperitonealy (i.p.) with either N,N-diethylnitrosamine (DEN, single dose of 1 mg/kg)
or PBS vehicle at 15 days of age. Carbon tetrachloride (CCl4) treatment (0.2
ml/kg; i.p.; 2/week) was initiated at 8 weeks of age and continued for 9 or 14
weeks. Treatment with DEN alone resulted in few histopathological changes,
whereas treatment with CCl4 led to a severe bridging fibrosis and the development
of liver adenomas and carcinomas. In the DEN+CCl4 group, a strong synergistic
effect was observed, as evidenced by a marked increased in liver tumor incidence.
Histomorphological changes in livers of mice from CCl4 and DEN+CCl4 groups
were accompanied by the loss of global and repetitive element DNA methylation.
Hypermethylation of the Cdkn2a, Mgmt, Socs1, Cdh1, and Riz1 gene promoters
was also found in non-tumorous liver tissue in these groups; however, only hyper-
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methylation of Riz1 was associated with gene silencing. Changes in DNA methylation were associated with a decrease in histone H3 lysine 9 trimethylation, which
may be a subsequent effect of epigenetically-induced inhibition of the Riz1 gene expression. The latter correlated with tumor incidence. These findings suggest that
liver fibrosis is acting as a tumor promoter and is also affecting the cellular
epigenome during genotoxicant-induced liver carcinogenesis in the mouse.

locus, a IAP insertion in intron 1 of the SMAD5 gene, which showed a statistically
significant difference in the distribution of genotypes. SMAD5 plays an essential
role in TGFβ/BMP receptor signaling and angiogenesis (SMAD5 KO is an embryonic lethal due to a defect in angiogenesis).
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N-ACETYLCYSTEINE INHIBITS LOW-DOSE CTINDUCED INCREASES IN MURINE LUNG
TUMORIGENESIS.

M. Miller1, J. Moore1, M. Walb1, N. Kock1, A. Attia1, S. Isom1, J. McBride1,
W. Cecil1, F. Polat2, W. Zhao1, L. Miller1, A. Townsend1, K. Wheeler1 and M.
Munley1. 1Wake Forest School of Medicine, Winston-Salem, NC and 2Kocaeli
University, Kocaeli, Turkey.
Data from the National Lung Screening Trial (NLST) have suggested that computed tomography (CT) annual screening of at-risk patients can decrease lung cancer mortality by 20%. Concerns remain regarding the long term effects of radiation
exposure to the damaged lung cells of heavy smokers and ex-smokers. We previously reported that exposure of transgenic mice expressing a mutant Ki-rasG12C gene
to multiple whole-body CT doses approximating the NLST screening protocol had
a significant (p=0.01) 43% increase in tumor multiplicity. Using Affymetrix gene
chip expression profiling followed by gene ontology analysis, we identified clusters
of genes under the categories “immune response” and “oxidative phosphorylation”
that were significantly up- and down-regulated, respectively, in mutant Ki-ras expressing mice 10 min after exposure to a single 50 mGy dose of CT radiation compared to controls. We now confirm these findings in mice treated at 8 weeks of age
with 4-(methylnitrosoamino)-1-(3-pyridyl)-1-butanone (NNK) followed one week
later by 4 weekly doses of 0, 10, 30, or 50 mGy of whole-body CT radiation. Eight
months after the last fraction of radiation, mice treated with NNK and exposed to
radiation exhibited significant 1.5 to 2-fold increases in radiation-induced tumors
compared to mice treated with NNK alone. Treatment of female mice with 0.7%
N-acetylcysteine in the diet starting 3 days prior to the first CT exposure and continuing for a total of 5 weeks inhibited the CT-induced increases in lung tumor
multiplicity back to levels seen in NNK treated, unirradiated mice (p<0.05; one
tailed t-test). Our data indicate that: 1) exposure to CT radiation in sensitive populations increases the risk of tumorigenesis, 2) this effect may be mediated through
immune response and oxidative stress mechanisms, and 3) pre-treatment with an
anti-oxidant may prevent the long term carcinogenic effects of low dose radiation
exposure. (Supported by NIH grant CA136910)

S. Kakiuchi-Kiyota1, C. Heintz1, P. Lappin2, A. W. Robertson1, F. Voigt1, C.
Ty1, R. E. Huynh1, A. M. Ryan1 and N. Mathialagan1. 1Drug Safety Research and
Development, Pfizer Inc., Groton, CT and 2Drug Safety Research and Development,
Pfizer Inc., La Jolla, CA.
cFMS proto-oncogene encodes the tyrosine kinase receptor for macrophage colonystimulating factor 1 (CSF-1). Previous studies have shown that CSF-1 and cFMS
are co-expressed in tumor cells and tumor-associated stromal cells in gynecological
cancers and are involved in invasiveness and metastasis through autocrine and
paracrine mechanisms. It was also reported that glucocorticoids induced cFMS expression in the choriocarcinoma cell line through glucocorticoid receptor (GR).
Although CSF-1 level increased in the serum and tumor cells of patients with nonsmall lung carcinomas, little is known about the expression of cFMS and GR in patients with lung cancers. We postulated that cFMS expression is increased in lung
cancers through GR, an action that may promote tumor progression. To test our
hypothesis, we performed immunohistochemistry for cFMS on tissue microarrays
(TMAs) of human normal lung, lung squamous cell carcinoma (SSC) and adenocarcinoma (Ade) by using a validated anti-human cFMS specific antibody. cFMS
was uniquely stained in tumor stromal cells but not stromal cells in normal lung tissue, normal epithelium or tumor epithelium. Evaluation of lung SSC (n=63) and
Ade (n=71) samples revealed stromal cell cFMS staining in approximately 59% (37
out of 63) and 37% (26 out of 71) of the tumor samples, respectively. To investigate
whether stromal cFMS expression in lung cancers was associated with glucocorticoid signaling, GR distribution was investigated in human lung SSC and Ade
TMAs by immunohistochemistry. Stromal cell GR staining was observed only in
18% (2 out of 11) of lung SSC and 6% (1 out of 17) of lung Ade samples. These results suggest that: 1) cFMS expression is elevated in patients with lung cancers, 2)
cFMS expression is localized to stromal cells rather than tumor cells, and 3) cFMS
expression is not likely to be mediated by glucocorticoids due to the absence of GR
staining in tumor stromal cells.
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GENOTYPING FOR INTRACISTERNAL A PARTICLE
(IAP) INSERTIONS IDENTIFIES AN INTRON 1
INSERTION IN THE SMAD5 GENE AS A CANDIDATE
SUSCEPTIBILITY FACTOR FOR PPAR AGONISTINDUCED HEMANGIOSARCOMAS IN MICE.

R. D. Storer1, C. Qin1, Z. Wang1, J. Wright-Bourque1, Z. Erdos1, C.
Cunningham1, W. Glaab1, L. Mixson2, T. Skopek1, S. Galloway1, J. DeGeorge1
and F. Sistare1. 1Safety Assessment, Merck Research Laboratories, West Point, PA and
2Clinical Biostatistics, Merck Research Laboratories, West Point, PA.
Hemangiosarcoma induction by PPARγ agonists has been observed in mice but not
rats in carcinogenicity studies. To investigate the genetic basis of this susceptibility,
we studied the potential role of intracisternal A particles (IAPs), endogenous retroviral sequences that can induce cell transformation by disrupting gene expression.
We characterized IAPs in the C57Bl/6 genome, identifying 27 genes with roles in
cancer, angiogenesis, growth factor signaling, and/or apoptosis that had an embedded IAP (within, or 10 kb upstream or downstream from, the gene). We hypothesized that activation of these elements may play a role in hemangiosarcoma development by dysregulating gene expression. CD-1 mice with or without vascular
proliferative lesions induced in a 2-year study with MK-0767 (PPARαγ agonist)
were genotyped using brain DNA by QPCR for 12 genes for which CD-1 mice
were heterogeneous (+/+, +/-, or -/-) for the IAP insertion. Animals from MK0767-treated groups with increases in vascular proliferative lesions in adipose tissue
(n=96) were pooled and grouped by diagnosis: vascular hyperplasia (n=51), hemangioma (n=12) or hemangiosarcoma (n=33) and the % of mice with each diagnosis
who were +/+, +/-, or -/- for the IAP insertions was determined. Comparison of the
distribution of genotypes in mice with these proliferative lesions to the distribution
of genotypes in 84 MK-0767-treated mice (all doses) which did not have any of the
3 lesions and in 25 vehicle control mice identified 1 candidate susceptibility gene

EXPRESSION OF PROTO-ONCOGENE CFMS IN LUNG
SQUAMOUS CELL CARCINOMA AND
ADENOCARCINOMA.

THE ROLE OF PPARγ IN MAMMARY SECRETORY
EPITHELIAL CELLS DURING DMBA-INDUCED
BREAST TUMOURIGENESIS.

A. J. Apostoli1, G. Skelhorne-Gross1, R. Rubino1, M. Schneider1, S. SenGupta1
and C. Nicol1, 2. 1Pathology & Molecular Medicine, Queen’s University, CRI,
Kingston, ON, Canada and 2Division Of Cancer Biology & Genetics, Queen’s
University, CRI, Kingston, ON, Canada.
Previously, we showed PPARγ normally suppresses 7,12-dimethylbenz[a]anthracene (DMBA)-induced breast tumour progression. We are now clarifying
which cell types and mechanisms are involved. Mammary secretory epithelial
(MSE) cells rapidly proliferate before pregnancy, and apoptose and/or transdifferentiate into adipocytes following pregnancy. Given PPARγ plays a critical role in fat
cell differentiation, we hypothesized that deleting MSE-specific PPARγ enhances
DMBA-mediated breast tumourigenesis. MSE-specific PPARγ knockout (MSE
KO) mice were generated, and 12-week old post-lactational female MSE KO and
congenic wildtype (WT) controls were treated p.o. once/week for 6 weeks with
1mg DMBA. At week 7, mice were randomized to continue on a normal chow diet
(DMBA Only: WT, n=15; MSE KO, n=25) or one supplemented with a PPARγ
activating drug rosiglitazone (ROSI, 4mg/kg/day; DMBA+ROSI: WT, n=17; MSE
KO, n=24) for 25 weeks. Compared to DMBA Only-treated WT mice, MSE KOs
had a significant decrease in median survival (>25 vs 17 weeks respectively, p<0.05),
and a significantly earlier mean onset of mammary tumours (20 vs 15 weeks respectively, p<0.01). Compared to DMBA Only-treatment, DMBA+ROSI-treated
mice in either group had a modest increase in median survival and a 4-fold decrease
in mammary tumour volumes. Further, DMBA+ROSI-treated MSE KOs had delayed mean mammary tumour onset versus DMBA Only-treated mice. Breast tumour analyses suggest MSE-specific PPARγ signaling stops mammary tumour
growth, in part, by decreasing cyclin D1 expression. Interestingly, MSE cells lacking PPARγ express decreased Bax protein, which may provide a cell survival advantage after tumourigenic initiation. Together, these studies are the first to highlight
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the protective role of MSE-specific PPARγ expression and signaling in breast tumourigenesis, and add support for a chemopreventive role of PPARγ activation in
breast cancer treatment.

82

COMPREHENSIVE MAPPING OF TRANSCRIPTIONAL
AND EPIGENETIC PERTURBATIONS IN VIVO
IDENTIFIES NONCODING RNAS AS NOVEL
BIOMARKERS FOR LIVER TUMOR PROMOTION.

F. Bolognani1, H. Lempiainen1, 2, M. Arne1, C. Philippe1, V. Dubost1, R.
Luisier1, 2, J. Thomson2, E. Unterberger2, F. Hahne1, S. Brasa1, T. Zollinger1,
M. Marcellin1, J. Marlowe1, E. Oakeley1, D. Schubeler1, M. Schwarz2, R.
Meehan2, H. Ellinger-Ziegelbauer2, R. Wolf2, D. Theil1, D. Heard1, P.
Moulin1, O. Grenet1, J. Moggs1, 2 and R. Terranova1. 1Novartis Institutes for
Biomedical Research, Basel, Switzerland and 2IMI MARCAR Consortium, EU,
Switzerland.
The temporal events leading to tumorigenesis are still poorly understood. Longlasting epigenetic perturbations in gene regulation may take place at the earliest
stages of nongenotoxic carcinogenesis and their characterization will help to identify early mechanisms-based biomarkers with great impact for biomedical research.
We have used genome-wide transcriptional, microRNA, DNA methylation, chromatin modification and phosphoprotein profiling approaches anchored to
histopathological analyses to characterize the dynamics of molecular perturbations
in a 7 time-point in vivo study using a well characterized rodent liver tumor promotion model (phenobarbital (PB) treatment of B6C3F1 mice). We observed dynamic and progressive changes in the transcriptome and DNA methylome that
highlight temporal perturbations of biological pathways at early stages of tumor
promotion. Transcriptome and DNA methylome perturbations show only limited
correlations, whereas chromatin modification perturbations were strongly correlated with transcriptional changes and showed specificity to drug metabolism
genes. This integrated profiling approach has revealed a progressive increase in liver
expression levels of long noncoding RNAs (ncRNA) and microRNAs that have previously been associated with stem cell pluripotency in mice and various neoplasms
in humans. We show that the expression of selected liver ncRNA biomarkers is dependent both on the constitutive androstane receptor and beta-catenin pathways
and is maintained in PB promoted liver tumors. Investigation of the cell-type specificity and functions of these novel ncRNA biomarkers is ongoing, together with an
assessment of their potential perturbation by rodent nongenotoxic carcinogens
with distinct modes of action.

and NM effects are often similar to their ions’. Moreover, in vitro HTS allows examination of molecular targets and pathways affected by NMs. This abstract does
not necessarily reflect US EPA policy.
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M. van der Zande1, R. J. Peters1, R. J. Vandebriel2, P. J. Hendriksen1 and H.
Bouwmeester1. 1RIKILT—Wageningen University & Research Centre, Wageningen,
Netherlands and 2The National Institute for Public Health and the Environment,
Bilthoven, Netherlands. Sponsor: S. Rangarajan.
We investigated whether silver nanoparticles (AgNPs) can pass the intestines, accumulate in tissues and induce toxicity. For this, rats (n=5) were exposed to <20 nm,
non-coated or <15 nm PVP-coated AgNPs ([Ag]=90 mg/kg bw) for 28 days. Since
~10% of the Ag in the AgNP solutions is present in an ionic form, a third group
obtained Ag ions (AgNO3) equal to this fraction. As negative control, rats obtained
the carrier solution. Dissection was either at day 29 or for studying the wash-out at
day 36 or 84. Ag measurements by AAS demonstrated presence of Ag in all organs
examined with highest levels in the liver and spleen for each of the three treatments.
The Ag content was decreased at day 84 in most organs but remarkably not in the
brain and testis. The AgNP- and Ag ion-treated groups had equal tissue Ag contents, indicating that in AgNP exposed rats mainly dissoluted Ag+ and to a much
lesser extent AgNPs passed the intestines. SP-ICPMS was used to detect AgNPs in
gastro-intestinal (GI) tract, liver, spleen, kidney, lungs and blood. Remarkably,
AgNPs were not only found in the GI tract and liver of AgNP exposed rats, but also
in the Ag ion exposed rats, demonstrating formation of AgNPs from Ag+ in vivo.
AST, ALT, cytokine- and antibody testing in blood, lymphocyte proliferation and
NK cell activity analysis did not reveal acute or immunotoxicity. In contrast, whole
genome mRNA expression analysis showed several effects of AgNPs and Ag ions on
the liver with specific responses to the coating and/or size of the particles. The biological interpretation of these data is in progress. In conclusion, most likely AgNPs
are predominantly bioavailable as Ag ions, signifying equal exposure risks for
AgNPs and Ag ions. Nevertheless, transcriptomics analysis indicates that further research on the influence of coatings and size of AgNPs is necessary to ascertain that
the toxicity risks of AgNPs and Ag ions are indeed equivalent.
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NANOMATERIAL (NM) BIOACTIVITY PROFILING BY
TOXCAST HIGH-THROUGHPUT SCREENING (HTS).

A. Wang1, E. L. Berg2, M. Polokoff2, J. Yang2, D. Reif1, N. Kleinstreuer1, S.
Marinakos3, 4, A. Badireddy3, 4, S. Gangwal1, C. Matson3, 5, M. Wiesner3, 4 and
K. Houck1. 1NCCT, US EPA, Research Triangle Park, NC, 2BioSeek LLC, San
Francisco, CA, 3CEINT, Duke University, Durham, NC, 4Civil & Environmental
Engineering Department, Duke University, Durham, NC and 5Environmental
Science, Baylor University, Waco, TX.
Rapidly increasing numbers of new NMs and their uses demand efficient tests of
NM bioactivity for safety assessment. The EPA’s ToxCast program uses HTS assays
to prioritize for targeted testing, identify biological pathways affected, and aid in
linking NM properties and potential in vivo effects. NMs (Au, Ag, CeO2 , CNT,
CuO, TiO2 , SiO2 , or ZnO core) and their ion and micro counterparts were tested
for cytotoxicity in various cell types, for transcription factor (TF) activation in
HepG2 cells, and by protein expression in 8 BioMAP® human primary cell systems. Tested concentrations were from below the in vitro equivalents of the MPPD
model–predicted lung retention (mass/surface area) after 24h exposure to reported
NM concentrations in air to about the equivalent of 45yr exposure. Assay/cell sensitivities to cytotoxicity varied, but the cytotoxicity rank order was the same in various assays. Materials with the same core composition had similar bioactivity profiles, particularly NMs and their corresponding ions, except the nano-ZnO TF
profile. Principle component analysis showed TF and protein profiles were mainly
affected by core composition and not by size. MetaCore analysis showed NMs affected multiple pathways, including cellular stress and immune function regulation. Comparing our data to BioMAP® reference profiles suggested targets that
weren’t directly measured, e.g., nano-Ag had a similar profile as ciclopirox, a N+ K+
ATPase inhibitor, and nano-TiO2 to Paclitaxel, a microtubule stabilizer interfering
with mitosis. The interactions (Ag/N+ K+ ATPase; nano-TiO2 /microtubules) were
previously reported in the literature. In short, NM cores are critical to bioactivities
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BIOAVAILABILITY AND TOXICITY OF SILVER
NANOPARTICLES AFTER TWENTY-EIGHT-DAY ORAL
EXPOSURE IN RATS.

INTRAVENOUS ADMINISTRATION OF SILVER
NANOPARTICLES IN MALE MICE ALTERS LEYDIG
CELL FUNCTION AND INCREASES SERUM
TESTOSTERONE, BUT DOES NOT PERTURB
SPERMATOGENESIS.

T. Garcia1, G. M. Costa2, L. R. França2 and M. Hofmann1. 1Comparative
Biosciences, University of Illinois at Urbana-Champaign, Urbana, IL and
2Morphology, Federal University of Minas Gerais, Belo Horizonte, Minas Gerais,
Brazil.
Spermatogonial stem cells (SSCs) provide the foundation for spermatogenesis and
are vital for the perpetuation of species. Previous studies from our lab examined the
in vitro effects of silver nanoparticles (AgNPs) on an SSC cell line. Our data showed
that AgNPs interfered with SSC proliferation in a dose and size-dependent manner
and that AgNPs disrupted components of the GDNF signaling pathway, a pathway
critical for self-renewal of SSCs in vivo. If AgNPs were to induce a similar effect in
vivo, spermatogenesis and fertility would be severely impaired. To test this, CD1
male mice were given injections of vehicle and 1 mg/kg spherical AgNPs of 10nm
diameter via the tail vein every 3 days, five times, beginning at postnatal day 45.
This in vivo dose is roughly equivalent to the lowest in vitro dose with effects (10
μg/ml) from our previous studies, and ~2,000 times greater than that found in the
blood in a previous AgNP inhalation study. Body and testis weights were unaffected
at 15, 60, and 120-days post-initial treatment. Although serum levels of LH, FSH,
and Inhibin B were unaffected at 15, 60, and 120 days, testosterone was significantly increased, and significant changes in Leydig cell nucleus and individual size
(morphology) were observed at 15 and 60 days. Sperm analyses demonstrated no
changes in cauda epididymal sperm/ml and all sperm motility parameters were unaltered in AgNP mice at 15, 60, and 120 days. Likewise, the pregnancy rate and delivery success of female mice, which mated with treated males for 1 week beginning
at 15 and 60 days, did not differ from those that mated with controls. Taken together, these results demonstrate that AgNPs do not perturb SSCs in vivo as seen in
our previous in vitro studies, and despite a significant increase in testosterone,
sperm quantity and quality, and the overall fertility of male mice was unaltered
under the experimental conditions. Supported by T32ES007326
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THE SIZE AND SURFACE COATING OF NANOSILVER
DIFFERENTIALLY AFFECTS BIOLOGICAL ACTIVITY
IN BLOOD BRAIN BARRIER (RBEC4) CELLS.

B. Veronesi1, S. Mosher2, S. Simmons1, W. Ward3, A. Fisher3, B. Vallanat3 and
B. Chorley1. 1NHEERL-Integrated Systems Toxicology Division, US EPA, Research
Triangle Park, NC, 2Environmental and Molecular Toxicology Program, North
Carolina State University, Raleigh, NC and 3NHEERL-Genomics Research Core, US
EPA, Research Triangle Park, NC.
Linking the physical properties of nanoparticles with differences in their biological
activity is critical for understanding their potential toxicity and mode of action. The
influence of aggregate size, surface coating, and surface charge on nanosilver’s
(nanoAg) movement through confluent rat brain endothelial cells (RBEC4) was examined. Commercially available nanoAg of different sizes (10 nm, 75 nm) and surface coatings (PVP, citrate) were exposed (3.0-6.0 ppm) to monolayers of RBEC4
grown on coverslips or in transwell chambers. Microscopy (confocal, TEM) indicated that nanoAg particles translocate through barrier cells at different rates (30
min - 3 hr) without disrupting their tight junctions. Changes in transcellular electrical resistance (TERS) indicated that surface coating (PVP>citrate) and small aggregate size (10 nm>75 nm) facilitated this movement (15-30 min). Reporter genes
(AP-1, ARE), transfected into RBEC4 cells were significantly stimulated by 10 nm
PVP “capped” nanoAg (1 ppm, 18 hr), relative to the other nanoAg materials. The
genomic response of the cells to each nanoAg was also examined using Illumina
Expression BeadChips. PCA analysis indicated that the number and types of transcripts activated by 10nm PVP were significantly distinct from the other experimental treatments. Bioinformatic analysis (KEGG analysis, IPA) indicated that
pathways activated by the PVP 10 nm nanoAg were associated with endocytosis,
bio-energetics and oxidative stress-mediated neurodegenerative (SLCA21) diseases.
Future experiments will examine the relationship of nanoAg’s physical properties
and genomic events in brain cells (e.g., microglia, neurons) that are potential targets. (This abstract has been reviewed by NHEERL and does not necessarily reflects
EPA policy.)
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GOLD NANOPARTICLES DISRUPT ZEBRAFISH EYE
DEVELOPMENT AND PIGMENTATION.

K. Kim1, T. Zaikova2, J. Hutchison2 and R. Tanguay1. 1Environmental and
Molecular Toxicology, Oregon State University, Corvallis, OR and 2Chemistry,
University of Oregon, Eugene, OR.
The concerns regarding the potential toxicity of engineered nanoparticles (NPs) is
gaining greater attention. The zebrafish embryos exposed to cationic-functionalized, N,N,N trimethylammoniumethanethiol (TMAT), gold nanoparticles
(AuNPs) with 1.5nm core size develop smaller and pale grey eyes (i.e., microphthalmia). To determine the apoptosis resulted from AuNPs exposure, acridine orange staining, TUNEL and flow cytometry analysis of DNA content were conducted using embryonic zebrafish. In addition, gene expression profiles of putative
transcription factors involved in apoptosis (p53 and Bax), eye embryogenesis
(Pax6a, Pax6b, Otx2, and Rx1), and pigmentation (Sox10, Mitfa, and Tyrp) were
completed. There was a significant increase in apoptotic cells in AuNPs-exposed
embryos compared to control, unexposed embryos. The expression of genes controlling both eye development (Pax6a, Pax6b, Otx2, and Rx1) and pigmentation
(Sox10) were significantly down-regulated in a concentration-dependent manner.
In addition, using whole-mount in-situ hybridization, the expressions of Pax6a,
Pax6b, Sox10, and Mitfa were comparable to unexposed embryos. The overall results demonstrate that exposures to 1.5 nm TMAT AuNPs impairs vertebrate eye
development, induces apoptosis and reduces pigmentation, indicating that specific
nanoparticles can interact with and perturb developmental progression. This research is supported by NIEHS P3000210, ES016896, and Air Force Research
Laboratory #FA8650-05-1-5041.

88

IN VITRO BIODISTRIBUTION OF SILVER
NANOPARTICLES IN ISOLATED PERFUSED PORCINE
SKIN FLAPS.

T. L. Leavens1, N. A. Monteiro-Riviere1, A. O. Inman1, J. D. Brooks1, S. J.
Oldenburg2 and J. E. Riviere1. 1Center for Chemical Toxicology Research and
Pharmacokinetics, North Carolina State University, Raleigh, NC and 2nanoComposix,
San Diego, CA.
Nanomaterials are increasingly playing a role in society for uses ranging from biomedicine to microelectronics; however, pharmacokinetic studies, which will be necessary for human health risk assessments are limited. Currently, the most widely
used nanoparticle in consumer products is silver (Ag). The objective of this study
was to quantify the biodistribution of two types of Ag nanoparticles, Ag-citrate and

Ag-silica, in the ex vivo tissue perfusion system, the isolated perfused porcine skin
flap (IPPSF). IPPSFs were perfused for 4hr with 0.84μg/ml Ag-citrate or
0.48μg/ml Ag-silica followed by a 4hr perfusion with media only during a washout
phase. Arterial and venous concentrations of Ag were measured in the media by
ICP-MS. The normalized volumes of distribution estimated from the noncompartmental analysis of the venous concentrations indicated distribution of Ag greater
than the vascular space, however since total Ag was measured, the extravascular distribution could be due to Ag ions diffusing across the media. The estimated clearance for both types of Ag nanoparticles was 1 ml/min, which was equal to the flap
perfusion rate indicating that there was no detectable elimination of Ag from the
system. Venous concentrations of Ag for both types of nanoparticles were best fit
with a two compartment model in which estimated rates of distribution between
the central and peripheral compartment were similar but slower than clearance
from the central compartment due to the media flow. By 4 hrs following infusion of
the Ag nanoparticles, the recovery of Ag in the venous effluent was 90 ± 5.0% and
87 ± 22 % of the infused Ag for Ag-citrate and Ag-silica, respectively. (Supported
by NIH RO1 ES016138)
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PROTEIN ADSORPTION BEHAVIOR OF PEG-COATED
GOLD NANOPARTICLES IN HUMAN PLASMA.

P. L. Carpinone2, K. W. Powers2, D. S. Barber1 and S. M. Roberts1. 1CEHT,
University of Florida, Gainesville, FL and 2PERC, University of Florida, Gainesville,
FL.
Colloidal gold has generated a significant amount of interest as a vehicle for in vivo
therapeutic and diagnostic applications. Like most nanomaterials, gold particles
must be stabilized prior to parenteral administration to prevent rapid agglomeration and adsorption of opsonins. Suspension stability and surface passivation are
typically achieved via polymer coatings, most often involving polyethylene glycol
(PEG). Stability of the polymer coating is a critical determinant of the efficacy and
fate of the particles as a therapeutic or diagnostic agent. In this study, the stability of
the PEG coating on colloidal gold particles and its relationship to protein binding,
particle stability, and particle uptake is examined. It was hypothesized that clearance of these particles was mediated by agglomeration and/or degradation of the
protective PEG coating, allowing for opsonization and uptake from the bloodstream. PEG coated particles were incubated in human plasma over a 48h period
and analyzed for total adsorbed protein and particle size. No agglomeration was observed during this period; however the particles showed a continuous increase in
adsorbed protein beginning after approximately 2 hours of incubation. PEG coated
particles were also administered via tail-vein injection to ICR mice and the total
gold content in the blood, liver, and spleen were monitored over 48h after the dose.
Approximately 2h after dosing, the concentration of gold in the bloodstream began
to decrease while the tissue concentrations began to increase, paralleling the protein
binding behavior of the particles. Taken together, these results suggest that after approximately 2h, the PEG coating has degraded to a point at which it is no longer effective at resisting protein adsorption. Although still well dispersed, once this layer
of protection has been lost, the particles can be readily recognized by the body and
removed from circulation by the liver and spleen.
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USE OF AN INTESTINAL CO-CULTURE MODEL TO
STUDY THE EFFECTS OF Ag AND TiO2
NANOPARTICLES: MUCUS PROTECTIVE ROLE AND
SIZE DEPENDENT EFFECTS.

A. Georgantzopoulou1, M. Kruszewski3, A. Lankoff3, M. Dusinska4, J.
Audinot2, L. Hoffmann1 and A. C. Gutleb1. 1EVA, Centre de Recherche Public—
Gabriel Lippmann, Belvaux, Luxembourg, 2SAM, Centre de Recherche Public—
Gabriel Lippmann, Belvaux, Luxembourg, 3Centre for Radiobiology and Biological
Dosimetry, Warszawa, Poland and 4Norwegian Institute for Air Research, Kjeller,
Norway. Sponsor: B. Blömeke.
Nanoparticles (NPs) have hundreds of applications, from medicine to personal care
products. The increasing production and use of NPs will unavoidably lead to their
release in the environment with the potential of unpredictable effects. The aim of
this study was to establish a more relevant intestinal co-culture model with the use
of Caco-2 and HT29-MTX (mucus secreting) cell lines and employ the model for
the evaluation of the effects of Ag (20 and 200 nm) and TiO2 (21 nm) NPs and Ag
ions. In addition, their uptake was evaluated with Nanoscale Secondary Ion Mass
Spectrometry (NanoSIMS 50). After 14 days the mucus layer completely covered
the monolayer of differentiated cells seeded at a ratio of 90:10 (Caco-2:HT29MTX). An overall higher metabolic activity compared to the untreated control was
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found in the co-culture for all particles. The co-culture system showed a significantly lower response to reactive oxygen species (ROS) formation upon exposure to
H2O2 (2-hour exposure, DCFH-DA assay). However, induction of ROS formation
was observed upon Caco-2 exposure to 100 mg/L TiO2 NPs (20% increase) with a
decreased response of both HT29-MTX and the co-culture. Ag 20 nm caused a 4and 6-fold increase in IL 8 release at 30 and 100 mg/L, respectively. Ag was also
found inside the cells when exposed to Ag 20 nm NPs whereas this was not observed upon exposure to Ag 200 nm. In conclusion, the co-culture model could be
more relevant as the mucus layer potentially traps and prevents NPs from reaching
the epithelium. An overall protective effect against oxidative stress and metabolic
activity decrease was observed. Ag NPs induced size-dependent effects on IL 8 release that could not be attributed solely to ions. Furthermore, the NanoSIMS 50
could be a useful tool for NP uptake evaluation and intracellular localisation.
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ACUTE VASCULAR EFFECTS OF NANOPARTICLE
INFUSION IN ISOLATED PERFUSED SKIN.

J. E. Riviere, T. L. Leavens, J. D. Brooks and N. A. Monteiro-Riviere. Center for
Chemical Toxicology Research and Pharmacokinetics, North Carolina State University,
Raleigh, NC.
Engineered nanomaterials are widely used in various biological and industrial applications. Their safety profile has largely been defined from in vivo inhalational exposures or using various in vitro cell-based techniques. Some concern has arisen to
their potential adverse effects in the vascular system as evidenced by endothelial cell
toxicity or deposition of particles in endothelial cell walls. In the process of conducting biodistribution studies in the ex vivo isolated perfused porcine skin flap
(IPPSF) with arterial infusion of nC60, quantum dots (QD), citrate or silica coated
silver, SPION or silica-coated Fe2O3 nanoparticles; two vascular-related phenomenon, which were significantly different from perfusion with organic chemical
IPPSF studies, were seen with all nanomaterials except for nC60. Vascular resistance
profiles during perfusion and skin flap weights prior to and following perfusion
have been collected on all 3,600 IPPSFs conducted over the past few decades, providing a robust database on which to assess vascular changes. The most pronounced
and earliest effect of nanomaterial was an increase in arterial vascular resistance during perfusion. This was accompanied by increases in perfused skin flap weight, possibly indicative of edema or vascular congestion. These studies suggest that systemic
exposure to a number of diverse nanomaterials may have adverse effects on the vascular physiology that merits further attention when conducting in vivo studies.
(Supported by NIH R01 ES016138)
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BIOLOGICAL EQUIVALENT-BASED RISK
ASSESSMENT—THE CASE OF BPA AND HCHO.

D. A. Sarigiannis1, 2 and S. P. Karakitsios1, 2. 1Chemical Engineering, Aristotle
University of Thessaloniki, Thessaloniki, Greece and 2Chemical Process Engineering
Research Institute, Centre for Research and Technology Hellas, Thermi, Greece.
The work deals with the refinement of Risk Characterization Ratio (RCR) calculation for Bispenol-A and HCHO by employing the concept of Biological
Equivalents (BEs).
To utilize the concepts of BEs, the appropriate internal dose modeling was employed. The models developed were a multi-compartmental mother-fetus PBPK
model for BPA, while the corresponding PBPK model for HCHO describes the
formation of DPX (an HCHO-DNA adduct) in the nasopharyngeal cavity. The BE
for BPA was estimated (equal to 0.16 μg/L) by calculating the steady-state concentration of free-plasma BPA for a typical adult, receiving orally an amount equal to
the one suggested by EFSA TDI (50 μg/kg-bw) at a constant rate. For HCHO, the
BE for DPX was taken equal to 3.10-5μM, defined as the point of departure for the
initiation of early biological responses linked to carcinogenesis as quantified in several toxicological tests. The use of BE allowed a significant refinement of RCR characterization. In the case of BPA, significant differences in the bioavailability arise
due to differences in exposure route (up to six time higher internal exposure for the
same uptake rate if exposure route is inhalation) and the maturity of detoxification
pathway (significantly decreased glucuronidation capacity in neonates). Thus, specific exposure scenarios (such as inhalation of BPA due to occupational exposure, or
premature neonates hosted in intensive care units) indicating an overall daily uptake below EFSA TDI, correspond to an internal dose value close to or even higher
than the derived BE.
On the contrary, the corresponding BE of HCHO is rarely reached. It was found
only under a combination of worst case assumptions such as very high ambient
HCHO concentration (beyond 50-60 μg/m3), a long duration of exposure (1-2
hours) and very susceptible population, indicating that the existing exposure limits
proposed by several regulatory bodies are rather conservative.
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GENOME-WIDE GENE EXPRESSION ANALYSIS OF
CR(VI) EFFECTS IN FISHER RAT SMALL INTESTINAL
EPITHELIUM.

S. Kim1, A. K. Kopec1, A. L. Forgacs1, C. M. Thompson2 and T. R.
Zacharewski1. 1Biochemistry & Molecular Biology, Center for Integrative Toxicology,
Michigan State University, East Lansing, MI and 2ToxStrategies, Inc., Katy, TX.
Chronic exposure to hexavalent chromium [Cr(VI)] as sodium dichromate dihydrate (SDD) leads to intestinal tumors in mice, and oral cancers and mild hypoferremia in rats. In this study, the dose-dependent gene expression effects of SDD
(0.3-520 mg/L) were evaluated in female Fischer rat duodenal and jejunal epithelia
following 7 and 90 days of exposure in drinking water. Agilent 4x44K wholegenome microarrays identified 3269 and 1815 duodenal, and 4557 and 1534 jejunal differentially expressed genes (|fold change|>1.5, P1(t)>0.999) at days 8 and 91,
respectively. Comparisons at day 8 showed significant overlap (2312 genes) between duodenal and jejunal gene expression, with the former exhibiting greater efficacy (i.e. maximum fold change). The overlap was ~50% lower at day 91 with
comparable fold inductions in both tissues. Automated analysis identified 744 and
310 duodenal and 1021 and 167 jejunal genes exhibiting sigmoidal dose-response
profiles at 8 and 91 days, respectively. At 8 days, the interquartile EC50 range overlapped between duodenum and jejunum, but the median EC50 was ~10 times
lower in duodenum (5 mg/L) compared to jejunum (52 mg/L). At 91 days, the median EC50 values were comparable between duodenum (49 mg/L SDD) and jejunum (59 mg/L SDD). Functional annotation identified differential expression associated with oxidative stress, cell cycle, cell death and immune response, consistent
with changes in GSH/GSSG levels, crypt hyperplasia, apoptosis and inflammation.
QRT-PCR confirmed induction of oxidative stress genes, including Gpx2 and Gclc.
Genes involved in dietary iron absorption/transport were also repressed, suggesting
SDD may interfere with iron homeostasis. These results indicate that, like the
mouse, the rat intestinal epithelium is responsive to Cr(VI). Comparisons of gene
expression changes in rats and mice should inform the mode of action underlying
the different tumor outcomes in the small intestine. Funded by the ACC Cr(VI)
Panel.
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ASSESSMENT OF GENOTOXIC POTENTIAL OF CR(VI)
IN THE MOUSE DUODENUM VIA TOXICOGENOMIC
PROFILING.

C. M. Thompson1, J. G. Hixon2, A. K. Kopec3, M. A. Harris1, D. M. Proctor4
and L. C. Haws2. 1ToxStrategies, Katy, TX, 2ToxStrategies, Austin, TX, 3Michigan
State University, East Lansing, MI and 4ToxStrategies, Rancho Santa Margarita, CA.
Chronic exposure to high concentrations of hexavalent chromium [Cr(VI)], in the
form of sodium dichromate dihydrate (SDD), in drinking water has been shown to
induce intestinal tumors in mice. As a part of a larger study investigating the mode
action (MOA) underlying these tumors, whole-genome microarray data were collected from the mouse duodenum after 7 days of exposure to 0.3-520 mg/L SDD
in drinking water. Analysis of Cr(VI)-induced differential intestinal gene expression
was conducted and compared to a set of genes previously analyzed for their ability
to discriminate genotoxic and nongenotoxic carcinogens in rats following short
term (≤14 days) exposure to 8 hepatocarcinogens. To allow for direct comparison
between the two studies, significant ortholog gene changes from the rat studies
were mapped to mouse data from the Cr(VI) study using HomoloGeneIDs. Genes
from 7 categories (e.g. oxidative stress/DNA response, oxidative stress/protein damage response) were highlighted for potentially distinguishing between genotoxic
and nongenotoxic carcinogens. There were 139 significantly altered rat genes
among these 7 categories, of which 116 orthologs could be mapped to mouse gene
expression in the 520 mg/L SDD treatment group. Principal components analysis
of these orthologs reduced the dataset to 3 principal components, accounting for
~82% of the overall variance. Cluster analysis with the principal components indicated that the 4 genotoxic carcinogens clustered together, and apart from the 4
nongenotoxic carcinogens. When gene expression data for Cr(VI) was analyzed, it
clustered closely with the nongenotoxic carcinogens. These findings, together with
other results from our MOA studies, lend support to the hypothesis that Cr(VI)
acts through a nonmutagenic MOA in the mouse small intestine.
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COMPARATIVE TOXICOGENOMIC ANALYSIS OF
CR(VI) EFFECTS IN RAT AND MOUSE SMALL
INTESTINE.

A. K. Kopec1, A. L. Forgacs1, S. Kim1, C. M. Thompson2 and T. R.
Zacharewski1. 1Biochemistry & Molecular Biology, Center for Integrative Toxicology,
Michigan State University, East Lansing, MI and 2ToxStrategies, Inc., Katy, TX.
Continuous drinking water exposure to hexavalent chromium [Cr(VI)] as sodium
dichromate dihydrate (SDD) is linked to intestinal tumor development in mice but
not rats. In this study, the dose-dependent gene expression effects of SDD (0.3-

520mg/L) were evaluated in female Fischer rat and B6C3F1 mouse duodenal
(Duo) and jejunal (Jej) epithelia following 7 and 90 days of drinking water exposure. Using HolomoGeneID, 13899 orthologs were identified as represented across
the mouse and rat whole-genome 4x44K Agilent microarrays. At day 8, comparative analysis (|fold change|>1.5, P1(t)>0.999) identified 5013 differentially expressed mouse orthologs compared to 2790 rat orthologs in the Duo, with comparable numbers of orthologs (rat 3782, mouse 3334) in the Jej. Ortholog
comparisons at day 91 suggest mouse Duo (3484) and Jej (3620) are ~2.5 times
more responsive to Cr(VI) compared to rat Duo (1504) and Jej (1305). Automated
dose-response modeling suggests the mouse had more orthologs exhibiting a sigmoidal dose-response compared to the rat, although the median EC50s were overall comparable (39-55 mg/L SDD). Functional annotation identified differentially
expressed orthologs associated with oxidative stress, cell cycle, cell death and immune response, consistent with changes in GSH/GSSG levels, hyperplasia, apoptosis and inflammation. Several differentially expressed orthologs exhibited speciesspecific expression that was verified by QRT-PCR. For example, genes associated
with inflammation (Ccl24: Émouse, Ñrat; C3: Érat, Ñmouse), transport (Scl25a25:
Érat, Ñmouse) and growth (Areg: Émouse, Ñrat) exhibited divergent expression.
Implications of these analyses for the mode of action for Cr(VI)-induced intestinal
carcinogenesis will be discussed. Funded by the ACC Cr(VI) Panel.
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MODE OF ACTION FOR INTESTINAL
CARCINOGENESIS OF INGESTED HEXAVALENT
CHROMIUM IN MICE.

D. Proctor1, C. M. Thompson2, M. Suh1, L. C. Haws3 and M. A. Harris2.
1ToxStrategies, Inc., Rancho Santa Margarita, CA, 2ToxStrategies, Inc., Katy, TX and
3ToxStrategies, Inc., Austin, TX.
Chronic ingestion of hexavalent chromium (Cr(VI)) has been shown to cause small
intestinal tumors in mice at concentrations ≥ 60 mg/L of sodium dichromate dihydrate (SDD). To assess the mode of action (MOA) for carcinogenesis in rodents and
relevance to humans, we conducted 90-day drinking water studies in both rats and
mice, with collection of histopathological, biochemical, toxicogenomic, and pharmacokinetic data, as well as measures of DNA modification at concentrations of
0.3-520 mg/L SDD. These studies were designed to assess whether intestinal tumors are initiated through a mutagenic or non-mutagenic MOA. After 7 days of exposure, change in redox status (decreased GSH/GSSG) occurred ≥ 60 mg/L in the
mouse duodenum; cytotoxicity in the villi and apoptosis in the crypt were observed
at ≥ 170 mg/L; and crypt hyperplasia was observed at 520 mg/L. At day 91, these
effects progressed, each occurring at lower doses, with changes in redox status starting at 14 mg/L. Cytogenetic examinations of intestinal crypts revealed apoptosis at
the highest two concentrations, but no increase in micronuclei. Toxicogenomic
findings demonstrated oxidative stress and regenerative responses consistent with
the biochemical and histopathology findings, including activation of Nrf2 target
genes. DNA repair gene activation occurred primarily at day 8 at ≥ 170 mg/L, and
was more consistent with a non-mutagenic profile and cellular regeneration.
Mutations of codon 12 of k-ras were not elevated at any dose following 90 days of
exposure. Together, these findings indicate a point-of-contact response for Cr(VI)
with the epithelium of the small intestine, and a MOA consistent with chronic tissue damage, cytotoxicity in the villi, and compensatory crypt epithelial cell proliferation. Overall, several lines of evidence support a non-mutagenic MOA for intestinal carcinogenesis in mice exposed to SDD in drinking water.
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PROVISIONAL ADVISORY LEVEL (PAL)
DEVELOPMENT FOR MERCURY AND INORGANIC
MERCURY COMPOUNDS.

C. S. Wood1, G. Henningsen2, M. McClanahan3 and F. Adeshina4. 1Oak Ridge
National Laboratory, Oak Ridge, TN, 2Front Range Environmental Toxicology,
Monument, CO, 3CDC, Retired, Lilburn, GA and 4US EPA, Washington, DC.
PAL values developed for hazardous materials by the US EPA represent general
public emergency exposure limits for oral and inhalation exposures corresponding
to three different severity levels (1, 2, and 3) for 24-hr, 30-d, 90-d, and 2-yr durations. PAL 1 represents the threshold for mild effects; PAL 2 represents the threshold for serious, irreversible or escape-impairing effects; PAL 3 represents the threshold for lethal effects. PALs have not been promulgated nor have they been formally
issued as regulatory guidance. They are intended to be used at the discretion of risk
managers in emergency situations when site specific risk assessments are not available. Application of PAL protocols has been performed for mercury to estimate oral
and inhalation exposure limits.
Inhaled elemental mercury is readily absorbed by the lungs. Following oral exposure, little toxicity has been seen with elemental mercury due to almost no absorption of the insoluble element by the gastrointestinal tract. Absorption of inorganic
mercury salts varies depending on the solubility of the individual compound. The

main target organs are the kidney and the nervous system. Oral PALs, derived from
data on mercury salts, were based on kidney lesions, body weight or mortality. Oral
PAL 1, 2, and 3 values are 5.8, 8.9, and 26 mg/L for 24-hr; 0.35, 0.65, and 1.3
mg/L for 30-/90-d; NR (not recommended), 0.19, and 0.47 mg/L for 2-yr.
Inhalation exposure resulted in nervous system effects and lethality. Inhalation PAL
1 is NR for 24-h/30-d/90-d and 0.00063 mg/m3 for 2-yr. Inhalation PAL 2 is
0.028 mg/m3 for 24-h/30-d/90-d and 0.0021 mg/m3 for 2-yr. Inhalation PAL 3 is
0.055 mg/m3 for 24-hr/30-d/90-d and NR for 2-yr.
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DEVELOPMENT OF A UNIT RISK FACTOR FOR
NICKEL AND INORGANIC NICKEL COMPOUNDS
BASED ON AN UPDATED CARCINOGENIC TOXICITY
ASSESSMENT.

D. D. McCant1, J. T. Haney1, R. L. Grant1, R. L. Sielken2 and C. ValdezFlores2. 1Toxicology Division, Texas Commission on Environmental Quality, Austin,
TX and 2Sielken & Associates Consulting, Inc., Bryan, TX.
It is important for the TCEQ to conduct up-to-date assessments of all carcinogens
(including nickel) emitted in Texas based on the latest scientific data and analyses.
For nickel, because there are industrial emission sources in Texas which may increase air concentrations in neighboring communities and the expected nickel
species exposure profile from Texas sources is different than that of nickel refinery
workers, it was important to use studies with more environmentally-relevant exposures to help ensure generalizability to the Texas public (i.e., the most predictive
toxicity factor possible). Consequently, the TCEQ has developed an inhalation unit
risk factor (URF) for nickel based on excess lung cancer in two epidemiological
studies of nickel refinery workers with nickel species exposure profiles most similar
to emissions expected in Texas (i.e., low in sulfidic nickel). One of the studies
(Enterline and Marsh 1982) was used in the 1986 USEPA assessment, while the
other (Grimsrud et al. 2003) is an update to an earlier study (Magnus et al. 1982)
used by USEPA but not known to have been used previously to derive URF estimates. The linear multiplicative relative risk model with Poisson regression modeling was used to obtain maximum likelihood estimates and asymptotic variances for
cancer potency factors (β) using cumulative nickel exposure levels versus observed
and expected lung cancer mortality (Enterline and Marsh 1982) or lung cancer incidence cases (Grimsrud et al. 2003). Life-table analyses were used to develop URFs
for each of the two studies, which were then combined using weighting factors relevant to confidence to derive the final URF for nickel of 1.7E-04 per μg/m3. The
de minimis air concentration corresponding to a 1 in 100,000 extra lung cancer risk
level is 0.059 μg/m3. The TCEQ will use this conservative value to protect the general public in Texas against the potential carcinogenic effects from chronic exposure
to nickel.
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THE USE OF SURROGATE DATA AND CHEMICAL
ESTIMATION METHODS IN THE DEVELOPMENT OF
A UNIT RISK VALUE FOR CUMENE (1METHYLETHYLBENZENE).

J. P. Brown, A. G. Salmon, M. A. Marty and G. V. Alexeeff. Air Toxicology and
Epidemiology, OEHHA/CalEPA, Oakland, CA.
Cumene (1-methylethylbenzene) has demonstrated clear carcinogenicity in mice
and rats (NTP, 2009) and is structurally similar to ethylbenzene, toluene, styrene,
xylene and benzene. Like other alkylbenzenes cumene may undergo side chain or
ring oxidation via cytochrome P450. Likely metabolites would include 4-isopropylphenol and the corresponding catechol, dimethylphenylcarbinol, quinone methide, and 4-isopropyl quinone. Although no PBPK model for cumene was identified in the published literature, models for ethylbenzene and related aromatics
(o-xylene, toluene, benzene) have been published. In order to assess internal
dosimetry of cumene in the rodent bioassays our approach was to use ethylbenzene
metabolic parameters as a surrogate for cumene in a PBPK model and derive chemical parameters for cumene with chemical estimation methods. We then compared
PBPK-derived internal dose metrics with applied doses in ability to fit the quantal
tumor incidence data. The metabolic parameters from ethylbenzene were Vmax =
7.6 mg/hr/kg0.74 and Km = 0.1mg/L. Four sets of cumene partition coefficients
were developed using different estimation methods and evaluated in mouse and rat
PBPK models. The modeled dosimetry (metabolized dose) gave superior fits to the
most sensitive site tumor data for female mice (lung) compared to the applied dose.
For alveolar and bronchiolar adenomas and carcinomas combined the best estimate
benchmark dose and fit statistics were BMD10 = 11.2, BMDL10 = 7.2 mg/kg-d;
Χ2 = 0.25, and P = 0.62. The slope factors for mice and humans were 0.014 and
0.084/mg/kg-d, respectively. The latter value would correspond to a unit risk value
of approximately 0.012/mg/m3 assuming a default low dose uptake of 50%.
Potency values obtained through PBPK modeling were about twice the values based
on applied doses. Several of the parameter sets gave similar values indicating the robustness of the approach.
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CARCINOGENIC RISK ASSESSMENT FOR THE USE OF
METHYLENE BLUE IN DAIRY COWS.

T. Zhou, K. Gaido, J. Qiu, J. Oriani and K. Ekelman. Center for Veterinary
Medicine, US FDA, Rockville, MD.
Methylene blue (MB), though not approved as an animal drug by FDA, is used as
a food-animal antidote for nitrate poisoning because there is no viable alternative.
CVM recommended in 1990s a 180-day preslaughter withdrawal period in ruminants. Since then, new information has emerged including total residue data and a
2008 NTP study report. Therefore, the purpose of this evaluation was to determine
if the previously recommended 180-day withdrawal time for both edible tissue and
milk could be reduced. To achieve such a goal, we followed a step-by-step approach.
First, the NTP report (NTP TR 540) was evaluated and we concurred with the
finding that MB is genotoxic and carcinogenic. Second, we calculated So, the concentration of total residue of carcinogenic concern of the test compound in the
total diet of test animals that corresponds to a maximum lifetime risk of cancer in
the test animals of 1 in 1 million. We allocated 70% and 30% of the So to tissue
and milk, respectively. Third, we used the allocated So to derive Sm, the permitted
concentration of residues of carcinogenic concern in a specific edible product.
Fourth, we reviewed the available residue data for MB in tissues and milk, and
found that neither the depletion rate of MB in tissues down to Sm concentration
nor the depletion rate of MB in milk could be established. Based on the above assessment of the carcinogenic concern of MB and residue information, we conclude
that (1) the available residue data are not sufficient to allow a shorter than 180-day
withdrawal time for both tissue and milk, (2) a depletion study for total residues
(typically 14C-radiolabel) with adequate sampling times and number of animals is
needed in order to determine the depletion profile of MB in tissues and milk, and
(3) the Food Animal Residue Avoidance & Depletion Program (FARAD) recommended 14-day withdrawal period for edible tissues and 4-day milk discard time
for MB is not supported by the information available to CVM.
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CONSIDERING MODE OF ACTION IN ESTIMATING A
NSRL FOR 3-MCPD.

P. Sheehan1, K. Bogen1, G. Brorby2 and S. Holm3. 1Exponent, Oakland, CA,
2ToxStrategies, Vallejo, CA and 3Georgia Pacific LLC, Atlanta, GA.
Pursuant to California’s Safe Drinking Water and Toxic Enforcement Act of 1986
(Proposition 65), 3-monochloropropane-1,2-diol (3-MCPD) was listed as a carcinogen on October 8, 2010. As neither California EPA nor U.S. EPA has developed a cancer potency estimate (i.e., slope factor [SF*]) for 3-MCPD that could
serve as a basis for a no-significant-risk level (NSRL), an independent risk assessment was conducted. SF*s for 3-MCPD were estimated using available experimental bioassay data for male and female Fischer 344 and Sprague-Dawley rats administered 3-MCPD for 2 years via drinking water. A multistage cancer risk
extrapolation model was implemented by applying a bootstrap Monte Carlo procedure to the rat data. Based on information indicating a sole non-genotoxic mode of
action (MOA) for 3-MCPD-induced killing of testicular cells, data pertaining to
Leydig cell tumors were excluded for potency analysis. The highest plausible SF* estimate obtained was an aggregate value pertaining to mammary, renal tubule and
pancreas islet cell tumors significantly elevated in male Fischer rats. However, available evidence clearly indicates that a non-genotoxic/nonlinear MOA either caused
or at least contributed to some or most if not all of those elevated tumor risks. One
way to reflect such evidence is to reduce the calculated SF* by a modifying factor
that appropriately and explicitly expresses the expected or (in regulatory contexts)
minimum magnitude by which the unmodified SF* value overestimates true cancer
potency at relevant environmental levels of exposure. This approach is fully consistent with Proposition 65 requirements, insofar as they provide for modified risk-estimation procedures supported by strong metabolic and pharmacokinetic evidence
on which there is a scientific consensus. All the modifying factors considered and
the strength of the evidence will be discussed. This approach produces alternative
NSRLs that appropriately reflect available MOA data for 3-MCPD clearly indicating a dual mode of action for induced tumors.
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DEATH BY CAFFEINE: INTENTIONAL POISONING OF
A DOG.

S. N. Tawde, B. Puschner, S. Stump and R. H. Poppenga. California Animal
Health & Food Safety Laboratory, University of California Davis, Davis, CA.
A 4 year old, 37 kg, male German Shepherd developed hyperthermia, tachycardia
and agitation following consumption of ground meat found in the backyard. When
presented to a veterinary clinic, plasma ethylene glycol testing was positive, and the
dog was treated accordingly. Approximately 11 hours post-exposure, the dog died.
Among tissues submitted for toxicological analysis, urine was negative for ethylene
glycol, no drugs of abuse were detected in the source material (meat) and gastric
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contents were negative for phosphine and metaldehyde. GC/MS analysis of gastric
contents confirmed the presence of caffeine. Caffeine concentration in the bait
sample was estimated at 1%. Caffeine is a methylxanthine alkaloid with a reported
canine oral median lethal dose (MLD50) of 140 mg/kg (range 120-200 mg/kg).
Acute intoxication affects the cardiovascular (positive chronotropic and dromotropic effects), pulmonary, neurologic, gastrointestinal and metabolic systems.
Commercially available 200 mg tablet formulations of caffeine were considered to
be a possible source, based on the relative ease of bait formulation. Based on the
oral MLD50, the dog would need to ingest approximately 500-550 g of bait to
reach a potentially lethal dose. Although no tablet remnants were observed in the
bait, tablets could have been crushed and/or dissolved. Other caffeine sources include guarana, brewed coffee and caffeine-containing beverages. Based on history,
clinical signs, the detection of caffeine in the gastric contents and bait, a presumptive diagnosis of intentional caffeine poisoning was made. The lack of a full pathological evaluation limits the elimination of other causes of acute death. While few
cases of accidental ingestion of caffeine by dogs have been described, the intentional
use of a concentrated caffeine source to kill a dog has not been previously reported
and warrants awareness by veterinarians and diagnostic professionals.
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A QUANTITATIVE RISK ASSESSMENT OF 2, 3PENTANEDIONE, BASED ON PRELIMINARY DATA.

D. A. Dankovic1 and D. L. Morgan2. 1Risk Evaluation Branch, CDC/NIOSH,
Cincinnati, OH and 2Respiratory Toxicology, NIEHS, Research Triangle Park, NC.
Only preliminary (pilot study) toxicity data are currently available for the food flavoring 2,3-pentanedione (PD). However, it is possible to compare the pilot study
data for PD to similar data for diacetyl and derive an estimate of the relative toxicities of PD and diacetyl in mice. PD data were taken from a study described by
Morgan et al. [2010] (Toxicologist 114(1):316) and compared to a diacetyl pilot
study, Morgan et al [2008] (Tox. Sci. 103(1):169-180. In the PD study, rats and
mice (6/dose group) were exposed to 0, 50, 100, or 200 ppm for 2 weeks + 2days.
In the diacetyl study, male C57Bl/6 mice (5/dose group) were exposed to 0, 25, 50,
or 100 ppm for either 6 or 12 weeks. The pathology produced by both chemicals
was very similar, affecting nasal tissue most severely but also the trachea, larynx, and
bronchi. Benchmark dose analysis compared the BMD50s for nasal suppurative exudate in male mice, and for bronchial inflammation in male mice for diacetyl and
female mice for PD. Comparing the PD data to the 6-week diacetyl data for the
nasal suppurative exudate endpoint, PD appears to be 73% (95% CI 30-177%) as
potent as diacetyl. Comparing the PD data to the 6-week diacetyl data for the
bronchial inflammation endpoint, PD appears to be 53% (95% CI 18-158%) as
potent as diacetyl. Comparisons to the combined 6 + 12-week diacetyl data yield
toxicity ratios of 67% (95% CI 32-141%) for the nasal endpoint, and 58% (95%
CI 22-153%) for the bronchial endpoint. Although the central estimates suggest
that PD may be somewhat less potent than diacetyl for the endpoints in question,
given the wide confidence limits equipotency of PD and diacetyl cannot be ruled
out based on the current data. The findings and conclusions in this report are those of
the authors and do not necessarily represent the views of the National Institute for
Occupational Safety and Health or the National Institute of Environmental Health
Sciences.
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US EPA’S PROPOSED TOXICITY VALUES FOR TCDD:
IMPLICATIONS FOR DECISION-MAKING REGARDING
THE SAFETY OF FOODS IN THE UNITED STATES.

L. Haws, L. Fitzgerald, K. Burkhalter, M. Harris and D. Wikoff. ToxStrategies,
Austin, TX.
USEPA recently released a draft RfD (0.7 pg/kg-d) and oral CSF (0.001 pg/kg-d-1)
for 2,3,7,8-TCDD. The CSF equates to intakes of 0.1–0.001 pg TEQ/kg-day at
10-4-10-6 risk levels, respectively. These intakes are substantially lower than tolerable daily intakes (TDIs) developed by other regulatory and public health agencies
(eg, JECFA has established a provisional tolerable intake equivalent to 2.3 pg/kg-d),
as well as considerably below estimated breastmilk intakes (242 pg/kg-d). Our objective was to compare intakes of dioxin-like compounds (DLCs) from US foods to
intakes associated with the USEPA draft toxicity values as a means of assessing the
implications of these values. Daily intakes were based on USFDA estimates of average total dietary intakes of DLCs, which were calculated using data from the Total
Diet Study and consumption data from USDA. Risk and hazard were estimated
using standard equations and exposure factors for child, adolescent, adult and ageadjusted scenarios. Daily intakes from food greatly exceeded the intakes associated
with the CSF at all risk levels for all age groups. Daily intakes also exceeded the RfD
for a number of infant, child and adolescent age groups. The cancer risk associated
with lifetime dietary DLC exposure (3x10-4 to 9x10-4) was above USEPA’s acceptable risk range. The noncancer hazard estimates were found to exceed the USEPA’s
target HQ of 1 for children (2.4), adolescents (1.4) and the age-adjusted group
(1.3) when the full value of the detection limit was imputed for non-detects (NDs).
In contrast, when intakes were compared to the JECFA value, which is protective of

both cancer and noncancer, results indicated that daily intakes are below the level of
concern for all age groups, regardless of the value imputed for NDs. Collectively,
these data indicate that different conclusions about the toxicity of TCDD lead to
substantially different conclusions regarding the safety of foods, and demonstrate
the importance of using best available science rather than simply relying on precautionary approaches.
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ASSESSMENT OF RISKS TO CHILDREN EXPOSED TO
HYDROCARBON CONSTITUENTS FROM THE GULF
OF MEXICO OIL SPILL.

A. Pawlisz. CRA, Dallas, TX.
On April 20, 2010, an oil exploration platform, DeepWater Horizon, located approximately 41 miles off the Louisiana coast, failed causing a release of crude oil at
the depth of 5,000 feet. This event has been named as the largest offshore oil spill
in the US history. By July 4, 2010, surface oil came onto populated shorelines of
Louisiana, Mississippi, Alabama, and Florida. On July 15, 2010, the leak was
stopped and the well was officially sealed on September 19, 2010. However, approximately 185 million gallons (MG) of crude oil was released into the Gulf of
Mexico. Moreover, a total of 1.8 MG of dispersant was sprayed onto or injected
into the water column as part of the spill response activities. Questions as to the
toxicity of spilled oil/dispersant to human health and the environment linger given
the state of current knowledge. The presentation focuses on the assessment of
health risks to children who may be exposed to the spill constituents while playing/recreating on the GOM beaches. Extensive data collection activities were undertaken by various agencies resulting in a vast exposure media database on air,
water, and sand concentrations of hydrocarbons. These data, after screening for adequacy and applicability to the beach exposure scenario, were adopted in the current study to populate an exposure model for a young child directly exposed to all
three media. The results of exposure modeling and toxicity assessment for a range of
tested constituents on GOM beaches of Louisiana, Mississippi, Alabama, and
Florida are tabulated and discussed relative to the magnitude of worst-case, average,
and most likely risks.
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RISK-BENEFIT ASSESSMENT OF FLAME-RETARDANT
CHEMICALS.

A. Blum1, 2, V. Babrauskas3, R. Fuoco2 and L. Birnbaum4. 1Chemistry, University
of California Berkeley, Berkeley, CA, 2Green Science Policy Institute, Berkeley, CA,
3Fire Science and Technology Inc., Issaquah, WA and 4National Cancer Institute,
National Institute of Environmental Health Sciences, Research Triangle Park, NC.
As a basis for regulation of flame retardant (FR) chemicals, both potential health
risks and fire safety benefits should be evaluated. Using an integrated assessment we
evaluate the use of organohalogen FRs to comply with California furniture flammability standard Technical Bulletin 117 (TB117). Pentabrominated diphenylether
was the main FR chemical used to comply with this standard from the 1980s until
2004, when it was banned and production ceased. Major replacements include
tris(1,3-dichloro-2-propyl) phosphate, removed from children’s sleepwear in 1978
due to mutagenicity concerns, and Firemaster 550, a proprietary mixture containing brominated retardants. Our fire safety evaluation, based on the fire science literature, found that (1) TB117 foam compared to non-FR foam covered in identical
fabrics, makes no significant, consistent difference in either ignition or flame spread
and (2) differences observed between identically-constructed furniture with nonFR foam and furniture made with foam complying with TB117 are within the normal data scatter. Our human health evaluation, based on the toxicological and epidemiological literature, found that (1) previous and current FRs used for TB117
compliance are found in human body fluids and (2) carcinogenic and/or neurological, reproductive, endocrine, and developmental harm are associated with exposure
to some furniture flame retardants.
Disclaimer: The research described in this article has been reviewed by the National
Institutes of Health, and approved for publication. Approval does not signify that
the contents necessarily reflect the views of the Agency, nor does the mention of
trade names or commercial products constitute endorsement or recommendation
for use.
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ANALYSIS OF HEALTH RISKS TO SURGICAL PATIENTS
FROM INSTRUMENTS CONTAMINATED WITH USED
HYDRAULIC FLUID.

D. G. Dodge1, B. D. Beck2, M. T. BenKinney3 and P. D. Boehm3. 1Gradient,
Bend, OR, 2Gradient, Cambridge, MA and 3Exponent, Maynard, MA.
Over the course of 1-2 months in 2004, certain processing errors led to the inadvertent use of used hydraulic fluid (HF) in place of detergent in one step of a multistep cleaning and sterilization process of surgical instruments at a US hospital sys-

tem. Several thousand patients may have had surgery or minor bedside procedures
performed using the instruments in question. We evaluated the presence of and
amounts of residual fluid and individual constituents potentially remaining on instruments after they were exposed to HF, and conducted a screening-level risk
analysis to address the potential hazards posed by their use during surgical procedures. Residual fluid was extracted from HF-exposed instruments in both salineand solvent-extracted experiments. Of 40 inorganic analytes, as well as numerous
polycyclic aromatic hydrocarbon (PAH) and total petroleum hydrocarbon (TPH)
analytes, chemicals of interest (COIs) were identified if they were detected in either
experiment. To estimate acute and chronic exposure doses, we used conservative assumptions regarding the number of instruments used during surgery and the
amount of transfer of residual HF on instruments to the patient during surgery. We
examined toxicity using both whole-mixture and individual-constituent approaches, and we assessed cancer and non-cancer risks using a margin-of-exposure
(MOE) approach comparing acute and chronic toxicity effect levels and dietary reference intake levels to estimates of exposure. We also made an adjustment to oral
toxicity criteria to account for potentially greater potency via intraperitoneal exposure. MOEs for acute and chronic non-cancer effects were greater than 100 for all
COIs, indicative of negligible toxicological concern. MOEs for cancer effects were
greater than 1 for all carcinogenic COIs, indicative of less than 1 in a million cancer risk. We conclude that there were no appreciable non-cancer or cancer risks to
patients who underwent surgery using the HF-exposed instruments.
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NATURAL GAS EXPLORATION AND PRODUCTION IN
THE BARNETT SHALE: ASSESSMENT OF EXPOSURES
TO VOLATILE ORGANIC COMPOUNDS (VOCS).

C. S. Perry, A. Tachovsky, M. Ke, J. D. Urban and L. C. Haws. ToxStrategies,
Inc., Austin, TX.
There are an estimated 13,500 producing natural gas wells in the Barnett Shale
(BS) formation, which spans approximately 24 counties in north central Texas
(TX). Since 2002, natural gas production in the BS region has substantially increased, and the region contains the largest onshore gas fields in the US. The Texas
Commission on Environmental Quality (TCEQ) has over 20 monitors in the region, 8 of which are in relatively close proximity to natural gas exploration and production operations (six AutoGCs analyzing 46-64 VOCs and two canister monitors analyzing 105 VOCs). Maximum 1-hour AutoGC and 24-hour canister data
were compared to available federal and state acute health-based toxicity values.
Annual average concentrations were compared to available federal and state chronic
health-based toxicity values. The measured concentrations were also compared to
typical US and TX-specific background concentrations, as well as to TCEQ odorbased values. While there were a few acute exceedances of odor-based values, our
analyses showed that none of the 1-hour or 24-hour concentrations exceeded any of
the acute health-based toxicity values. For the annual average concentrations, there
were exceedances of some federal chronic health-based values for benzene and 1,3butadiene at all six AutoGCs, but these levels were all below TCEQ chronic healthbased values and typical US or TX-specific background concentrations. In terms of
the canister monitors, the annual average concentrations of 16 chemicals exceeded
some federal health-based toxicity values. However, with the exception of 1,2-dibromoethane and methyl butyl ketone, all of the annual average concentrations
were below the TCEQ chronic health-based values. Importantly, all measurements
for 1,2-dibromoethane and methyl butyl ketone were non-detected, and the exceedances are solely the result of conservatively assuming that these chemicals were
present at a concentration equal to ½ DL. Collectively, these data do not indicate
any concern regarding potential exposures to VOCs associated with these types of
operations.
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INHALATION TOXICITY OF PARTICULATE MATTER
FROM MIDDLE EASTERN BASES IN RATS EXPOSED
FOR TWO WEEKS.

P. A. Ortiz1, K. C. Roberts2, C. U. Parkinson2, V. Mokashi1 and B. A. Wong1, 2.
1Naval Medical Research Unit, Wright-Patterson AFB, Dayton, OH and 2The
Hamner Institute for Health Sciences, Research Triangle Park, NC.
Personnel deployed in the Middle East are exposed to particulate matter (PM) that
may have unexpected toxicity. PM from various US military deployment locations
in the Middle East have been examined in some in vitro cell culture screening studies that have indicated differences in the potential toxicity between locations. For
example, PM from Iraq (Talil), as compared with PM from other locations (Camp
Victory), showed increased lactate dehydrogenase (LDH) and decreased production of MTT, indicators of cellular toxicity. An in vivo inhalation study was conducted by exposing male and female Sprague-Dawley rats via whole body inhalation to an aerosol of PM from Afghanistan or Iraq at 1 mg/m3 or clean air for 20
h/d, 7 d/wk for 2 weeks. After exposures, one set of animals from each exposure
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group was necropsied immediately while a second set was held for a 3-week recovery period. At necropsy, bronchial alveolar lavage (BAL) fluid was collected and
clinical chemistry and hematology were conducted on blood samples. Group average body weights were not significantly different for the two PM. There were some
statistically significant differences in clinical chemistry and hematology results;
however, differences were small and there was no overall pattern to indicate organ
damage or other biochemical dysfunction. There was no significant difference in
the LDH or total protein concentrations in BAL fluid. Also in BAL fluid, concentrations of inflammatory cytokines, MIP-1α, IL-1β, IL-6, and TNF-α were below
limits of detection. Finally, histopathology did not identify any PM in the lung tissue and there were no findings that were considered to be induced by the test material. While in vitro studies are useful for initial screening and identified PM with
potential toxicity, this two week in vivo inhalation study under conditions more relevant to military personnel deployment showed no toxicity under the conditions of
this study.
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HEALTH IMPLICATIONS OF COAL TAR AND
BITUMEN COATINGS IN CAST IRON WATER MAINS.

C. M. de Jongh1, B. M. van de Ven2, G. Mesman1 and M. Blokker1. 1KWR
Watercycle Research Institute, Nieuwegein, Netherlands and 2National Institute for
Public Health and the Environment (RIVM), Bilthoven, Netherlands. Sponsor: M.
Heringa.
Between 1900 and 1990 cast iron water mains have been laid which are coated on
the inside by coal tar and bitumen. Although the purpose of this coating is minimizing corrosion, the linings themselves can deteriorate over time. In 2009 one of
the Dutch water companies received odor and taste complaints after maintenance
in a cast iron distribution network. The complaints could be traced back to the
presence of polycyclic aromatic hydrocarbons (PAHs) in the drinking water which
were presumed to originate from the coal tar or bitumen coating in the cast iron
mains. As in the Netherlands normally hardly any PAHs are found in drinking
water, the question arose how often and under which circumstances increased PAH
levels can occur and whether human health effects may be expected as PAHs have a
known or suspected genotoxic potential. In a nationwide study, the Dutch water
companies took samples in cast iron distribution networks at 120 locations under
various conditions such as undisturbed operation, during flushing and after a mains
repair. The samples were analyzed for PAHs and the health risk associated with an
exposure scenario over a lifetime period was estimated. During flushing high PAH
levels may occur in drinking water, sometimes even above the drinking water guideline levels, but after flushing these levels drop rapidly. After the removal of part of
the coated cast iron main, increased PAH levels were found in drinking water up to
40 days after repair. Risk assessment showed that despite of exceeding drinking
water guideline values, the cumulative excess cancer risk of exposure to PAHs
through drinking water remained below the negligible risk of 1 in a million lifetime
exposed individuals under the test conditions at the 120 measurement locations.
Although no human health effects are expected, presence of PAHs in drinking
water is undesired as this may lead to taste and odor problems. The drinking water
companies are advised to monitor PAH levels in drinking water after intervations
on cast iron mains.

methyleugenol, safrole or β-asarone might raise a potential concern for human
health and would be of high priority for risk management. ©2011 Scientific
Research Publishing, Inc.
The research leading to these results has received funding from the European
Community’s 7th Framework Programme (FP7/2007-2013) under grant agreement n°
245199. It has been carried out within the PlantLIBRA project (www.plantlibra.eu).
This report does not necessarily reflect the Commission views or its future policy on this
areas.
Van den Berg et al, Levels of genotoxic and carcinogenic ingredients in plant food
supplements and associated risk assessment, Food and Nutrition Sciences, Vol. 9,
No. 2 (in press).
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S. Iyer1, M. Fox2, D. Tang1 and F. Perera1. 1Environmental Health Sciences,
Columbia University—Mailman School of Public Health, New York, NY and
2Health Policy and Management, Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD.
PAHs are a class of chemicals common in the environment. Benzo(a)pyrene (BaP)
is a well-studied PAH and a known human carcinogen. Current regulatory risk assessment practices do not account for the risk of in utero chemical exposures, thus
regulatory guidelines are missing a susceptible timeframe for exposure. Here, we
utilized umbilical cord blood measurements of BaP-DNA adducts to generate an
estimate for cancer risk posed by prenatal exposure to BaP. Cord blood was collected at delivery from a cohort of mothers and newborns in New York City. DNA
was isolated from white blood cells and BaP-DNA adducts were measured in 380
newborns. Traditional quantitative cancer risk assessment calculations were adapted
to generate a cancer risk due to prenatal exposure of BaP. We used a slope factor relating BaP-DNA adducts to tumor incidence from a previously published toxicology study. Some simplifications and assumptions were made in our cancer risk estimation related to extrapolating the conditions of the toxicology study to those in
humans, the pharmacokinetics of BaP-DNA adduction, and susceptibility during
developmental stages. Based on our analysis, we estimate that prenatal exposure to
BaP results in an average excess lifetime cancer risk of 9.3x10^-3; this is unmodified
by any age-dependent adjustment factor. These results will be compared to excess
lifetime cancer risk estimations in two additional cohorts where environmental
PAH exposure is typically higher. Prenatal exposures should be considered in regulatory risk assessments. We provide here an estimate of excess cancer risk posed by
prenatal BaP exposure as an example of how molecular epidemiologic data may be
used in risk assessments. There are gaps in this field that need to be addressed
through additional research that examines the pharmacokinetics of DNA adduction and cancer risk in a prenatal exposure model, but doing so would allow utilization of cord blood-based biomarkers in risk assessments for prenatal exposures.
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MOE-BASED RISK ASSESSMENT OF GENOTOXIC AND
CARCINOGENIC INGREDIENTS IN PLANT FOOD
SUPPLEMENTS.

S. van den Berg1, P. Restani2, M. Boersma1, L. Delmulle3 and I. Rietjens1.
1Division of Toxicology, Wageningen University, Wageningen, Netherlands,
2Department of Pharmacological Sciences, Università degli Studi di Milano, Milan,
Italy and 3Proform SA, Troisvierges, Luxembourg. Sponsor: B. Blaauboer.
The present study describes the selection, analysis and risk assessment of genotoxic
and carcinogenic ingredients of botanicals and botanical preparations which can be
found in food and plant food supplements (PFS). First, an inventory of genotoxic
and/or carcinogenic botanical ingredients was made. Based on this inventory, 30
genotoxic and/or carcinogenic compounds were selected, 18 of which appeared to
be both genotoxic and carcinogenic. Interestingly, the majority of these compounds
belong to the group of alkenylbenzenes or unsaturated pyrrolizidine alkaloids.
Based on the availability of carcinogenicity studies from which BMDL10 data
could be derived and estimated daily human exposure that was determined focusing
on the intake from PFS, the alkenylbenzenes estragole, methyleugenol, safrole and
β-asarone were selected for risk assessment using the Margin of Exposure (MOE)
approach. Calculating the MOEs for intake estimates of these alkenylbenzenes
from PFS resulted in values that were generally lower than 10,000. In some cases
the MOE was even below 10 meaning that the daily intake is estimated to be in the
range of dose levels causing tumors in experimental animals. This result indicates
that the use of some PFS containing the genotoxic carcinogens estragole,
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QUANTITATIVE CANCER RISK POSED BY PRENATAL
EXPOSURE TO BAP.

POPULATION-BASED TOXICITY ASSESSMENT
IMPLICATES MITOCHONDRIAL DYSFUNCTION AS
AN EARLY EVENT IN ISONIAZID-INDUCED LIVER
INJURY.

J. S. Eaddy1, C. L. Kurtz1, H. Wu2, K. Adkins2, P. B. Watkins1 and A. H.
Harrill1. 1The Hamner Institutes, Research Triangle Park, NC and 2Pfizer Inc.,
Groton, CT.
The frontline drug for tuberculosis treatment, isoniazid (INH), is known to cause
mild elevations in alanine aminotransferase (ALT). A subset of patients (<1%) will
experience rare, life-threatening liver toxicity. Mechanistic understanding of the
INH hepatotoxic reaction has been limited due to a lack of animal models. In this
study, a genetically diverse population of mice, or mouse diversity panel (MDP),
was utilized to better understand the toxicity and to identify targets of effect in susceptible individuals. Thirty-four mouse strains were exposed for three days to isoniazid (100 mg/kg/day, i.g.) or vehicle. The primary histological finding was microvesicular steatosis in the liver which was strain-dependent in incidence and
severity. To uncover the molecular mechanisms of the response, the transcriptome
of the liver was evaluated using Affymetrix microarrays. Not unexpectedly, the majority of transcript changes (15,483) were significant for the mouse strain tested
and not affected by treatment, a consideration that is important when selecting
mouse strains for toxicity assessment. Analysis was focused instead on the 5,371
transcripts for which expression changed with treatment, and the level of change
differed by the strain tested (i.e. genotype of the individual) as these changes are the
most informative for assessing the mechanisms of toxicity susceptibility. Consistent
with the finding of microvesicular steatosis, the primary pathways affected were the

mitochondrial dysfunction and oxidative phosphorylation pathways. These data
support the hypothesis that the steatosis observed in these studies has a mitochondrial basis, as transcript changes occurred in genes that are an integral part of many
components of the electron transport chain, including genes from Complexes I to
V and all subunits of Complex II. Taken together, these data suggest broad disruption of mitochondrial gene expression due to INH treatment, and highlight the
value of using a MDP to investigate mechanisms of toxicity.
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HEALTH ASSESSMENT OF METHANOL USED IN
HYDRAULIC FRACTURING FLUIDS.

M. R. Garry1, T. Saba2, F. Mohsen3 and B. Hilbert4. 1Exponent, Bellevue, WA,
2Exponent, Maynard, MA, 3Exponent, Cranbury, NJ and 4Exponent, Menlo Park,
CA.
Hydraulic fracturing (“fracking”) is a method of inducing manmade fractures in
low-permeability rocks, so that trapped natural gas can flow from the rock, into the
fractures, and into a natural gas well. The volume of fluids used in a fracking job
can be as much as 2 to 8 million gallons per well, with water and sand typically constituting about 99.5% of the fracking fluids. Methanol is used as a chemical additive in fracking fluids for corrosion resistance, friction reduction, and flowback enhancement. Concerns have been raised about the use of methanol in fracking
operations and the potential for impacts on human health. This study evaluated the
potential health risks associated with exposure to methanol through consumption
of groundwater impacted by methanol-containing fracking fluids, and incidental
ingestion of river and stream waters that received treated flowback. Modeled concentrations of methanol in groundwater and surface water were evaluated in the
context of health-based screening levels developed specifically for these exposure
scenarios, background dietary intake of methanol, and endogenous methanol production. Based on a high-end methanol concentration in groundwater of 0.6 mg/L,
the estimated methanol intake from consumption of groundwater is 0.017 mg/kg
body weight per day, corresponding to a hazard index of 0.03, and is more than 40
times less than the estimated dietary intake from fruit juice and wine. A high-end
modeled methanol surface water concentration of 0.00000475 mg/L is 9 orders of
magnitude below the health-based level derived for protection of incidental water
ingestion during recreational activities. The results of this study indicate that, based
on current practices, there is little risk to human health from the release of
methanol into water as a result of hydraulic fracturing operations.
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HEALTH RISK ASSESSMENT ON OCCUPATIONAL
HAZARDS EXPOSURE AMONG WORKERS INVOLVED
IN JASMINE’S AGRICULTURE.

S. Chaiklieng1, P. Suggaravetsiri2 and L. Charerntanyarak2. 1Environmental Health
Science, Faculty of Public Health, Khon Kaen University, Muang Khon Kaen,
Thailand and 2Epidemiology, Faculty of Public Health, Khon Kaen University,
Muang Khon Kaen, Thailand.
Many previous studies reported that the agricultural worksite is one source of
health hazards to farmers. This survey study aimed to determine the potential
health risk of exposure to occupational hazards among workers in a jasmine’s agricultural area, Sila sub-district, Khon Kaen, Thailand. Data were collected by an indepth interview, observations and personal air samplings.
Farmers almost used methomyl and carbendazim to control the pests in the jasmine’s field. Three types of work-related jasmine’s field were jasmine farmers
(n=16), jasmine collectors (n=16), and villagers who made garlands (n=22).The
qualitative health risk assessment on exposure to occupational hazards was performed by considering of working procedures of those workers and possible types
of hazards. Risk characterization identified that jasmine farmers had the highest risk
of pesticide exposure through skin contact (40.0%), followed by inhalation exposure (26.7%). Both jasmine collectors and villagers who made garlands had the
highest risk of awkward postures and repetitive works, followed by pesticide exposure through skin contact. The maximum concentration of methomyl in the
breathing zone of workers (n=24) was 1.12 mg/m3 (range 0-1.12 mg/m3), however, carbendazim was not found. Comparison to the standard regulation on the
ambient concentration of methomyl, i.e. TLV-TWA of 2.5 mg/m3 (ACGIH) or
PEL-TWA of 2.5 mg/m3 (NIOSH), the results of this study did not exceed the regulation. The estimation of inhalation exposure to methomyl among workers was
0.08 mg/kg-d. The result of hazard quotient (HQ=3.24) indicated the potential
health risk of jasmine farmers to the long term exposure to methomyl.
Therefore, farmers in a jasmine’s agriculture and people should be aware of occupational hazards, particularly using the pesticide by better protection, continuous
monitoring, and occupational health surveillance for safe working and living.
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PROVISIONAL ADVISORY LEVEL (PAL)
DEVELOPMENT FOR METHACRYLONITRILE.

C. Bast1, M. McClanahan2, P. McGinnis3 and F. Adeshina4. 1Oak Ridge National
Laboratory, Oak Ridge, TN, 2CDC, Retired, Lilburn, GA, 3Syracuse Research
Corporation, North Syracuse, NY and 4US EPA, Washington, DC.
PAL values developed for hazardous materials by the US EPA represent general
public emergency exposure limits for oral and inhalation exposures corresponding
to three different severity levels (1, 2, and 3) for 24-hr, 30-d, 90-d, and 2-yr durations. PAL 1 represents the threshold for mild effects; PAL 2 represents the threshold for serious, irreversible or escape-impairing effects; PAL 3 represents the threshold for lethal effects. PALs have not been promulgated nor have they been formally
issued as regulatory guidance. They are intended to be used at the discretion of risk
managers in emergency situations when site specific risk assessments are not available. Application of PAL protocols has been performed for methacrylonitrile to estimate oral and inhalation exposure limits.
Following oral and inhalation exposure, methacrylonitrile is readily absorbed and
widely distributed. Toxicity is due to formation of epoxide intermediates, depletion
of tissue glutathione, and metabolic release of cyanide. Oral and inhalation PALs
were based on clinical signs consistent with cyanide poisoning or lethality. Oral
PAL 1, 2, and 3 values are NR, 0.88, and 20 mg/L for 24-hr; NR, 0.63, and 15
mg/L for 30-/90-d and 2-yr. Inhalation PAL 1 is 0.074 ppm for 24-h/30-d/90-d
and NR for 2-yr. Inhalation PAL 2 is 0.20 ppm for 24-h/30-d/90-d and NR for 2yr. Inhalation PAL 3 is 1.1 ppm for 24-hr, 0.31 ppm for 30-d/90-d and NR for 2yr.
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ORAL RISK ASSESSMENT OF DIACETONE ALCOHOL:
USE OF METHYL ISOBUTYL KETONE DATA TO
ADDRESS DATA GAPS.

J. C. English, V. S. Bhat, G. L. Ball and C. J. McLellan. NSF International, Ann
Arbor, MI.
The general population may be orally exposed to diacetone alcohol (DAA) through
food and drinking water, since it is used as an indirect food additive and as a solvent
in applications with potable water contact. Exposure to DAA may also occur
through the various industrial applications for methyl isobutyl ketone (MIBK),
since DAA is the primary metabolite of MIBK. Although the longest-term oral
study for DAA was a 54-day reproductive/developmental toxicity screen by gavage,
the dataset for MIBK is robust and the spectrum of toxicity is very similar between
the two substances when evaluated in single or repeated-dose oral or inhalation
studies and in genotoxicity assays. Since toxicokinetic studies confirm rapid metabolism and clearance of MIBK to the more persistent DAA, the majority of the internal exposure is to DAA in both oral and inhalation studies with MIBK. The kidney is a target organ after oral exposure to DAA based on hyaline droplet
nephropathy in male rats and renal tubular lesions in female rats. Slight changes in
reproductive performance and pup viability at high gavage DAA doses may have
been secondary to maternal toxicity. The point of departure for risk assessment of
DAA was considered exacerbated chronic progressive nephropathy (CPN) after
chronic inhalation of MIBK in female F344 rats. Based on 59% systemic absorption inferred from studies in human volunteers and a 20 m3/day inhalation rate, the
benchmark concentration (BMCL10) of 25 mg/m3 for exacerbated CPN corresponded to an internal MIBK dose of 0.042 mmol/kg-day. The internal MIBK
dose was adjusted to an internal DAA dose based on 79% of the area under the
plasma concentration curve (AUC) being associated with DAA and 20% with the
parent compound. The internal DAA dose corresponds to an ingested DAA dose of
3.9 mg/kg-day assuming 100% gastrointestinal absorption. Using a 30x uncertainty factor to account for intraspecies variability as well as limited data to compare the AUC after MIBK inhalation to that after oral DAA intake, a Reference
Dose (RfD) of 0.1 mg/kg-day was determined for DAA.
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THE WEIGHT OF EVIDENCE DOES NOT SUPPORT
ENDOCRINE DISRUPTION AS THE CRITICAL EFFECT
OF BENZOPHENONE.

V. S. Bhat, J. C. English, G. L. Ball and C. J. McLellan. NSF International, Ann
Arbor, MI.
The general population may be exposed to benzophenone through food and drinking water due to its use as a direct and indirect food additive and as an UV stabilizer
in some coatings with water contact. Although some benzophenone derivatives are
suspected endocrine disruptors, the weight of evidence does not support a hormonally-mediated mode of action for benzophenone. Decreases in mammary tumors
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and thyroid hyperplasia in female rats chronically fed benzophenone were likely
secondary to reduced body weight rather than the weak endocrine activity of the
major metabolite, p-hydroxybenzophenone. In the uterotropic assay, the benzophenone doses achieving comparable responses to 17-β-estradiol were more than three
orders of magnitude greater. Putative estrogenic responses achieved in vitro suggested a potency ranging from one to four orders of magnitude weaker than the
positive control depending on the assay. Results of the two-generation reproduction
study also do not support endocrine disruption or adverse reproductive effects. The
modest, non-dose-related decrease in anogenital distance in F1 female rats occurred
without other evidence of an androgenic mode of action. The critical effect for
human health risk assessment is considered bile duct hyperplasia in female rats. A
cytotoxicity-mediated mode of action is plausible in the liver and bile duct due to
enterohepatic recirculation, altered bile acid transport and/or cholestasis. The toxic
moiety is unclear and there were insufficient data to construct a model describing
the disposition of benzophenone or its metabolites in blood or target tissue for use
as an internal dose metric. Since a reliable benchmark dose (BMDL) for bile duct
hyperplasia could not be estimated, the Reference Dose (RfD) of 0.04 mg/kg-day
was based on the human equivalent LOAEL of 4 mg/kg-day, which corresponds to
a Total Allowable Concentration of 0.3 mg/L in drinking water. A short-term exposure level (STEL) of 2 mg/L was derived based on a human equivalent BMDL10
of 5 mg/kg-day for renal tubule dilation in F0 adult female rats from the two-generation study.

Students t-test. The VAS ratings were generally low although they varied considerably, from 0 mm (“not at all”) to 70 mm (“quite”) on the 100 mm scale. Ratings of
smell (p=0.09) and nasal and throat irritation (p=0.06) showed borderline tendencies to increase during exposure to 2 ppm H2O2 compared to 0.4 ppm and control
exposure. Nasal airway resistance increased after exposure to 2 ppm H2O2
(p=0.04) but not after 0.4 ppm or clean air. No significant exposure-related effects
on pulmonary function, nasal swelling, breathing frequency and blinking frequency
were found. Furthermore, no clear effects were seen on markers of inflammation
and coagulation in blood (C-reactive protein, interleukin-6, serum amyloid A, fibrinogen, factor VIII, von Willebrand-factor and Clara cell protein), although there
were some scattered tendencies to increases after exposure to H2O2 compared to
clean air. In conclusion, our study suggests that short-term exposure to H2O2 is
slightly irritating at 2 ppm, but not at 0.4 ppm. These data should be considered
when setting occupational exposure limits.
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DRAFT REFERENCE EXPOSURE LEVELS FOR
CARBONYL SULFIDE—A NERVOUS SYSTEM
TOXICANT.

J. F. Collins and A. G. Salmon. OEHHA, Cal/EPA, Oakland, CA.
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IS SULFUR DIOXIDE A REPRODUCTIVE AND
DEVELOPMENTAL TOXICANT?

M. Seeley and J. E. Goodman. Gradient, Cambridge, MA.
Sulfur dioxide (SO2) is regulated as a criteria air pollutant by the US
Environmental Protection Agency on the basis of respiratory effects, such as
asthma. In addition to respiratory effects, effects on developmental and reproductive endpoints have been observed in some studies. Based on these effects,
California’s Office of Environmental Health Hazard Assessment (OEHHA) recently added SO2 as a Proposition 65 developmental toxicant, specifically citing evidence regarding reduced fecundity in males and both pre-term birth and fetal
growth effects in women. We evaluated the weight of evidence regarding these effects, focusing primarily on results from epidemiology studies, along with supporting evidence from animal and in vitro studies. OEHHA’s conclusion regarding reduced fecundity is based primarily on results from a single study conducted in a
highly industrialized district of the Czech Republic, while related studies do not
provide robust evidence to support this association. For both pre-term delivery and
fetal growth restriction, there is inconsistency among studies with respect to the
critical exposure window associated with these outcomes that cannot be fully explained biologically; some studies show associations for exposure throughout pregnancy, some show associations only in either early or late pregnancy, and others
show no association at all. For all three adverse outcomes, there is uncertainty regarding whether the observed associations were due to SO2 or other factors that are
also associated with adverse birth outcomes, such as differences in socioeconomic
status and birth season. Inadequate control of other factors associated with adverse
birth outcomes may confound the observed associations with SO2, particularly if
these factors are also associated with SO2 levels. In addition, OEHHA’s proposed
biological mechanisms by which SO2 might cause these effects are not supported
by existing data. We conclude that the weight of evidence does not support listing
SO2 as a developmental toxicant.
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ACUTE EFFECTS OF EXPOSURE TO VAPORS OF
HYDROGEN PEROXIDE IN HUMANS.

L. Ernstgård, B. Sjögren and G. Johanson. Work Environmental Toxicology,
Institute of Environmental Medicine, Karolinska Institutet, Stockholm, Sweden.
Hydrogen peroxide (H2O2) is a colorless, reactive unstable chemical with pungent
odor. It is mainly used in chemical industrial processes, in paper industry for
bleaching, as a disinfectant, for water treatment and bleaching hair. The use of
H2O2 has increased in Sweden. The critical effect of H2O2 is considered to be irritation of mucous membranes and airways, however, scarce data available makes it
difficult to assess effect levels and thus to set safe exposure limits. The aim of the
study was to investigate effects in humans of inhaled H2O2 vapors. Six female and
five male healthy volunteers were exposed blinded in a balanced order to clean air,
0.4 ppm and 2 ppm H2O2 for 2 h at rest. Symptoms related to irritation and effects on the central nervous system were rated on Visual Analogue Scales (VAS).
The ratings were analysed with a nonparametric test (Friedman) whereas the objective effect measurements were analyzed with repeated measures ANOVA and
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Carbonyl sulfide (COS), a chemical intermediate and a byproduct of oil refining,
has been proposed as a grain fumigant to replace methyl bromide, which is being
phased out due to its ozone depleting ability, and to supplement phosphine gas,
which is experiencing increased insect resistance. Morgan et al. (Toxicol Appl
Pharmacol 200:131– 145, 2004) exposed groups of male F344 rats to 0, 75, 150,
300, or 600 ppm COS for 6 h once and then held them for 2 weeks. Adverse effects
were noted only at 600 ppm in the cerebellum and the fifth cranial nerve. Thus 600
ppm was a LOAEL and 300 ppm was a NOAEL for acute effects. Morgan also exposed F344 rats to 0, 75, 150, 200, 300, 400, 500, or 600 ppm COS 6 h per day,
5 days per week for up to 12 weeks. After 12 weeks at 400 ppm, the predominant
lesions were necrosis in parietal cortex area 1 and neuronal loss, microgliosis, and
hemorrhage in the posterior colliculus; occasional necrosis was seen in the putamen, thalamus, and anterior olivary nucleus. Thus 400 ppm was a LOAEL and 300
ppm a NOAEL for subchronic effects. Based on these reports we have estimated a
draft acute (1-hour) Reference Exposure Level (REL) of 2.7 ppm and a draft
chronic REL of 90 ppb for COS based on effects on the rat nervous system.
Although derived by approved methodology, the RELs for carbonyl sulfide have
not undergone external peer review.
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DERIVATION OF DRAFT CHRONIC REFERENCE
EXPOSURE LEVELS FOR BOTH DIOXIN-LIKE AND
NONDIOXIN-LIKE PCB CONGENERS.

J. Yang, A. G. Salmon and M. A. Marty. OEHHA, Cal/EPA, Oakland, CA.
Polychlorinated biphenyls (PCBs) are ubiquitous global contaminants with important toxic effects, although their production was banned nearly 3 decades ago.
Health risk assessment for this class of chemicals is complex, since exposure occurs
to mixtures of many PCB congeners in differing proportions. Therefore, toxicological and exposure data for individual PCB congeners are most relevant to health risk
assessment. Five PCB congeners were selected based on toxicity and exposure information, which cover both dioxin-like (DL) and non-dioxin-like (NDL) PCBs as
previously described in our publication of TEF-TH values. Although extensive experimental data are available on PCB toxicities, investigators have used different
methods, and measured different biomarkers, with variable results, complicating
study-to-study comparison. To overcome this difficulty, we compared several similar subchronic studies that investigated health effects of dietary exposure to these
congeners in rats. Among several biomarkers, we find that thyroid hormone is one
of the most consistently sensitive biomarkers for these PCB congeners. We then determined the no-observed-adverse-effect levels (NOAELs) for PCBs 28, 77, 118,
126, and 153; these are 36, 8.7, 17, 0.01, and 34 μg/kg-day, respectively. We are
generating chronic Reference Exposure Levels (RELs) for different age groups following our non-cancer RELs guideline. For PCBs 28, 77, 118, 126, and 153, draft
adult oral RELs are 40, 9.7, 19, 0.011, and 38 ng/kg-day, and draft inhalation
RELs, based on 3,500 μg/m3 per mg/kg-day of route-to-route conversion factor,
are 140, 34, 66, 0.039, and 130 ng/m3, respectively. We derived draft children’s inhalation RELs, based on their breathing rate, of 50, 12, 24, 0.014, and 47 ng/m3,
for PCBs 28, 77, 118, 126, and 153, respectively. These RELs are inversely correlated with our previously published TEF-TH values (r = -0.69, p = 0.202) such that
a high TEF value corresponds to a low REL. These RELs provide another index to
assess thyrotoxic and neurotoxic effects of both DL- and NDL-PCB congeners.
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PROVISIONAL ADVISORY LEVELS (PALS) FOR
CARBON DISULFIDE.

S. Milanez1, D. Dorman2, G. McConnell3 and F. Adeshina4. 1Environmental
Sciences Division, Oak Ridge National Laboratory, Oak Ridge, TN, 2College of
Veterinary Medicine, North Carolina State University, Raleigh, NC, 3ToxPath Inc.,
Raleigh, NC and 4US EPA, Washington, DC.
PAL values developed for hazardous materials by the US EPA represent general
public emergency exposure limits for oral and inhalation exposures corresponding
to three different severity levels (1, 2, and 3) for 24-hour, 30-day, 90-day, and 2year durations. PAL 1 represents the threshold for mild effects; PAL 2 represents the
threshold for serious, irreversible or escape-impairing effects; PAL 3 represents the
threshold for lethal effects. PALs have not been promulgated nor have they been
formally issued as regulatory guidance, but are intended for use at the discretion of
risk managers in emergency situations when site-specific risk assessments are not
available. PALs are developed using standard protocols with appropriate human
and animal data. Carbon disulfide (CS2) is a colorless liquid with a high vapor pressure that has been used in manufacturing cellulose rayon by the viscose process
since the early 1900s, and is also used to produce carbon tetrachloride, cellophane,
and other sulfur compounds. Large amounts are made commercially (>106 tons in
2002). Carbon disulfide is fat-soluble and concentrates in lipid-rich tissues, especially the nervous system, which is the primary target organ (CNS and PNS) in humans and animals. Chronic occupational exposure has also been associated with
blood lipid changes and heart disease. Oral PALs were derived using a rabbit developmental study: PAL 2 and PAL 3 values were 29 and 88 mg/L, respectively, for 24
hours and for 30 days. Other oral values were not derived due to insufficient data.
Inhalation PALs were derived using human and animal data. The PAL 1, 2, and 3
were, respectively, 1.7, 5.3, and 7.5 ppm for 24 hours; 0.89, 4.1, and 5.4 ppm for
30 days; 0.71, 4.1, and 5.4 ppm for 90 days, and 0.38, 0.79, and 3.2 ppm for 2
years. These values were approved by the Expert Consultation Panel for Provisional
Advisory Levels in July 2011.
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INTERSPECIES ADJUSTMENTS TO RODENT-DERIVED
DIOXIN TOXIC EQUIVALENCY FACTORS ARE
NECESSARY FOR PCBs.

E. Carlson1, C. H. Sutter2 and T. R. Sutter2. 1General Electric Company,
Niskayuna, NY and 2University of Memphis, Memphis, TN.
The World Health Organization Toxic Equivalency Factor (TEF) scheme is used to
estimate the combined human health risk of complex mixtures containing dioxins
and “dioxin-like” compounds. Individual TEF values are primarily based upon toxicity data from rodent feeding studies. The literature now abounds with humanspecific relative potency (REP) estimates, derived from in vitro assay systems, which
question the relevancy of rodent-derived TEFs for human health risk assessment.
For instance, human-derived REP estimates for the most potent “dioxin-like” polychlorinated biphenyl (PCB) congener, PCB 126, are approximately 40-fold lower
than its assigned TEF of 0.1. This species difference is robust, repeatable, and significant. Since both PCB 126 and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD;
the reference compound) exhibit similar in vivo pharmacokinetics and rodent-derived PCB126 REPs are invariant between in vitro and in vivo studies, the humanspecific in vitro REP estimate for PCB 126 can serve as a direct replacement to the
current TEF. Although pharmacokinetic issues may cloud the direct applicability of
in vitro REP estimates for PCB congeners other than PCB 126 in adjusting TEFs
representing oral intake, studies using human cells have determined that these congeners exhibit either very weak (i.e., partial agonism) or undetectable “dioxin-like”
activity. Overall, from this information we have developed interspecies adjustments
to the current TEF values for PCBs. Following a weight-of-evidence approach, in
vitro human data indicate that most PCB congeners should be removed from the
TEF scheme entirely. In addition, the relative insensitivity of human cells to
“dioxin-like” PCBs also calls into question current Aroclor risk values, where the
critical effects are mainly due to the “dioxin-like” toxicity of PCB congeners observed in ultra-sensitive animal models (i.e., rats and rhesus monkeys).
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SUBCHRONIC TOXICITY OF BENZYL ACETONE IN
RATS.

C. Letizia, V. Politano and A. Api. Human Health, RIFM, Woodcliff Lake, NJ.
The subchronic toxicity of benzyl acetone, a widely used fragrance ingredient, was
evaluated in a 13-week oral toxicity study in Sprague Dawley rats with a 4-week recovery period. Male and female rats (10/sex/dose) were dosed via gavage at dose levels of 0 (control), 55, 165, 250 or 500 mg/kg/day. Control animals were treated
with the vehicle, corn oil. An additional 5/rats/sex were treated with 0 and 500
mg/kg/day and were maintained for a 4-week recovery period. Observations in-

cluded clinical observations, food consumption, body weights, functional observational battery, ophthalmoscopy, hematology, plasma chemistry, urinalysis, estrous
cycling, sperm analyses, gross necropsy and histopathology. One female at 55
mg/kg, 1 male at 165 mg/kg and 1 female at 500 mg/kg were found dead. Reasons
for these deaths could not be established. Mean methemoglobin values were reduced in females during week 7 and in males and females during week 14. Kidney
weights were significantly increased in males at 500 mg/kg, but this finding had resolved with recovery. Liver weights were significantly increased in both sexes at 165,
250 and 500 mg/kg; this effect was also reversible with recovery. Histopathological
findings included reversible hepatocellular hypertrophy in livers from males at 250
mg/kg and in males and females at 500 mg/kg, reversible thyroid follicular cell hypertrophy in males at 500 mg/kg and tubular lesions in male kidneys at 250 and
500 mg/kg which were associated with an increase in hyaline droplet formation.
This finding was compatible with the diagnosis of alpha-2-micro-globulin
nephropathy and was not considered relevant. Based on these results, the NOAEL
was concluded to be 165 mg/kg.
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A RAPID PROCESS FOR SETTING TOXICOLOGICAL
LIMITS IN SUPPORT OF EQUIPMENT CLEANING IN A
CONTRACT DRUG MANUFACTURING FACILITY.

E. Hope1, S. C. Gordon1, A. M. Kore1 and L. Harrison2. 1Medical Department,
3M, Saint Paul, MN and 2Drug Delivery Systems, 3M, Saint Paul, MN.
In drug manufacture, production equipment is cleaned to assure there is minimal
carryover of residual chemicals from one drug product run to the next. Validation
of these cleaning methods is a critical step in assuring the safety and quality of the
drug products, and includes setting Toxicological Limits (TLs), amounts of residual
chemicals that can safely be carried over to the next product. Industry practices to
set TLs are evolving away from default X-fold reduction in drug substance, to
chemical-specific, health-based risk assessments. Also, assessment has expanded to
include intentional and unintentional additives as well as the drug substance. In a
contract manufacturing plant new drug products are constantly added, demanding
a rapid method to set TLs. We report a tiered process to efficiently set TLs.
Whenever available, published health-based human exposure limits or minimum
recommended therapeutic doses, are used as the bases for setting TLs. In the absence of an appropriate human exposure limit or therapeutic dose, the TL may be
based on the NOAEL/LOAEL for critical effects in relevant toxicity studies, use of
Structure-Activity Relationships, or application of a Threshold of Toxicologic
Concern. We illustrate our process using chemicals with different toxicities, data
availability, and functions. Our process also addresses irritation and sensitization
endpoints that are specific to topical and inhalation drug products.
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CUMULATIVE RISK ASSESSMENT OF THREE
ALDEHYDES PRESENT IN TOBACCO SMOKE: USING
MARGIN-OF-EXPOSURE (MOE) AND MODE-OFACTION (MOA) EVALUATIONS.

F. H. Cunningham, S. Fiebelkorn and C. Meredith. Group R&D, British
American Tobacco, Southampton, United Kingdom.
There has been significant interest in further characterising tobacco smoke toxicants both from the perspective of future regulatory frameworks aimed at monitoring or lowering toxicant levels and from the perspective of tobacco product development focused on selective toxicant reduction as part of broader harm reduction
initiatives. We have previously described the use of the Margin of Exposure (MOE)
model as part of a quantitative risk assessment paradigm for tobacco smoke toxicants, in conjunction with the preparation of mode of action (MOA) reviews. To
generate a combined MOE assessment two assumptions are made: 1) the compounds are structurally similar and 2) that they share similar toxicological properties. The generation of MOAs reduces the number of assumptions made in combined MOE assessments by ensuring similar toxicological properties and lesion
types are seen. In this example, three saturated aldehydes present in tobacco smoke
have had MOE and MOA assessments completed. The aldehydes investigated were
acetaldehyde, formaldehyde and propionaldehyde. Multiple MOEs for each toxicant were generated from data available in the literature. The MOA reviews identified the same four key events associated with the carcinogenic potential of all three
of these aldehydes. For each of the four key events, the lowest generated MOEs
have been combined, using the following formula: MOEtotal = 1 / [1/MOE1 +
1/MOE2 + 1/MOE3]. The cumulative MOEs generated were: Genotoxicity – 0.13;
Cytotoxicity – 80.55; Hyper/Metaplasia – 7.42; Tumours – 74.38. In all instances,
the MOEs are lower than 100 suggesting that these toxicants are of a very high priority for risk reduction research (Cunningham et al., Food Chem Tox,
doi:10.1016/j.fct.2011.07.019). This is the first attempt at generating a combined
MOE assessment for a group of toxicants found in tobacco smoke, based on the
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available toxicological information. We propose the use of MOAs to group tobacco
smoke toxicants as a first step towards a physiologically-relevant cumulative risk assessment.
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ANALYSIS OF GENOTYPIC AND PHENOTYPIC
POLYMORPHISMS OF HUMAN CYTOCHROME P450
2A6 (CYP2A6) AMONG VARIOUS ETHNIC
POPULATIONS.

C. Hsieh, J. Phuong, F. C. Tsai and M. S. Sandy. Cal/EPA, Sacramento, CA.
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PRELIMINARY ASSESSMENTS OF IN VITRO
PHARMACOKINETIC DATA AND EXPOSURE
INFORMATION FOR THE TOXCAST PHASE II
CHEMICALS.

B. A. Wetmore1, M. A. Sochaski1, S. Ferguson2, J. F. Wambaugh3, B. Allen1, K.
Freeman2, K. Cantwell1, D. J. Dix3, R. S. Judson3, R. J. Kavlock3, H. J.
Clewell1, M. E. Andersen1 and R. S. Thomas1. 1The Hamner Institutes for Health
Sciences, Research Triangle Park, NC, 2Life Technologies, Corp., Durham, NC and
3National Center for Computational Toxicology, US EPA, Research Triangle Park,
NC.
Momentum has been growing in Toxicology to assess the utility of high-throughput
screening (HTS) assays in the determination of chemical testing priorities.
However, in vitro potencies determined in these assays do not consider in vivo
bioavailability, clearance or exposure estimates, limiting their value as indicators of
potential human health risk. We previously used ToxCast Phase I chemicals to assess the integration of in vitro pharmacokinetic (PK) and HTS data to extrapolate
the daily dose required to obtain blood concentrations equivalent to those eliciting
bioactivity in in vitro assays. This daily dose was then compared to human exposure
estimates to aid in prioritization. Unlike the Phase I set, comprised primarily of
food-use, data-rich pesticides, the ~700 chemicals in Phase II are much more diverse structurally and in their usage and exposures. In vitro hepatic clearance and
plasma protein binding assay data generated for Phase II chemicals indicate similar
distributions to those observed with the Phase I set. The majority of chemicals are
highly bound to plasma proteins, with median and upper quartile values at ~3 and
~20% unbound, respectively, for both sets. In vitro hepatic metabolic clearance values are also similar, with median and upper quartile values at ~8 and ~18
μL/min/106 cells, respectively, for both. In contrast to the Phase I chemicals, review
of USEPA and CDC documents revealed that human exposure estimates are available for <10% of the Phase II chemicals. Our data indicate that the PK behavior of
Phase II chemicals is similar to that of the Phase I set. Strategies to provide human
exposure estimations, in part through EPA’s ExpoCast project, are being explored to
compensate for the limited information available for these chemicals. This abstract
does not necessarily reflect EPA policy.
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USE OF LOW-DOSE CLINICAL PHARMACODYNAMIC
(PD) AND PHARMACOKINETIC (PK) DATA TO
ESTABLISH WORKPLACE EXPOSURE GUIDELINES
FOR DAPAGLIFLOZIN, A POTENT INHIBITOR OF THE
RENAL SODIUM GLUCOSE CO-TRANSPORTER 2.

J. Gould, S. Kasichayanula, D. Shepperly and D. W. Boulton. Bristol-Myers
Squibb, New Brunswick, NJ.
Classical risk assessment models for setting safe Occupational Exposure Limits
(OEL) have used multiple uncertainty factors (UF) applied to a Point of Departure
(POD). The initial OEL for dapagliflozin lacked low dose clinical data enabling
identification of a No Observed Effect Level (NOEL). This resulted in the need to
use high UFs, even though there was extensive human data at therapeutic doses.
This work shows how conducting a well-designed clinical PD and PK study, examining glucose excretion, dapagliflozin’s most sensitive effect, can be used to refine
and set an OEL. Single oral doses of 0.001, 0.01, 0.1, 0.3, 1.0 or 2.5 mg dapagliflozin were given to 36 healthy males or females. Blood samples were collected
for determination of glucose and dapagliflozin concentrations. Urine samples were
collected for quantitative determination of urinary glucose excretion and for qualitative testing by urinary glucose dipstick. Dapagliflozin Cmax and AUC values increased proportionally from 0.1 mg (the lowest does with definable PK) to 2.5 mg
(highest dose tested), verifying that systemic exposures were achieved even at extremely low, subtherapeutic doses. A dapagliflozin-related increase in the amount of
glucose excreted in the urine was observed following the administration of dapagliflozin doses ≥ 0.3 mg. The NOEL was 0.1 mg for urine glucose as demonstrated by both glucose determination and glucose dipstick. For setting the OEL,
using 0.1 mg as the POD based on the PD NOEL and PK results, no additional
uncertainty factors were required. Dividing the POD by 10 m3 (the amount of air
a 70 kg adult inhales in a workday), the resulting OEL was 0.01 mg/m3; whereas
the OEL was 0.001 mg/m3 with the previous UF. The new OEL will be confirmed
in manufacturing plants with air monitoring and medical surveillance of workers.
In conclusion, low-dose clinical PD and PK data on a well-studied drug can allow
the OEL to be adjusted to the highest safe level.
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To date, 37 variant alleles (*1B to *37) of the CYP2A6 gene have been identified.
The CYP2A6*1/*1 genotype is associated with wild-type (normal) enzyme activity
expression of coumarin 7-hydroxylase (C7-OH). Variant alleles are either associated with an increase, a decrease, or a lack of activity of C7-OH. Coumarin (1,2benzopyrone), a compound found in spices that has multiple uses, including as a
drug and fragrance, is detoxified primarily via C7-OH in humans. Coumarin may
be metabolized by other CYPs to form the toxic metabolite o-hydroxyphenylacetaldehyde (o-HPA), which is associated with hepatotoxicity. Studies of humans exposed to coumarin have shown that elevated o-HPA and liver toxicity are associated
with reduced C7-OH activity, suggesting that individuals with certain CYP2A6
gene polymorphisms are more susceptible to coumarin-mediated hepatotoxicity
than wild-type individuals. We conducted an analysis of data on genotypic and
phenotypic polymorphisms of CYP2A6 among various ethnic populations. The results show that the most frequent variant alleles of CYP2A6 are the *2,*4, and *5
variants, which encode non-functional enzymes, followed by variants *9 and *12,
which encode for reduced-activity enzymes. Several ethnic populations have a high
allelic frequency of CYP2A6 variants lacking activity. Available phenotypic data on
these populations also demonstrate reduced enzymatic activity associated with these
variants. For example, in a Japanese population (n=374), 36.9% of the individuals
had allelic variants encoding non-functional enzymes (*1/*4: 33.1%; *4/*4: 3.8%).
Our analysis indicates significant variability in CYP2A6 activity exists in the
human population and suggests an association between certain CYP2A6 polymorphisms and coumarin-mediated hepatotoxicity.
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APPLICATION OF A DATA FUSION FRAMEWORK FOR
A CHEMICAL MIXTURE AND CONTAMINATED SITES
HEALTH RISK ASSESSMENT AND MANAGEMENT.

A. K. Mohapatra1, R. Sadiq2, R. Dyck2, A. Zargar2 and S. Islam2.
1Environmental Health Program, Health Canada, Calgary, AB, Canada and 2Faculty
of Engineering, University of British Columbia, Kelowna, BC, Canada. Sponsor: L.
Haber.
A modified Joint Director Laboratories (JDL) data fusion (DF) framework was developed to integrate data from disparate sources to estimate risks associated with
potential exposure to a petroleum hydrocarbon mixture. The framework was used
to detect patterns and integrate various toxicological datasets from the F1 group of
hydrocarbons. F1 toxicological data were fused where available. The main objective
of our case study was to demonstrate the applicability of the DF based approach in
risk assessment and management projects. For chemical mixture risk assessment,
the problem formulation was defined using an illustrative example of a contaminated site. Traditionally, health risk assessments of mixtures are evaluated using a
surrogate of chemical mixture data (e.g., current practice of F1 hydrocarbons assessment) or through component data. For neurotoxicity response analysis, neurotoxic metabolites toxicological data were fused with predictive toxicological data
and then probability-boxes (p boxes) were developed to represent the toxicity of
each compound. The neurotoxic response was given a rating of “low”, “medium” or
“high”. These responses were then weighted by the percent composition in the illustrative F1 hydrocarbon mixture. The resulting p-boxes were fused according to
Dempster-Shafer Mixture rule of combination. The fused p boxes were fused again
with toxicity data for n-hexane. We analyzed system biology curated n-hexane
datasets. These types of dataset integration exercises from various disparate sources
may help contaminated sites risk assessment and risk management project where a
key risk management decision may be required based on site specific exposure
analysis, operable exposure pathways and toxicity assessment.Part of the work was
presented at the Alliance for Risk Assessment workshops. Currently we are exploring data fusion applications in remediation risk management and predictive toxicology tools.

132

USE OF BIOMARKERS IN THE BENCHMARK DOSE
METHOD.

C. Van Landingham1, R. Gentry1, S. Hays2 and L. Aylward3. 1ENVIRON
International Corporation, Monroe, LA, 2Summit Toxicology, Lyons, CO and
3Summit Toxicology, Falls Church, VA.
The NRC (2009) Science and Decisions report discusses methods for assessing
noncancer risks using linear extrapolation procedures similar to those used to assess
risks posed by exposures to carcinogens. As part of the Alliance for Risk Assessment

workshop series, this study was conducted to demonstrate four potential approaches to extrapolating risks below the point of departure, identified using an extension of the Benchmark Dose (BMD) method that allows the development of
risk values at doses above the Reference Dose (RfD). The use of an internal measure
of dose (blood methylmercury concentration), rather than external concentrations,
was also considered in the risk evaluation by incorporating data from the National
Health and Nutrition Examination Survey (NHANES). Methylmercury provides
an unusual case in which the available BMD/BMDLs (USEPA 2001) are not only
based on human responses, but were also estimated based on biomarkers (i.e., levels
in hair and cord blood) measured in individuals as part of the evaluation for potential health effects. Both simple and more complex PBPK models are also available
that allow the risk assessor to estimate external exposure rates associated with internal biomarkers. The dose-response conducted here addressed multiple issues raised
by the NRC (2009) report including the impact of human variability, sensitive subpopulations, and method of extrapolation above and below the BMD/BMDL and
RfD. The results demonstrate that depending on the assumptions used to estimate
risks at exposures above the RfD, very different fractions of the population would
be expected to have adverse events. This could have significant impacts on decision
making in the risk assessment process. This case study exhibits how risk assessments
using biomonitoring data for both dose-response and exposure helps to reduce uncertainty in the risk assessment process.
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APPLYING THE “SCIENCE AND DECISIONS”
CONCEPTUAL MODELS (CMS) TO DIOXIN.

T. Simon1, M. Stephens2, Y. Yang3, R. Manning4, J. Rowlands5 and R. A.
Budinsky5. 1Ted Simon LLC, Winston, GA, 2Johns Hopkins Center for Alternatives
to Animal Testing, Baltimore, MD, 3The Hamner Institute, Research Triangle Park,
NC, 4Georgia Department of Natural Resources, Athens, GA and 5The Dow
Chemical Company, Midland, MI.
The Alliance for Risk Assessment provided the opportunity to conduct this case
study and compare the three CMs for dose-response from the NRC 2009 report
Science and Decisions: Advancing Risk Assessment. This exercise profits our understanding the strengths and weaknesses of applying these models. Dose-response assessments for TCDD were conducted with all three CMs for the endpoints of hepatic and bile duct tumors in rats. Recently, an expert panel considering the aryl
hydrocarbon receptor (AHR) concluded that sustained AHR activation was a pivotal key event in the mode of action (MOA) of rodent liver tumorigenesis. We use
a biomarker of AHR activation as a dose metric for species extrapolation. The median dose at 10-5 risk from linear CM1 was 1 pg/kg-d, that from nonlinear CM2
was 300 pg/kg-d, and that from linear CM3 was 6 pg/kg-d. These results show the
differences and potential uncertainty for decisions using risk estimates based on
policy versus those based on scientific evidence.
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ASSESSING EXPOSURE DOSE EQUIVALENT OF VINYL
CHLORIDE IN DRINKING WATER FROM SHOWERING
AND BATHING ACTIVITIES USING
PHYSIOLOGICALLY-BASED PHARMACOKINETIC
MODELING.

A. Nong1, P. Hamel2, R. Charron2 and M. Deveau2. 1Environmental Health
Science and Research Bureau, Health Canada, Ottawa, ON, Canada and 2Water, Air,
and Climate Change Bureau, Health Canada, Ottawa, ON, Canada.
Historically, safety evaluation of chemicals in drinking water accounted only for exposures via the ingestion route. Recently, however, performing chemical risk assessments for drinking water have begun to account for the different routes of exposure
where daily intake are calculated as equivalent dose using chemical data and average
daily exposure assumptions. With more available information such as pharmacokinetic and toxicity data, the multiroute dose closely related to the target response can
be estimated using a physiologically-based pharmacokinetic (PBPK) model. The
objective in this study was to investigate these methods in a proposed tiered analysis within a drinking water exposure assessment framework. A PBPK model was derived to determine the human dose equivalent of vinyl chloride in drinking water
following a shower exposure scenario. For an average shower exposure, a dermal
and inhaled point of departure in humans was extrapolated from a rodent PBPK
model and target liver metabolism dose-response relationship. The resulting model
dose estimates were transformed to an oral dose equivalent (L-eq) for vinyl chloride
in drinking water, and compared with values calculated using the tiered approach.
The modeled dose estimates (inhaled 0.5 and dermal 2.0 L-eq) were as conservative
as the L-eq values that were generated using chemical exposure data (inhaled 1.0
and dermal 3.0 L-eq). A tiered analysis framework based on available data using
the different computational techniques is a scientifically meaningful approach supporting risk assessment practices of chemicals and contaminants in drinking water.
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DISCREPANCIES AMONG ACUTE GUIDELINE VALUES
FOR EMERGENCY RESPONSE.

M. Öberg, M. Johansson, N. Palmen and G. Johanson. Institute of
Environmental Medicine, Karolinska Institutet, Stockholm, Sweden.
Acute guideline values are tools for public health risk assessment and management
during planning, preparedness and response related to sudden airborne release of
hazardous chemicals, for example after an industrial accident or terrorist attack. A
comparison of the two most frequently used set of values, i.e. the Acute Exposure
Guideline Levels (AEGL) and the Emergency Response Planning Guidelines
(ERPG), reveal that the individual values diverge by a factor of 3 or more for almost
40% of the 88 investigated substances, including many of high production volume.
These deviations can be explained by differences in selection of critical effect or
critical study and in a few cases differences in interpretation of the same critical
study. The issue of asthmatics was investigated in more detail, as this as a potentially
susceptible subpopulation of considerable size. It is stated in the AEGL Standing
Operating Procedures that asthmatics are considered as a susceptible group, still
67% of the AEGL chemicals do not include any data or comments on asthmatics.
Moreover, only 6% of the AEGL chemicals include references to experimental data
from human volunteers with asthma and many of these references do not appear in
nine other sets of acute reference values that we examined (covering guidelines for
emergency response as well as short-term occupational exposure limit). Thus, there
seems to be a significant lack of data related to the susceptibility of asthmatics and
where data are present they are frequently unknown or disregarded. In conclusion,
there is a need for international harmonization in the area of acute guideline values.
Key factors for broad international acceptance include transparency in the key document and the decision process as well as agreement on definitions of toxicological
tiers and susceptible target populations such as asthmatics. Lack of harmonization
and transparency may interfere with trustful and efficient communication and
management during preparedness and response to sudden chemical releases.

136

COMPARATIVE STUDY ON THE UTILITIES OF
ANIMAL EXPERIMENTAL DATA FOR RISK
ASSESSMENT OF INHALATION EXPOSURE TO
CHEMICALS.

Y. Aoki1, Y. Matsumoto2 and M. Matsumoto1. 1Center for Enviromental Risk
Research, National Institute for Environmental Studies, Tsukuba, Ibaraki, Japan and
2Institute of Statistical Mathematics, Tachikawa, Tokyo, Japan.
Health risk assessment of chemicals in ambient air should be evaluated using the information obtained from epidemiological studies first in Japan, but toxicity data
derived from epidemiological studies are often limited to the cases of occupational
exposure. As preventive measures against exposure have been progressed in recent
years, the cases toxicity expression due to high dose will be expected as quite rare. In
future health risk will be assessed mainly on the basis of animal study instead of epidemiological study. However, there are species differences between human and animals. We intended to confirm whether the extrapolation of species difference using
uncertainty factor and other is appropriate. Already, air quality standards or guideline values for air are established in Japan on the basis of epidemiological study. We
re-evaluated cancer risk of vinyl chloride (VC) and 1,3-butadiene (1,3-BD) on the
basis of animal study and compared with the result of assessment based on epidemiological study. Guideline values for air of VC and 1,3-BD in Japan was already
established as 10 and 2.5 μg/cubic meter, respectively, which was evaluated from
cancer risk level at 1 in 100,000 based on epidemiological studies. Cancer risk level
of VC and 1,3-BD at 1 in 100,000 evaluated on the basis of animal inhalation studies was 1.7 - 19 and 0.6 - 7.2 μg/cubic meter, respectively; the guideline value for
air of these chemicals were in the ranges of risk levels evaluated from animal studies.
Usefulness of animal experiment data for health risk assessment will be discussed.
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EFFECTS OF ACUTE EXPOSURE OF HUMAN
PRECISION-CUT LUNG SLICES TO CHEMICALS.

L. Lauenstein1, S. Switalla1, F. Prenzler1, C. Förster2, O. Pfennig2, E. Corsini3,
N. Krug1, A. Braun1 and K. Sewald1. 1Immunologie, Allergologie und
Immuntoxikologie, Fraunhofer ITEM, Hanover, Germany, 2KRH-Klinikum
Nordstadt, Hanover, Germany and 3Laboratory of Toxicology, University of Milan,
Milan, Italy.
Introduction: A number of low-molecular weight (LMW) chemicals at workplaces
are involved in the development of occupational asthma, one of the most common
lung diseases in developed countries. Risk assessment is normally performed in animal experiments, however, in the context of REACH and the principle of 3Rs
there is an increasing public demand for alternative methods. Human precision cut
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lung slices (PCLS) is an ex vivo approach in which all relevant cell types of lung tissue are present in their natural position. The aim of the studies was to establish
PCLS as a relevant toxicity model for LMW chemicals.
Methods: Human PCLS were prepared from peripheral tumor-free tissue from resected lung lobes of cancer patients. PCLS were incubated with 20 industrial chemicals in serum-free DMEM under standard submerged cell culture conditions.
PCLS without test substances were incubated as controls. After 24 hours incubation, induced toxicity was assessed by vitality staining and determination of enzymatic activity using WST-1 assay. The concentrations of chemicals resulting in tissue viability of 75% (EC25) with respect to vehicle controls were calculated for all
chemicals.
Results: Concentration dependent toxicity could be shown for all tested chemicals
with EC25 ranging from 0.051 μg/mL to 1895 μg/mL. Individual EC25 values
correlated significantly with data published for in vitro approaches with THP-1 and
NCTC cell lines (r = 0.87 and 0.83, respectively). Furthermore EC25 of human
PCLS correlated with LD50 data published for in vivo rat inhalation toxicity with
r of 0.53 (p value of 0.08).
Conclusion: The toxicity of chemicals in human PCLS resembles the in vitro situation very closely and also correlates with LD50 values from in vivo studies. Thus,
PCLS can be regarded as an ex vivo primary tissue toxicity model, displaying toxicity on all relevant cell types of lung tissue and excluding abnormal characteristics of
cell lines.

old, AEGLs were most similar to their adjacent upper exposure duration value (i.e.
8-hr, R2 > 0.98). Cross-threshold analyses of AEGLs-1 showed highest correlations
with the 8-hr AEGLs of the other thresholds (0.91 < R2 < 0.98). Interestingly,
cross-threshold analysis of AEGLs-2 (and also AEGLs-3) showed that they were
most correlated with the 1/6-hr AEGLs of the other thresholds (0.81 < R2 < 0.98
and 0.67 < R2 < 0.97, respectively). From these analyses two high-correlation and
time-specific extrapolation methods for estimating missing AEGLs were deduced.
Since most missing AEGL data were from AEGL-1 threshold, the analysis suggested that for each compound, these values can be confidently cross-extrapolated
within and across thresholds using scaling coefficients derived by the orthogonal
least-squares regression. AEGL data at adjacent upper exposure duration were observed to be least “noisy,” perhaps due to a lesser time-scaling factor applied. In the
future, structure-activity relationship, time-scaling relationships, and biological relevance of AEGL compounds will be investigated, which may explain the high correlations across exposure durations and severity threshold levels established in the
present study.
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STATISTICAL ANALYSIS OF THE ATSDR DATABASE OF
CHEMICAL HEALTH GUIDANCE VALUES (HGVS).

E. Demchuk and Y. Tie. ATSDR/CDC, Atlanta, GA. Sponsor: B. Fowler.
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ARE OELS AND DNELS THE SAME THING? A
QUANTITATIVE COMPARISON OF THE EUROPEAN
INDICATIVE OCCUPATIONAL EXPOSURE LIMITS
AND THE DERIVED NO-EFFECT LEVELS FOR
WORKERS UNDER REACH.

G. Johanson1 and L. Schenk2, 1. 1Work Environment Toxicology, Karolinska Institute,
Stockholm, Sweden and 2Division of Philosophy, Royal Institute of Technology,
Stockholm, Sweden.
The new European Union (EU) REACH legislation requires Derived No-Effect
Levels (DNEL) to be calculated for substances produced in quantities >10
tonnes/year. Meanwhile, the setting of occupational exposure limits (OEL) continues both at the member state and the EU level. Most OELs established at the EU
level are not binding for the Member States (Indicative OEL Values, IOELV). The
IOELVs are implemented by the European Commission as an EU Directive following proposals from the Scientific Committee for Occupational Exposure Limits
(SCOEL). Although the DNELs and IOELVs thus belong to different sets of legislation and serve different purposes, the latter may, according to REACH, under
some circumstances be used as worker-DNELs. On the other hand, workerDNELs will be derived for several thousand substances, far more than the roughly
100 substances for which IOELVs have been established. Thus, the procedure to set
health-based OELs may become influential on that of DNELs and vice versa. In
this study, we compare the safety margins of 88 SCOEL recommendations with
those of the corresponding worker-DNELs. The latter were derived according to
our interpretation of the REACH guidance document. Overall, the REACH safety
margins were approximately six times higher than those derived from the SCOEL
documentation but varied widely with REACH/SCOEL safety margin ratios ranging by two orders of magnitude, from 0.3 to 58 (n=88). The discrepancies may create confusion in terms of legal compliance, risk management and risk communication. We also found that the REACH guidance document, although encompassing
detailed advice on many issues, including default assessment factors for species and
route extrapolation, gives no quantitative guidance on when and how to depart
from defaults.
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DERIVATION OF SURROGATE ACUTE EMERGENCY
GUIDANCE LEVELS (AEGLS) BY STATISTICAL CROSSEXTRAPOLATION WITHIN AND ACROSS SEVERITY
THRESHOLDS.

M. T. Chu, C. J. Collar and E. Demchuk. ATSDR/CDC, Atlanta, GA. Sponsor:
B. Fowler.
AEGLs are comprehensively peer-reviewed protective action criteria for assessing
the risk of hazardous chemical inhalation exposures in emergency response situations. They are developed for three severity thresholds (AEGL-1: discomfort,
AEGL-2: disabling, AEGL-3: lethal) at five exposure durations (1/6, 1/2, 1, 4, and
8 hours). Currently, only 66 compounds have finalized AEGLs, 192 interim, and
12 proposed. And of those, 12% are missing AEGLs for certain exposure durations
and threshold levels, with 10% found in the AEGL-1 threshold (n=420). Statistical
analysis of AEGL pairs across different thresholds and exposure durations showed
high linear correlations between them (0.62 < R2 < 1.0, log-scale). Within a thresh-
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Minimal risk levels are developed by ATSDR to be used as HGVs for populations
exposed to hazardous chemical substances. However, HGVs are currently available
for only a small number of substances. A goal of this work is to develop QSAR
(Quantitative Structure Activity Relationship) models using toxicological information that has been rigorously peer-reviewed by responsible agencies, and then apply
these models to estimate provisional HGVs (pHGVs) for other toxic chemicals that
have not been yet reviewed. The development of a robust database of trustworthy
toxicological information is the key component on this path; at present, the
ATSDR oral toxicity database contains 678 data records for 548 unique pure chemicals. The data were collected with an emphasis on organic compounds. For each
substance, the database record contains the following information: HGV, uncertainty factors for its derivation, LOAEL (lowest-observed-adverse-effect-level),
NOAEL (no-observed-adverse-effect-level), POD (point-of-departure), exposure
duration, and other experimental details about toxicity studies. Descriptive statistics analyses were performed for each toxicity category. Multivariate relationships
were explored using the principle component analysis. Bivariate analysis was applied to relate LOAELs at intermediate to chronic exposure durations, and the
NOEALs to LOAELs. The fitted ratios were 2 ± 0.5 (95% confidence level) and
4.5 ± 1.1, for intermediate-to-chronic LOAEL and LOAEL-to-NOAEL extrapolations, respectively. Both were within the 10-fold range, which is commonly used as
a default uncertainty factor in HGV derivation. Using the new knowledge extracted from the ATSDR database, more chemicals within the feature domain of
the database will be collected to expand the coverage of the chemical space available
as a training set for QSAR modeling. The model stability is expected to be enhanced because of the denser coverage. A robust QSAR pHGV model will benefit
public health by improving the assessment of toxicity risks caused by individual
chemicals and mixtures.
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MODELING OF FUROSEMIDE IN DILISYM™ REVEALS
TESTABLE HYPOTHESES ABOUT HEPATOTOXICITY
MECHANISMS.

S. Q. Siler1, D. J. Antoine2, B. A. Howell1, J. L. Woodhead1, B. Park2 and P. B.
Watkins1. 1The Hamner-University of North Carolina Institute for Drug Safety
Sciences, Research Triangle Park, NC and 2University of Liverpool Center for Drug
Safety Sciences, Liverpool, United Kingdom.
A predictive, quantitative, mathematical model (DILIsym™) is under development as a public-private initiative based on the physiological processes involved in
drug-induced liver injury. The model includes multiple scales, ranging from molecular/cellular interactions to organ-tissue level considerations. Simulated mice, rats,
and humans accurately reproduce the hepatotoxic responses to acetaminophen and
methapyrilene, providing validation of the DILIsym™ model for reactive metabolite mediated toxicity. Furosemide (FS) hepatotoxicity is also thought to be reactive
metabolite mediated, but with some mechanistic differences. FS was also recently
included in the DILIsym™ model, simulating the quantitative aspects of drug metabolism, covalent binding, glutathione, and ATP levels that are described in the literature and from unpublished experiments in mice dosed with 400 mg/kg. ALT
levels were accurately predicted based on these inputs, and multiple hypotheses for
the ATP reductions were tested with additional modeling and simulations. Dosedependent necrosis and associated increases in ALT levels do not appear to be de-

pendent upon mitochondrial toxicity. Rather, simulations that included substantial
(4x) increases in cellular energy expenditure or decreases (75%) in mitochondrial
ATP production due to substrate limitations were more consistent with the experimental hepatotoxic responses. Specific laboratory experiments that will test these
hypotheses were identified and are currently underway, including providing glycolytic substrate to sustain ATP production and levels in mice treated with FS.
Incorporating FS into the DILIsym™ model provided an increased understanding
of the mechanisms associated with FS hepatotoxicity, identified gaps in knowledge,
and suggested multiple testable hypotheses to close these gaps.
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THE AROCLOR 1254 REFERENCE DOSE AS A CASE
STUDY FOR THE DEVELOPMENT OF DATA-DERIVED
EXTRAPOLATION FACTORS TO REPLACE THE
INTERSPECIES UNCERTAINTY FACTOR.

J. D. Schell1, E. Carlson2, J. B. Silkworth2, S. Bodreddigari3, T. R. Sutter3 and
C. H. Sutter3. 1Exponent, Houston, TX, 2General Electric Company, Niskayuna, NY
and 3University of Memphis, Memphis, TN.
A chloracne-like response in rhesus monkeys (Macaca mulatta) serves as the critical
endpoint for the Aroclor 1254 reference dose (RfD). An interspecies uncertainty
factor of 3 was used in the derivation of the Aroclor 1254 RfD, despite the fact that
rhesus display an ultra-sensitive response to polychlorinated biphenyls (PCBs), including lethality. Since the establishment of this RfD in the mid-1990s, much has
been learned regarding the mechanisms behind “dioxin-like” responses such as
chloracne. Furthermore, our laboratory and others have demonstrated that human
cells are relatively insensitive to the “dioxin-like” effects of PCBs. Building upon
our earlier studies using fresh hepatocytes in vitro, we have examined the potency of
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), the “dioxin-like” congener PCB
126, and Aroclor 1254 to induce Cytochrome P450 1A1 (CYP1A1) gene expression in keratinocytes derived from human donors and rhesus monkey. Both PCB
126 and Aroclor 1254 were at least 2 orders of magnitude more potent inducers of
CYP1A1 in rhesus keratinocytes compared to human keratinocytes, similar to that
observed previously for hepatocytes. Interestingly, Aroclor 1254 failed to induce
CYP1A1 beyond 1% of the maximal response level achieved by TCDD in human
keratinocytes. The current observation of a clear species difference in sensitivity to
PCBs between human and laboratory animal cells has been independently replicated in numerous studies and involves species differences in the arylhydrocarbon
receptor pathway. From our quantitative data, we have calculated a data-derived extrapolation factor (DDEF) to account for interspecies differences in toxicodynamics and applied this DDEF to estimate a range of possible Aroclor 1254 RfDs. The
proposed RfD estimates, utilizing the best available science, may explain why realworld exposures to PCBs have not resulted in “dioxin-like” toxicity in humans.
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DIFFERENTIATING ALCOHOL SOURCES IN A DRAM
SHOPPE CASE—A NOVEL MASS-BALANCE
MODELING APPROACH.

M. Dulaney. Dulaney Toxicology Inc., Tallahassee, FL.
Multiple alcohol sources in Dram Shoppe cases are commonplace and it is difficult
to scientifically differentiate between law-abiding establishments and other uncontrolled alcohol sources. This can lead to unfortunate liability as usually only single a
single Blood Alcohol Concentration (BAC) is collected after an accident and many
times it is not uncommon for all alcohol sources to be considered contributory. To
address just such a problem, a time-based, mass-balance model, based on the standard Widmark Equation combined with Monte Carlo simulation, was developed.
The model requires only five input parameters: amount of ethanol consumed per
hour at each source, body weight; Widmark “r” factor; Widmark “β” factor; and
the total time from beginning of the drinking episode to the accident. At least one
BAC, taken after the accident, is also required to validate the input variables selected for the model. The mass balance of each alcohol source is calculated at hourly
intervals. The alcohol mass-balance calculation is applied to the input parameters
“r” and “β”. The full range of Widmark “r” and “β” values from the literature were
utilized in the calculations. The mass balance calculations are used to determine the
relative contribution of the alcohol remaining in the body for each hour.
Remaining alcohol is added to the next hour’s alcohol consumption. The model
calculates each source’s contribution to the hourly BAC over time and defines when
a particular source’s contribution to the total BAC is eliminated. While this situation only evaluated two sources, the model can easily accommodate three to four alcohol sources if the drinking scenario lasts for at least 12 to 14 hours. The type of
alcohol is irrelevant to the model and the drinking episode can be discontinuous as

long as a measurable BAC is still present. This model was able to determine when
Source A’s alcohol liability ended while confirming that Source B’s alcohol was
solely contributory to the accident.
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ASSESSING THE IMPACT OF CHILD/ADULT
DIFFERENCE IN PRESYSTEMIC CLEARANCE ON THE
HUMAN KINETIC ADJUSTMENT FACTOR (HKAF) FOR
INGESTED TOXICANTS.

M. Valcke1, 2 and K. Krishnan1. 1Santé Environnementale et Santé au Travail,
Université de Montréal, Montréal, QC, Canada and 2Institut National de Santé
Publique du Québec, Montréal, QC, Canada.
HKAF, as developed by IPCS/WHO, is aimed at replacing the 3.2-fold default
value used for human variability in noncancer risk assessment. The value of chemical-specific HKAF has been reported by several authors based on child/adult differences in systemic clearance, without accounting for the additional impact of the
presystemic clearance or first-pass effect (FPE) which is critically important for the
oral route. The objective of this study was to evaluate the impact of child-adult differences in FPE on the magnitude of HKAF for ingested toxicants. Steady-state
equations (SSE) that account for presystemic and systemic clearance were validated
by PBPK modeling and were used to compute two dose metrics (arterial blood concentrations (CAss) and rates of metabolism (RAMs)) for oral exposures to 1
μg/kg/d in neonates (0-30 d), infants (1-12 mo), toddlers (1-3 y), and adults. The
required physiological parameters were computed on the basis of body weight
(BW) and height (H), whereas distributions of BW, H and hepatic enzyme content
were taken from the literature. SSE were solved with Monte Carlo simulations in
each subpopulation for hypothetical CYP2E1 and CYP1A2 substrates exhibiting a
range of blood:air partition coefficients (Pb: 1–10,000) and hepatic extraction ratios for the average adult (E: 0.01–0.99). Adjustment of the catalytic turnover as a
function of the hepatic enzyme ontogeny could, in some cases, reduce significantly
the magnitude of the FPE in children. HKAF was computed as the ratio of the
95th percentile value of dose metrics in children over the 50th percentile value in
adults. HKAFs > 3.2 were observed only based on CAss for various Pb values, in
neonates when E ≥ 0.3 for CYP2E1 substrates (max.: 6.3) and in both neonates
and infants when E ≥ 0.1 and 0.7 respectively, for CYP1A2 substrates (max.: 28.3).
Overall, this study showed that child/adult differences in presystemic clearance influence the variability of CAss and the resulting HKAF.
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A SYSTEMS BIOLOGY ANALYSIS TO INFORM HUMAN
HEALTH RISK ASSESSMENT OF BENZENE.

R. Thomas1, A. E. Hubbard1, C. M. McHale1, L. Zhang1, S. M. Rappaport1,
Q. Lan2, N. Rothman2, R. Vermeulen3, K. Z. Guyton4, J. Jinot4, B. R.
Sonawane4 and M. T. Smith4. 1University of California Berkeley, Berkeley, CA,
2NCI, Bethesda, MD, 3Utrecht Universtiy, Utrecht, Netherlands and 4US EPA,
Washington, DC.
Benzene is a ubiquitous environmental hematotoxicant. Benzene causes acute
myeloid leukemia (AML) and myelodysplastic syndromes and has been associated
with lymphoproliferative disorders including childhood lymphoblastic leukemia.
Through its metabolites, benzene induces multiple alterations that likely contribute
to the leukemogenic process. Biological plausibility for a causal role of benzene in
these diseases comes from benzene’s genotoxic effects and toxicity to hematopoietic
stem cells or progenitor cells, from which leukemias arise. This is manifested as lowered blood counts (hematotoxicity), even in individuals occupationally exposed to
low levels of benzene. This effort explores a systems biology approach, encompassing endpoints that are relevant to the leukemogenic process and observed at low
workplace benzene exposures. The analyses utilized samples from low occupational
exposures to examine the dose-response relationship for blood cell counts, biochemical pathways, and expression of genes in the AML pathway. Multiple statistical analyses, including both parametric and non-parametric models that make minimal assumptions about model structure, were explored. The findings revealed
dose-dependent responses below 1 ppm for the AML pathway genes, at both the
pathway and gene expression level. In addition, the pattern of response appears to
change around the 1 ppm region. These responses are considered in view of hypothesized pathways of metabolism that may only be operative below this level. In
all, these analyses aid in elucidating: 1) the adverse effects of benzene at low exposures on pathways and mechanisms relevant to hematotoxicity and leukemia; 2)
susceptible populations; and 3) quantitative approaches to estimate the low-dose
human health risks of benzene exposure. Disclaimer: The views expressed in this
abstract are those of the authors and do not necessarily represent the views or policies of the US EPA.
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QUANTITATIVE STRUCTURE-ACTIVITY
RELATIONSHIP MODELING OF ANIMAL OCULAR
TOXICITY.

H. Zhu1, 2 and R. L. Solimeo2. 1The Rutgers Center for Computational and
Integrative Biology, Rutgers University, Camden, NJ and 2Chemistry Department,
Rutgers University, Camden, NJ.
Regulatory agencies require testing of chemicals and products to protect workers
and consumers from potential eye injury hazards. Animal screening for potential
environmental toxicants is time-consuming and costly. Therefore, virtual screening
using computational models to tag potential ocular toxicants is attractive to toxicologists and policy makers. We have developed Quantitative Structure Activity
Relationship (QSAR) models for a set of small molecules with animal ocular toxicity data compiled by the NTP Interagency Center for the Evaluation of Alternative
Toxicological Methods (NICEATM). The dataset was initially curated and harmonized by removing duplicates, mixtures and inorganics. The remaining 85 compounds were used to develop QSAR models. We applied both k nearest neighbor
(kNN) and random forest (RF) statistical approaches. All models were generated
and validated by using a standard ten-fold external cross validation procedure.
Briefly, the dataset was randomly divided into ten subsets; each subset was systematically used as an external set while the other nine jointly formed a modeling set.
The external correct classification rates averaged across 10 validation folds were
60% for both kNN and RF models. Model applicability domains (AD) were defined and implemented during external validation and improve the predictivity to
68%. The Y-randomization test yielded no statistically significant models, which
eliminated the possibility of chance correlation. The validated models could be
used to screen external chemical libraries and prioritize chemicals for in vivo screening as potential ocular toxicants.
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APPLICATION OF A DECISION TREE TOOL TO THE
EVALUATION OF CUMULATIVE RISKS FROM
MIXTURES OF POLAR COMPOUNDS MEASURED IN
EUROPEAN SURFACE WATERS.

P. S. Price and X. Han. Toxicology & Environmental Research & Consulting, The
Dow Chemical Company, Midland, MI.
A decision tree for the assessment of cumulative chemical risks has been developed
by Cefic based on WHO and EU guidance and industry-sponsored research on the
Maximum Cumulative Ratio. The tool organizes individuals’ exposures into three
groups, 1) low concern, 2) where one or more individual compounds are a concern
by themselves, and 3) where individual chemicals are not a concern but where cumulative exposures warrant higher tier evaluation. The tool also identifies where information on mode of action (MoA) is needed for refining the assessment. The decision tree is applied to a set of 122 mixtures containing 4-34 polar chemicals
measured in European surface waters (Loos et al. 2008). A screening exposure assessment was performed by assuming chronic exposure via drinking water to a 60
kg adult consuming 2 l/day of water. Toxicity data were taken from published noncancer standards or estimated using the Threshold of Toxicological Concern. The
assessment identified one compound (estrone) that, by itself, was a concern for 5
mixtures. Data on MoA were not available for all compounds; therefore, a dose-additive model was used (a Tier 0 assessment). One mixture had a cumulative exposure of concern (HI = 1.2). The MCR for the mixture is1.06, indicating that the
dominant compound, perfluorooctanoate (PFOA), provides 94% of the mixture’s
toxicity. When performing a Tier 2 assessment chemicals are grouped based on a
common MoA. The finding of HI >1 for the mixture only occurs when PFOA and
1-Methyl-1H-benzotriazole fall in a common grouping. As a result, MoA data are
most important for this pair of compounds. In summary, the decision tree allowed
the evaluation of the cumulative risk posed by a large number of mixtures containing up to 33 components. Most of the mixtures (116) were found to pose little concern either when the components were evaluated independently or in combination.
One compound was identified for further evaluation (estrone) and the MoA data
needed to perform for a Tier 2 assessment was identified.
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DETERMINING THE IMPACT OF UNCERTAINTY IN
NONCANCER STANDARDS ON VALUES OF MAXIMUM
CUMULATIVE RATIO (A MEASURE OF THE NEED FOR
CUMULATIVE RISK ASSESSMENTS).

X. Han and P. S. Price. TERC, Dow Chemical, Midland, MI.
The Maximum Cumulative Ratio (MCR) is a measure of the need for performing
cumulative risk assessments (CRAs). For exposure to mixtures, MCR is defined as
the ratio of the Hazard Index (HI) to the maximum Hazard Quotient (MHQ)
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from a component. Monte Carlo analysis was used to characterize the uncertainty
in HI and MHQ that comes from the uncertainties in the components’ human
health standards. Probabilistic models of the uncertainty in HI and MHQ values
were created for 3,099 mixtures of 81 plant protection products (PPPs), previously
analyzed in Price and Han (2011). Different sets of MCR values were obtained
based on different levels of conservativeness (50th, 95th, and 97.5th percentiles) in
estimating HI and MHQ. These HI and MCR values were compared to values set
using actual (deterministic) PPP standards. The models treat the concentration data
and Points of Departure in the standards as point estimates while sampling values
for the uncertainty factors (e.g., animal-to-human extrapolation) from probability
distributions taken from the literature. The deterministic standards on average fell
at the 6th percentile of the standards’ uncertainty distributions while the deterministic values of HI and MHQ on average fell between the 95th and 97.5th percentiles of the uncertainty distributions. The averages of MCR values of the mixtures based on the 50th (MLE), 95th and 97.5th percentiles of HI and MHQ were
3.0, 1.5 and 1.4 respectively. The average MCR value based on the deterministic
standards was 1.8. These indicated that compared to treating the uncertainty factors deterministically (i.e., point estimation) for setting the PPP standards, using
MLE of PPP toxicity can generate larger values of MCR. However, increased conservativeness (95th and 97.5th percentiles of HI and MHQ) results in smaller
MCR values and implies less need for CRAs.
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APPLICATION OF A DECISION TREE METHODOLOGY
FOR MULTICONSTITUENT CHEMICAL
FORMULATIONS.

M. Heneweer. Shell Health, Shell International BV, the Hague, Netherlands.
There are a vast number of possible combinations of chemicals to which individuals are exposed and risk assessment of these exposures are of resource-intensive nature. A decision tree for the assessment of cumulative chemical risks has been developed by Cefic, based on WHO and EU guidance and industry-sponsored research
on the Maximum Cumulative Ratio MCR. The MCR is a tool to determine when
cumulative assessments are most required. The goal of this study was 1) the application of MCR to marketed multi-constituent formulations, 2) identification of
potential risk of human exposure to the multi-constituents and 3) assessment of
whether risk was attributable to a true mixtures-effect or to one or two main components. For each individual constituent in the formulations, Hazard Quotients
(HQs) were calculated based on conservative estimations of exposure and a reference dose (e.g. DNEL). Subsequently, a Hazard Index (HI) and MCR of the formulation were calculated. For illustration, when a DNEL was used to assess the
need for cumulative risk assessment of one formulation, HI was 9.57 and a HI〉1 requires calculating an MCR. MCR was calculated to be 1.28 and when MCR〈2, the
toxicity is dominated by one component and there is a low concern for combined
effects. A MCR value of 1.28 indicates that any potential risk of exposure could be
attributed to one component of the mixture. Appropriate action in this primary
chemical should suffice and no elaborate cumulative risk assessment is needed for
this formulation. Comparison of usage of different reference doses shows that the
HQ, HI and MCR change; however, the overall conclusions remain the same. The
decision tree and the MCR is a practical, conservative and robust tool. Its application to the cumulative assessment of the risks from constituents in this formulation
demonstrates the potential value of the MCR for characterizing the need for cumulative risk assessments.
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EVALUATION OF LOW-DOSE SYNERGY IN A BINARY
MIXTURE.

R. P. Brown, N. Ergen, H. Dinesdurage, S. Hamilla, C. Cochran and A.
Komiyama. CDRH, US FDA, Silver Spring, MD.
There is considerable experimental support for the hypothesis that interactive effects are not likely to occur among components of a mixture when the constituents
are present at concentrations below their respective NOAEL values. Nevertheless,
greater-than-additive effects can occur when the components of the mixture are
present at their NOAELs, especially for compounds with the same mode of action.
This study evaluated the potential for interactions to occur between components of
a binary mixture (saline extracts of BUNA rubber and nitrile rubber) that are toxicologically similar, but don’t necessary have the same mode or mechanism of action.
Interactive effects of the mixture components were evaluated at the respective
NOAEL of each component of the binary mixture, and at concentrations just
below (1/3 of NOAEL), or well below (1/10 of NOAEL) their NOAEL values.
Interactive effects were evaluated using in vitro hemolysis of bovine erythrocytes as
the endpoint. Greater-than-additive interactive effects were observed when the
mixture components were present at the NOAEL, but not when one of the mixture
constituents was present at 1/3 or 1/10 the NOAEL and the other was present at
the NOAEL, or when both were below the NOAEL. These results lend support to

the hypothesis that interactive toxicological effects can occur when the components
of a toxicologically similar mixture are present at their respective NOAEL values,
but are not likely at concentrations below their NOAELs, at least in this test system.
From a regulatory perspective, such findings are important for assessing the potential for toxicological interactions to occur in low-dose exposure scenarios.
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THE IMPACT OF MIXTURE COMPOSITION, MIXING
RATIO AND DOSE ON THE INTERACTIONS AMONG
THE FOUR TRIHALOMETHANES (THMS) REGULATED
IN DRINKING WATER.

J. Simmons1, C. A. Dingus2, L. K. Teuschler3, G. E. Rice3, Y. M. Sey1 and A.
McDonald1. 1NHEERL, US EPA, Research Triangle Park, NC, 2Battelle, Columbus,
OH and 3NCEA, US EPA, Cincinnati, OH.
Oxidizing disinfectants reduce microbial contamination but react with inorganic
and organic materials in water forming disinfection byproducts (DBPs). The U.S.
EPA regulates 4 THM DBPs (chloroform, CHCl3; bromodichloromethane,
BDCM; chlorodibromomethane, CDBM; bromoform, CHBr3) as a group. Our
objective was assessment, under an assumption of dose addition, of hepatotoxicity
(serum sorbitol dehydrogenase, alanine aminotransferase, aspartate aminotransferase) of the 6 binary combinations of the 4 THMs. Individual THMs and mixtures were tested in female CD-1 mice (14 days of daily oral gavage) across a dose
range that included no/low and overt response (0.1 – 3.0 mmol/kg/day). DBPs
were combined at equimolar ratios (EQ) and at ratios representing disinfection by
chlorination (Cl). Dose additivity models consistent with Berenbaum’s definition
of additivity were developed with individual THM data. Toxicity increased significantly with dose for each individual THM and endpoint. The overall test for departure from dose additivity was significant (p<0.02 – p<0.001) for each mixture
containing CHBr3 (the least prevalent THM in chlorinated water); with
Hochberg’s correction applied (alpha=0.05), less-than-additive (antagonistic) toxicity was observed at the highest dose level of the EQ (CHCl3:CHBr3,
BDCM:CHBr3) or the Cl (CDBM:CHBr3) mixtures. Deviation from additivity
was not detected at the lower dose levels of the CHBr3 containing mixtures.
Toxicity of the CHCl3:BDCM, CHCl3:CDBM and BDCM:CDBM mixtures was
generally consistent with dose additivity. In summary, these data emphasize the importance of careful consideration of mixture composition and mixing ratio as well
as the need for dose-response assessment that includes both the low dose and the
overt response region when evaluating the health risks from exposure to mixtures
present in the environment at low levels. (This abstract may not reflect EPA policy.)

152

IN VIVO TOXICOKINETIC INTERACTIONS BETWEEN
THREE MEDICINAL DRUGS AND
TRICHLOROETHYLENE IN RAT.

M. Cheikh-Rouhou2, G. Charest-Tardif1 and S. Haddad1. 1Environmental and
Occupational Health, IRSPUM, Université de Montréal, Montréal, QC, Canada and
2Biological Sciences, TOXEN, UQÀM, Montréal, QC, Canada.
We recently demonstrated that some pharmaceuticals can modulate the in vitro metabolism of trichloroethylene (TCE) in rats and humans. The objective of this
study was to assess the in vivo significance of observed interactions between TCE
and three selected drugs, i.e., valproic acid (VA), salicylic acid (SA) and naproxen
(NAP). All groups of rats were exposed by inhalation to TCE (50 ppm; 6 h) in inhalation chambers. Groups co-treated with one of the drug were also given an oral
dose (10 times the recommended daily dose, mg/kg) just an hour before of TCE exposure. Blood, urine and various tissue samples were collected at different time
points and analyzed by headspace-GC coupled to an electron capture detector to
determine the levels of TCE and metabolites (i.e., trichloroethanol [TCOH] and
trichloroacetate [TCA]). Results show that NAP significantly increases free and
total TCOH levels in the blood (i.e., up to 50%). This modulation was found to be
significant up to 90 minutes after the end of exposure (p≤0.05 for free TCOH,
p≤0.001 for total TCOH). This increase in blood TCOH can be explained by an
inhibition of glucuronidation. VA and SA coexposures, revealed a significant increase (i.e., up to 50%) in blood levels of TCE (p≤0.05). For VA, the peak interaction occurs at 30 and 60 minutes, while for SA this occurs at 120 minutes after the
end of exposure. It can also be observed that these two drugs behave differently on
TCOH levels. VA has no significant effect on blood TCOH levels, but is responsible of a significant increase in urine TCOH (p ≤ 0.05). SA, on the other hand, induced an increase of total TCOH levels in blood at 30 and 60 minutes after the end
of exposure (p ≤ 0.05). Only NAP had a significant (p ≤ 0.05) impact on TCA levels in the liver (increase). The results of this study confirm that these drugs may interfere with TCE kinetics in vivo. Future efforts should be directed to evaluate if
chronically medicated populations have greater health risks related to TCE exposure.
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THE OXIDATIVE METABOLITES OF MEHP INHIBIT
TESTOSTERONE PRODUCTION IN A RAT TUMOR
CELL LINE ASSAY.

J. Campbell1, P. Balbuena1, R. Clewell2, M. E. Andersen2 and H. Clewell1.
1Center for Human Health Assessment, The Hamner Institutes, Research Triangle
Park, NC and 2Institute for Chemical Safety Sciences, The Hamner Institutes,
Research Triangle Park, NC.
Phthalate esters have been shown to disrupt sexual development in the male rat
after gestational exposure, which is at least partially due to reduced testosterone
synthesis in the fetal Leydig cell. While human exposure is primarily to the diester,
rapid hydrolysis to the monoester occurs in the gut, blood and liver via side chain
cleavage from the phthalic acid backbone. We previously developed a rat Leydig cell
(R2C) assay to test antiandrogenic activity of the PEs in vitro. In agreement with in
vivo studies, T synthesis in R2C cells was inhibited by monoethylhexyl (MEHP)
and monobutyl (MBP), but not monoethyl phthalate. In vivo, MBP is primarily
cleared by glutathione conjugation and excretion in urine and feces. However,
MEHP undergoes extensive oxidative metabolism resulting in hydroxyl, oxo and
carboxyl metabolites. The oxidative metabolism occurs primarily on carbons 2 and
5 of the side chain. In this study, we have exposed R2C cells in monolayer culture
to four metabolites of MEHP (5-hydroxy, 5-oxo, 5-carboxy and 2-carboxy MEHP)
to ascertain whether or not these metabolites may contribute to the overall in vivo
potency of MEHP. Compared to MEHP, the 5-oxo metabolite was approximately 5
times more potent at reducing testosterone. The remaining metabolites exhibited
potencies below that of MEHP; however, all were able to reduce testosterone production in R2C cells. The order of potency was 5-hydroxy>MEHP>5-oxo>5-carboxy>2-carboxy. The toxic equivalents for the four metabolites compared to
MEHP were approximately 5, 0.8, 0.6 and 0.35 for 5-hydroxy, 5-oxo, 5-carboxy
and 2-carboxy, respectively. Thus, these oxidative products should be considered
when determining the contribution of DEHP to cumulative risk from phthalate exposures.
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IMPLEMENTATION OF THE HAZARD INDEX
APPROACH IN FIELD ASSESSMENT OF CHEMICAL
MIXTURES.

M. Mumtaz1, P. Bourdillon1, P. Ruiz1 and D. Mellard2. 1Division of Toxicology
and Environmental Medicine, CDC ATSDR, Atlanta, GA and 2Division of Health
Assessment and Consultation, CDC/AISDR, Atlanta, GA.
The issue “Do chemical mixtures pose added risk?” has been a long time concern of
health assessors. Three basic data driven approaches with some variations are part of
various federal agency guidance. Of these, when exposure data are available, the
hazard index (HI) approach is used most often. A recent review of 80 record of decision documents (ROD) revealed the following breakdown for the HI values: 0 to
<1 (19%); 1 to <10 (36%); 10 to <100 (30%), and100 to 2,523 (15%). In the
RODs, HI values can be found for various age, gender and life stages of a human
population. A HI = 135 for neurological effects and HI = 52 for hepatic effects was
calculated in an ATSDR health assessment of the Conrail site, where high level exposures occurred to trichloroethylene and carbon tetrachloride. Thus, when data
are available effect specific HIs are calculated that can help in decision making. In
this case, portable water was provided to the population as an alternative source.
Because HIs are based on the principle of dose or response addition chemical interactions such as synergism and antagonism should also be considered when using HI
values. Palmerton, a zinc smelter site, had high soil levels of zinc, lead, and substantial levels of other metals. These pollutants can potentially cause neurological,
hematological, hepatic and testicular toxicities. The issue at this site was can the soil
cleanup-goals for lead be relaxed because of zinc inhibition of other toxicities. The
recommendation for this site was that additional joint toxicity data for testicular
toxicity were needed and until then the clean-up levels could not be lowered. It is
important to understand the advantages and limitations of a method before its implementation. Even though this is the most often used approach, HI values have
several uncertainties associated with them. They can be fined-tuned for specific use
and can provide insight to the risk characterization and risk communication.
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MIXTURES OF ENDOCRINE DISRUPTORS: HOW
SIMILAR MUST MECHANISMS BE FOR
CONCENTRATION ADDITION TO APPLY?

T. Webster. Department of Environmental Health, Boston University School of Public
Health, Boston, MA.
Rationale: Must molecular mechanisms be the same for concentration addition or
is it sufficient to affect similar pathways and common outcomes? Does concentration addition provide a closer approximation to observations than alternative models such as effect summation? Suppose effects are mediated by hormone A through
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receptor R, synthesis of A is reduced by compound B, and that C is a competitive
antagonist to A. Both B and C reduce levels of the receptor-ligand complex AR but
via different specific mechanisms. Are combinations of B and C concentration additive?
Methods: We used simple mechanistic, pharmacodynamic models, deriving mathematical models using equilibrium binding and mass balance. Assume A binds the
receptor at one site of R with effects proportional to the concentration of AR. Let C
act as a competitive antagonist via the Gaddum equation. Let B affect synthesis of
A via a function g([B]). We derive a model describing the joint response surface of
B and C, and a function describing its isoboles.
Results: Under concentration addition, the isoboles must be negatively sloped
straight lines. We show that linearity of the isoboles depends crucially on g([B]).
The mixture is concentration additive if g’’([B]), the second derivative of g([B])
with respect to B, is zero. It is supra-additive if g’’([B]) is positive and sub-additive
if g’’([B]) is negative. We describe functions g([B]) that lead to all three cases as well
as one that is supra-additive in some regions and sub-additive in others.
Discussion: At least in this simple model, concentration addition cannot be assumed based on action on a common hormone: mixtures of competitive antagonists and compounds that alter hormone synthesis can lead to results that are concentration additive, supra-additive or sub-additive. Nevertheless, concentration
addition provides a closer approximation to the mechanistic model than effect summation. Care needs to be taken in extrapolating from the model used here to other
situations, but analysis of simple mechanistic models appears to be a useful strategy.
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DISCRIMINATORY POWER OF STANDARD TOXICITY
ASSAYS USED TO EVALUATE CIGARETTES.

M. Oldham1, H. Haussmann2, W. Gomm3, L. T. Rimmer1, M. J. Morton1 and
W. J. McKinney1. 1Altria Client Services, Richmond, VA, 2Toxicology Consultant,
Roesrath, Germany and 3GommConsult, Roesrath, Germany.
Toxicological acceptability of materials or products are typically based upon results
from a battery of in vitro and in vivo assays. In most cases decisions are based on absence or presence of biological activity. In some cases, however, the tested product is
biologically active in toxicity assays (e.g., cigarettes). In these cases it is difficult to apriori determine the assays statistical discriminatory power. A large experimental
dataset from a multi-year program of cigarette ingredient testing performed at two
separate laboratories using similar methods was used to determine discriminatory
power for chemical-analytical testing, Salmonella mutagenicity, cytotoxicity and
90-day rodent inhalation assays. Discriminatory power was measured using the
minimum detectable difference (MDD) statistical method, which is the smallest
difference that could reliably be detected assuming a defined sample size, significance level (p<0.05), power (80%) and variability. The MDD of 37 different cigarette mainstream smoke constituents ranged from 6-29% of the average yield.
MDDs for the in vitro Salmonella mutagenicity and cytotoxicity tests ranged from
20-81% and 18-49% of the average activity, respectively. In the 90-day nose-only
inhalation studies MDDs were: 30-40% for body weight; 6-43% for organ weights;
2-155% for hematology endpoints; 1-53% for clinical chemistry endpoints; and
23% and higher for histopathological findings with minimum differentiable severity scores between 0.5 and 1.5. While there are differentiable endpoints in all of the
assays, in general, discriminatory power decreases with increasing biological complexity and toxicological relevance of the assay. Therefore, statistical analysis is only
part of a weight-of-the-evidence analysis conducted by experienced researchers for
the toxicological assessment of a cigarette ingredient.
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THE PHOSPHORYLATION PATTERN OF HSP27
REVEALS THAT THE TOXICITY PATHWAY OF
OKADAIC ACID PREDOMINATES OVER THAT OF
PALYTOXIN IN HUMAN CELLS EXPOSED TO THE
TOXIN MIXTURE.

G. Rossini, G. Sala and M. Bellocci. Scienze Biomediche, Università di Modena e
Reggio Emilia, Modena, Italy.
Toxicity pathways (TP) and their interactions in biological systems have been studied by analysis of proteomes of cultured human cells exposed to toxins and toxin
mixtures. When MCF-7 cells were exposed to either okadaic acid (OA) or palytoxin
(PlTX), two algal toxins possessing different molecular mechanisms of action, covalent modifications of stress response proteins marked their cytotoxic effect (Sala et
al., Chem. Res. Toxicol; 22, 2009, 1077-1085 and 2009-2016). The phosphorylation of the Hsp27 protein, in particular, was affected, and isoforms phosphorylated
in Ser82 were found in cells exposed to either OA or PlTX. Based on these observations, we have analyzed the effects mixtures of OA and PlTX exert on the phosphorylation patterns of Hsp27 in MCF-7 cells, to probe possible cross-talks between the TPs of these toxins. Immunoblotting analyses of cell extracts using
antibodies recognizing the total Hsp27 protein pool and several residue-specific
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phosphorylations confirmed our previous data on Ser82, and showed that a prominent increase in phosphorylated Ser78 and Ser15 occurs in cells exposed to OA but
only a marginal effect on these residues is found in PlTX-treated cells. The combined treatment of MCF-7 cells with OA and PlTX, caused increases in the levels
of phosphorylated Hsp27 in an isoform-related fashion, and the phosphorylation
pattern induced by OA dominated the cellular response to the toxin mixture. We
conclude that phosphorylation patterns of Hsp27 are toxin-related when cells are
exposed to OA and PlTX, either individually or in combination. These results then
indicate that the Hsp27 protein represents a node of TPs of OA and PlTX in
human cells, and suggest that the molecular mechanisms responsible for different
phosphorylation patterns of Hsp27 in cells exposed to these toxins, individually or
in combination, might not be identical.
This study is supported by the Italian MIUR (grant 2009JS5YX9).
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EVALUATION OF MIXTURE EFFECTS AT DOSES
RELEVANT FOR HUMAN SAFETY.

M. Heneweer2 and T. Ecetoc1. 1Taskforce on Mixture Effects, ECETOC, Brussels,
Belgium and 2Shell Health, Shell International BV, the Hague, Netherlands.
Mixture toxicology has been a topic of interest for many years, with thousands of
studies being conducted. Currently, the European Commission is looking at ways
to include mixture toxicity in existing legislation. The focus should however remain
on effects of mixtures which reflect real-life exposures, where each chemical is likely
to be present below its threshold of toxicity. An ECETOC Taskforce has reviewed
the evidence for unexpected effects, when each component in a mixture is at a dose
below a threshold of toxicity. A thorough literature review of over 500 papers was
conducted with strict criteria for papers to be accepted as relevant for the review.
Considered relevant were studies where the combinations of chemicals were a)
tested at doses close to (but below) the NOAEL of each components, b) tested at
doses well below the NOAEL of each component, or c) real or simulated environmental mixtures. The task force aimed to evaluate a) whether the evidence on interactions at environmentally or human-relevant doses demonstrates toxicologically
relevant effects and determine whether there are any associations with specific
modes of action, e.g. endocrine disruption, b) whether it is appropriate to assume
dose additivity for substances with common modes of action and c) the adequacy of
current human safety risk assessment practice in light of the conclusions of the
above. From the high number of included studies, a relatively low number discussed effects at or well below NOAEL. The majority of these described additivity
while only a limited number of studies reported deviation from additivity (both antagonism and synergy); the majority of which was observed in in vitro studies.
Occasionally, the nature of the interaction could not be determined, whilst a small
number of studies showed no effects at all. These findings indicate that current legislation (based on single chemicals) with a modification to accommodate for additivity when appropiate, is sufficiently protective against mixture effects on human
health.
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MOTORCYCLE EXHAUST INDUCES BEHAVIOR
TOXICITY IN FEMALE RATS AND OFFSPRING.

H. Yu, T. Li and T. Ueng. National Taiwan University, Taipei, Taiwan.
Emissions from two-stroke motorcycles create a major environmental burden in
urban areas where motorcycles are a popular means of transportation. Motorcycle
exhaust (ME) has higher levels of benzene and butadiene than exhausts from diesel
and gasoline passenger cars. Particulate matters of ME contain carcinogenic aromatic hydrocarbons including benzo(a)pyrene and benz(a)anthracene. The major
purpose of the present study was to determine the behavior effects of ME exposure
on female rats and maternal ME exposure on rat offspring. Female rats were exposed to 1:10 diluted ME by inhalation one hour each in the morning and afternoon daily and Monday through Friday for eight weeks. Control rats were exposed
to clean air. The results of forced swim, light-dark transition, and tail-flick tests
showed that ME produced depression-, anxiety-, and antinociception-like behavioral effects in female rats, respectively. At twelve weeks after cessation of ME exposure, depression-like behavioral effect persisted in female rats exposed to ME; in
contrast, anxiety- and antinociception-like effects were not detected. At the end of
ME exposure, control and ME-exposed female rats were mated with untreated male
rats for two weeks. Behavior tests were done using offspring rats on postnatal day
56. Maternal ME exposure produced depression-like behavior, but not anxiety-like
behavior, in male and female offspring. The maternal exposure produced antinociception-like effect in male offspring, but not in females. These results show that
ME inhalation exposure induces depression-, anxiety-, and antinociception-like behavior toxicities in female rats and maternal ME exposure produces a depressionlike effect in offspring. The underlying basis for the variable reversibility and developmental effect in ME behavior toxicity remains to be investigated.
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TOXICOLOGICAL ASSESSMENT OF HEAVY STRAIGHT
RUN NAPHTHA.

R. H. McKee1, D. Steup2, C. Schreiner3, R. White4 and L. A. Malley5.
1Toxicology and Environmental Sciences, ExxonMobil Biomedical Sciences, Inc.,
Annandale, NJ, 2Shell International, Houston, TX, 3C&C Consulting in Toxicology,
Meadowbrook, PA, 4American Petroleum Institute, Washington, DC and 5E.I.du
Pont de Nemours and Company, Newark, DE.
Motor gasoline is manufactured by blending naphthas, i.e., refinery feedstocks
composed of hydrocarbon constituents suitable for use in gasoline. The types of hydrocarbons found in naphthas are normal-, iso- and cyclo-paraffins as well as aromatics with carbon numbers in the range of approximately C4-C10. Heavy straight
run naphtha (HSRN, CAS number 64741-41-9) has higher levels of cyclo-paraffins than other naphthas, and was tested as a “worst case” example. HSRN was
tested in a combined repeated dose/reproductive toxicity test (OECD 422) to assess
the potential for systemic toxicity, neurotoxicity, and for reproductive and developmental effects. Rats were exposed by inhalation at levels of 100, 500 or 3000 ppm,
6 h/day. Exposures started 2 weeks prior to mating and then through a 2 week cohabitation period. Rats taken for assessment of subchronic toxicity were sacrificed
after approximately 30 days of exposure. In the reproductive toxicity study, exposures continued until gestational day 19; the rats were then held without exposure
to final sacrifice on post-natal day 4. All animals survived the treatment period.
Principal systemic effects were increased liver weights in males and females, attributed to increased metabolic demands; increased kidney weights in males, attributed
to an α2u-globulin-mediated process; and histological changes in the thyroid,
judged by the pathologist to be secondary to liver enzyme induction. None of these
were considered to be toxicologically important. There were no treatment-related
effects in functional observation tests or in the assessment of motor activity. There
were no significant reductions in fertility, no significant changes in other reproductive parameters, and no evidence of developmental toxicity. The overall no observed
adverse effect concentration was 3000 ppm.
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ALTERED GENE EXPRESSION IN HEPG2 CELLS
EXPOSED TO COAL EXTRACT.

A. Guerrero-Castilla, B. Arroyo-Salgado, N. Pajaro-Castro, K. Franco-Valencia,
N. Coronado-Posada and J. Olivero-Verbel. Environmental and Computational
Chemistry Group, University of Cartagena, Cartagena, Bolivar, Colombia.
Exposure to coal dust has been associated with different chronic diseases and mortality risk. This airborne pollutant is produced during coal mining and transport activities, generating environmental and human toxicity. The aim of this study was to
determine the effects of a coal dust methanolic extract on different molecular markers in human hepatoma HepG2 cells. Coal particles obtained from a coal sample
from La Loma, Cesar, Colombia, were extracted for 12 h with methanol in a
Soxhlet apparatus, and then concentrated to dryness by rotary evaporation. The
solid extract was dissolved in dimethylsulfoxide (DMSO) under sonication and
then filtrated. An aliquot of the liquid was mixed with dichloromethane and then
characterized by gas chromatography-mass spectrometry. HepG2 cells were exposed to 5-100 ppm of coal extract for 12 hours, using DMSO as control. Real
Time PCR was utilized to evaluate expression of genes related to oxidative stress,
xenobiotic metabolism and DNA damage. GC/MS analysis showed the coal extract
contains several polycyclic aromatic hydrocarbons (PAHs) including derivatives of
phenanthrene, pyrene and naphthalene, as well as fluoranthene. Compared to vehicle control, mRNA Cyp1a1 (up to 163 fold), Nqo1 (up to 5 fold), and Gadd45b
(up to 2.7 fold) were up regulated, whereas ERCC1, SOD, PRDX1, PPARA,
DDIT3 and GPX1 remained unaltered. This expression profile suggests that cells
exposed to coal dust extract shows aryl hydrocarbon receptor mediated alterations,
changes in cellular oxidative status, and some genotoxic effects. These findings are
similar to those observed in mice living in the coal mining area, and provide evidence that coal dust from these operations may be negatively impacting the biota
and human health. Colciencias/UniCartagena 110749326186, 2009.
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DETERMINING ASSOCIATIONS AMONG
PHTHALATES, NUTRIENTS, AND HYPOHDL.

C. Carr1, C. Gennings1 and P. Factor-Litvak2. 1Biostatistics, Virgina
Commonwealth University, Richmond, VA and 2Mailman School of Public Health,
Columbia University, New York, NY.
Phthalates are known endocrine disruptors that have been shown to have serious
impacts on sexual maturation, but due to their widespread presence, a reduction or
removal of exposure is not in the foreseeable future. For this reason, researchers are
turning to possible behavior modifications that could mitigate these negative effects. A current trend in behavior modification research is to consider good nutri-

tional status as protective of the negative effects of environmental chemicals.
Exposure to both phthalates and nutrients occurs in mixtures and rarely to isolated
components. For this reason, there are inherent correlations among phthalates and
among nutrients. Regression analyses with such complex correlation structures
among predictor variables can lead to problems with significance testing. A reductionist approach is to evaluate a single environmental chemical and a single nutritional component with an outcome. However, we have developed an analysis strategy that incorporates larger sets of chemicals and nutrients, which are more
representative to human exposure and behavior and more robust to complex correlations structures compared to multiple regression. Using a weighted sum index approach we were able to model the associations a set of 11 phthalate monoesters and
17 nutrients have on the risk of developing atherosclerosis as measured by low levels of high-density lipoproteins (HDL). The resulting weights identified a subset of
monoesters and nutrients most associated with hypoHDL. The weighted sum approach results in indices that are easy to understand and visualize, while accounting
for higher dimensional, complex exposure patterns.
This research was partially supported by NIEHS T32ES007334 and NIH
UL1RR031990.
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BENZO(A)PYRENE MODULATES FLUORANTHENE
CYTOTOXICITY AND METABOLISM IN HT-29 COLON
CELLS.

K. L. Harris, J. N. Myers and A. Ramesh. Biochemistry & Cancer Biology, Meharry
Medical College, Nashville, TN.
Our environment is contaminated with a diverse array of chemicals; one of which is
polycyclic aromatic hydrocarbons (PAHs). While some PAHs are potent by nature,
others undergo interactions such as additivity, synergism, antagonism or potentiation to manifest their toxicity. The objective of this study was to investigate whether
exposure to benzo(a)pyrene (BaP), a PAH compound influences the cytotoxicity
and metabolism of fluoranthene (FLA), another PAH compound using HT-29
cells. The cells were cultured in Dulbecco’s Modified Eagle Medium: Nutrient
Mixture F-12 supplemented with 10% FBS and antibiotics
(Penicillin/Streptomycin). Cells were treated with 1, 5, 10, and 25 μM BaP and
FLA (0.01% DMSO as vehicle) individually and in combination for 0-96 hrs. The
cells were synchronized by serum starvation and then counted using a coulter
counter. At the end of exposure, cells were stained with propidium iodide and then
subjected to FACS analysis. Apoptosis was determined by caspase-3 assay. Post-incubation, samples were extracted and analyzed for FLA metabolites by reversephase HPLC. Cells exposed to BaP + FLA showed a decrease in growth as compared to BaP alone, FLA alone and vehicle control cells. Also, a decline in the
percentage of cells in the S and G2 phases compared to G1 phase of cell cycle was
noted when cells were treated with BaP and FLA together, compared to individual
treatments. The rate of FLA metabolism was found to be more when cells were exposed to FLA alone and FLA in combination with BaP, compared to controls. On
the other hand, the difference in FLA metabolic rate between cells that were exposed to FLA + BaP were more than the ones that received FLA. Additionally, cells
produced con¬siderably higher proportion of FLA 2, 3-diol, and 2, 3 D FLA
metabolites when they were exposed to FLA + BaP. The enhanced biotransformation of FLA as a result of concomitant exposure to BaP may have implications for
colon cancer risks arising from human dietary exposure to PAH mixtures through
consumption of barbecued meat (supported by SREB and 1R01CA142845-01A1
grants).
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COMPARISON OF HUMAN TRACHEAL/BRONCHIAL
EPITHELIAL CELLS AND A549 CELLS EXPOSED TO
OZONE OR A PHOTOCHEMICALLY AGED AIR
MIXTURE USING THE UNC OUTDOOR SMOG
CHAMBER.

J. Zavala1, B. E. O’Brien1, K. G. Sexton1, W. Vizuete1, I. Rusyn1 and I. Jaspers1,
2. 1Environmental Sciences & Engineering, University of North Carolina at Chapel
Hill, Chapel Hill, NC and 2Pediatrics, University of North Carolina at Chapel Hill,
Chapel Hill, NC.
We have previously demonstrated using A549 cells that exposures to ozone in a
photochemically aged air pollution mixtures induce greater toxicity than exposure
to ozone alone. This study is an extension of these studies, aimed at comparing adverse effects in different human-derived cell cultures to understand potential differences. Commercially available EpiAirway 3-D human-derived tracheal/bronchial
epithelial cells from MatTek Corporation and A549 human alveolar epithelial cells
were used. In vitro cultures were exposed to clean chamber air (sham), 400ppb of
ozone or a photochemically aged Synthetic Urban (SynUrban) mixture of hydrocarbons, nitrogen oxides, ozone, and other secondary products for 4 hours.
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Basolateral supernatants, apical washes, and RNA were collected at 0, 9, and 24
hours post-exposure. Cytotoxicity was assessed via lactate dehydrogenase (LDH),
IL-6 and IL-8 were measured to determine the inflammatory response, and heme
oxygenase-1 (HO-1) levels were used to determine oxidative stress. Analysis of
A549 LDH levels demonstrates that a photochemically aged urban mixture does
induce greater toxicity than exposure to ozone alone. However, this effect is not observed in the EpiAirway LDH levels detected. Similarly, IL-6 trends were observed
in the A549 cells, but not the EpiAirway cells. Although EpiAirway cells produced
much higher levels of IL-6 compared to A549, no exposure trends can be observed
due to the high variability in expression. These findings indicate that type and magnitude of responses induced by air pollution mixtures may be cell culture model dependent. Therefore, it is important to understand the limitations of each in vitro
model and critical to identify appropriate endpoints for each model.
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TOXICOLOGICAL ASSESSMENT OF PETROLEUM
COKE.

P. Beatty1, R. H. McKee2, D. Herron3, R. White1 and G. M. Hoffman4.
1American Petroleum Institute, Washington, DC, 2ExxonMobil Biomedical Sciences,
Inc., Annandale, NJ, 3West Con Toxicology, Brentwood, TN and 4Huntington Life
Sciences, East Millstone, NJ.
Petroleum coke (CAS number 64741-79-3), the material remaining after thermal
decomposition of petroleum streams, is primarily inorganic carbon but also contains some entrained volatile hydrocarbon material, sulfur, and trace metals.
Previous studies have shown that in rats, repeated exposure to petroleum coke dust
by inhalation results in dust accumulation in the lungs and inflammatory changes
but does not cause tumors or produce other systemic effects. As part of the petroleum industry response to the USEPA High Production Volume (HPV) challenge
program, the potential reproductive effects of respirable coke dust (3.3 micron
MMAD) were assessed in a subchronic toxicity/reproductive toxicity screening test
in rats (OECD 421). The repeated-dose portion of the study in which male rats
were exposed 6h/day, 7 d/week for at least 4 weeks, provided further evidence for
petroleum coke dust accumulation and inflammatory responses in rats exposed to
100 mg/m3 and 300 mg/m3. But there was no evidence of systemic toxicity. The
low exposure level (30 mg/m3) was a no observed effect concentration for all effects. In the reproductive toxicity portion of the test, in which exposures of female
rats began 2 weeks prior to mating and continued to post-natal day 19, the rate of
successful mating was reduced in the high exposure group (300 mg/m3) but was
not statistically different from control values. The post-natal observations did not
indicate any treatment-related differences. Excluding site of contact effects, the
overall no effect level was 100 mg/m3.
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ENVIRONMENTAL EXPOSURE TO POLYCYCLIC
AROMATIC HYDROCARBONS, BENZENE, LEAD, PM10
AND PM2.5 AND THEIR IMPLICATIONS IN OXIDATIVE
DAMAGE IN MEXICAN CHILDREN.

M. Sánchez-Guerra1, L. Hernández-Cadena2, L. Espinosa-Juarez1, V. PérezMonroy1, 3, I. Alvarado-Cruz1, N. Pelallo-Martínez1, V. Mugica4, A. GonzálezPalomo5, 6, R. Angulo1, 4, A. Barraza-Villarreal2, F. Díaz-Barriga6, E. MelgarPaniagua1, A. De Vizcaya-Ruíz1 and B. Quintanilla-Vega1. 1Toxicology
Department, Cinvestav-IPN, Mexico City, Mexico, 2INSP, Cuernavaca, Mor,
Mexico, 3UBIPI-IPN, Mexico City, Mexico, 4Universidad Autónoma Metropolitana,
Mexico City, Mexico, 5Faculty of Chemistry Sciences, Universidad Autónoma de San
Luis Potosí, San Luis Potosí, SLP, Mexico and 6Faculty of Medicine, Universidad
Autónoma de San Luis Potosí, Universidad Autónoma de San Luis Potosí, SLP,
Mexico.
Ecatepec County in Mexico City Metropolitan Area is highly industrialized with
high traffic flow and considered as one of the most polluted regarding particulate
matter (PM); however there are no reports about other air pollutants. We evaluated
the exposure to polycyclic aromatic hydrocarbons (PAHs), benzene, lead (Pb), and
PM10 and PM2.5 and their associations with oxidant damage in children from
Ecatepec County. A cross-sectional study was conducted in 244 school children (710 years old) from this county; urinary concentrations of 1-hydroxypyrene (1OHP), t,t-muconic acid (t,t-MA) as indicators of PAHs and benzene exposure, respectively were determined by HPLC, Pb in blood (PbB) by AAS, PM by
gravimetry, while oxidative damage by means of 8-OHdG in mononuclear cells
(MNC) and plasmatic malondialdehyde (MDA) levels. Several days during the
study, PM10 and PM2.5 concentrations were above the Mexican official standards.
Urinary t,t-MA concentrations were associated with PM10 and PM2.5 levels, while
PbB correlated with PM10. Thirty-six percent of children had PbB levels between 5-
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10 μg/dL and 6% higher than 10 μg/dL; while 15% had t,t-MA levels higher than
the limit for workers (500 μg/g creatinine). The median value of 1-OHP was 0.018
μmol/mol creatinine. Preliminary results from multivariate analyses showed that
PAH exposure is associated with oxidative damage (MDA). We found complex scenarios of air contaminants in Ecatepec County, some on them at very high concentrations; a complete characterization of the mixture and sources of contaminants in
this county is in progress. (Supported by CONACYT-México Grant #106034).
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THE EXPOSOME APPROACH FOR ASSESSING THE
RISK ASSOCIATED TO VOLATILE CONSTITUENTS OF
ENVIRONMENTAL TOBACCO SMOKE (ETS).

D. A. Sarigiannis1, 2, S. P. Karakitsios1 and A. Gotti2. 1Chemical Engineering,
Aristotle University of Thessaloniki, Thessaloniki, Greece and 2Chemical Process
Engineering Research Institute, Centre for Research and Technology Hellas, Thermi,
Greece.
The study aims at the development of a computational framework for assessing
mechanistically the risks imposed by major components of ETS, by assimilating
biomonitoring data, internal dose modeling and Biology Based Dose Response
(BBDR) modeling for three organic contaminants, namely 4-(N-nitrosomethylamino)-1-(3-pyridyl)-1-butanone, benzene and formaldehyde, related to lung cancer, leukemia and nasopharyngeal cancer respectively.
A nicotine-cotinine PBPK model was developed, allowing the use of biomarkers
such as urinary cotinine and nail nicotine for short and long term exposure assessment through reverse modeling. Reconstructed exposure scenarios are fed forward
to BBDR models coupling PBPK/D with mechanistic pathology models for each
carcinogenic contaminant. Genetic polymorphisms linking variation of human susceptibility to xenobiotics were explicitly accounted for. Extrapolation to the wider
population through hierarchical population modeling incorporated all variabilities
and uncertainties governing exposure and response to xenobiotics from ETS.
Individual risks estimated for lung cancer, leukemia and nasopharyngeal cancer
ranged within values of order 10-5, 10-7 and 10-9 respectively under the typical
urinary cotinine-driven exposure scenarios. Exposure duration had a non-linear effect on lung cancer, while the limited variability of formaldehyde exposure was
compensated by the strongly non-linear mechanism governing formaldehyde-DNA
adduct formation. Considering that benzene toxicity relies upon the presence of its
toxic metabolites, polymorphism variability among gene variants of CYP2E1 and
NQO1 was found to be determinant for overall risk assessment.
A multi-tiered approach is proposed here as a valid alternative to classic epidemiological approaches, since cancer risk is estimated using models with strong biological underpinning.
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ADVERSE EFFECTS OBSERVED IN EMBRYONIC
ZEBRAFISH DANIO RERIO FROM EXPOSURE TO
COMMERCIALLY AVAILABLE SUNSCREEN
FORMULATIONS.

G. R. Tuttle1 and S. L. Harper1, 2. 1Environmental and Molecular Toxicology,
Oregon State University, Corvallis, OR and 2School of Chemical, Biological and
Environmental Engineering, Oregon State University, Corvallis, OR.
Over the years there has been considerable debate and uncertainty over the safety of
some components used in many commercially available sunscreen formulations.
For such common and intimately used consumer products, there is an important
need to address safety concerns and potential risks associated with human exposure
to sunscreen ingredients. In this study we investigated if commercially available
sunscreen formulations interact with a sensitive in vivo system, the embryonic zebrafish Danio rerio. Test solutions were prepared fresh by diluting commercially
available sunscreen formulations in fish water and dilutions were prepared at exposure levels. Briefly, embryos were dechorionated at 6 hours post fertilization (hpf )
and exposed at 8hpf in 96-well microplates in 200μL test solution. Three experimental replicates were preformed for each treatment with 24 embryos per treatment. Several endpoints were evaluated at 24hpf and 120hpf. Exposure data for
one group of commercially available sunscreen formulations show that exposure to
concentrations ranging from 10 to 100 mg/L caused reproducible, concentrationdependent effects that include behavioral abnormalities and sub-lethal morbidity.
The most sensitive endpoints include, curved body axis malformations, pectoral fin
malformations, caudal fin malformations, and pericardial edema. Ongoing studies
aim to identify which components of the exposure solutions are responsible for eliciting the toxicity observed in the embryonic zebrafish. This will be accomplished
primarily using analytical techniques and principal component analyses.
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CRUDE OIL FROM VARIOUS SOURCES YIELDS
DIFFERENT ACUTE TOXICITY OUTCOMES IN RATS:
CORRELATION WITH 1H-NMR AND EPR SPECTRA.

S. A. Meyer1, S. Jaligama1 and K. A. El Sayed2. 1Toxicology, University of Louisiana
at Monroe, Monroe, LA and 2Basic Pharmaceutical Science, University of Louisiana
at Monroe, Monroe, LA.
Crude oil is a mixture of alkanes, simple and polycyclic aromatics, nitrogen, sulfur
and condensed PAH asphaltene with traces of porphyrin nickel and vanadium that
varies with source. We previously identified several adverse effects with acute, oral
exposure of rats to Louisiana sweet crude oil and here extend those observations to
Nigerian (Qua Iboe) sweet and Iraq high sulfur oils (ONTA, Inc., Toronto,
Canada). Chemical fingerprinting of the oils by 1H-NMR and EPR has been used
to correlate constituent contents with toxicological effects. Female Sprague-Dawley
rats were orally gavaged with 2 daily doses of 2.5 and 5 ml/kg of oil, 0.5 ml/kg benzene or vehicle (0.5% DMSO in corn oil). After 48 h, rats were euthanized, blood
was taken for hematology and clinical chemistry and femur bone marrow cells assayed for myeloid progenitor cells (CFU-GMs). All oils elevated serum alkaline
phosphatase (ALP) with LA oil being the least potent and effective. BUN was increased 40% by high dose of Iraqi oil. Granulocytes were increased 1.5-2-fold by
high dose of LA and Iraqi oil. Liver weights increased 25-75% with both doses of
all oils with LA oil being least effective. Spleen weights decreased 30% with high
doses of Iraqi and Nigerian oil. CFU-GMs were decreased only with high dose of
LA oil (40%). Benzene decreased spleen weight by 20%, but was without effect on
other endpoints. 1H-NMR spectra exhibited qualitatively similar alkane peaks for
all oils, but some differing aromatic peaks. Benzene peak (7.38 ppm) of Iraqi oil
was less intense than that of the other oils. EPR spectra of all oils exhibited the asphaltene free radical peak with intensity greatest for Iraqi oil. Vanadium porphyrin
was detected in Iraqi oil, but not the others. Summarizing, LA sweet crude oil was
uniquely myelosuppressive and with no or lesser effect on spleen and liver weights
and ALP. Elevated BUN was uniquely associated with Iraqi oil, the source richest in
asphaltene free radical and vanadium prophyrin and lowest in benzene. (LA Board
of Reagents)
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CYTOTOXICITY PROFILING: A NOVEL
METHODOLOGY FOR ENVIRONMENTAL
CONTAMINANT ASSESSMENT.

D. Y. Huang1, S. Gabos2, W. Zhang3 and D. W. Kinniburgh1. 1Alberta Centre for
Toxicology, Calgary, AB, Canada, 2Office of the Chief Medical Officer of Health,
Alberta Health and Wellness, Edmonton, AB, Canada and 3Alberta Health and
Wellness, Edmonton, AB, Canada. Sponsor: C. Jin.
The traditional method of assessing the toxicity of environmental contaminants is
to use animal studies to determine the toxicity, but concerns over the use of animals
has driven the search for alternative in vitro methods. We have developed an alternative system for measuring in vitro toxicity utilizing a real time impedance based
cytoxicity system. Using an array of cell lines derived from major organs, we are
able to produce a cytotoxicity profile, or toxicological fingerprint, for a number of
environmental samples. Unique profiles were derived for the chemicals that potentially can be used to identify the mechanism of action for the chemical in question
and estimate the toxicity.
In order to apply this technique to “real world” samples we conducted experiments
to determine any matrix effect of natural water. Using cell lines from different
organ origins (CNS, liver, lung, kidney), we tested water samples from ground
water (well) and surface water (lake) and compared these results to the chemical
testing.
The current work demonstrates 1) the feasibility of using the impedance based cytotoxicity assay to test environmental water samples without sample cleanup and
concentration, 2) the agreement between the impedance based cytotoxicity testing
and chemical results, and 3) the proof of concept for cytoxicity profiling using impedance based cytotoxicity testing.
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ARE IN VITRO EFFECTS OF METAL MIXTURES
PREDICTABLE FROM THE RESPONSES TO THE
SINGLE COMPONENTS?

F. Glahn1, Q. D. Nguyen2, J. Wiese1, J. G. Hengstler3, I. Grosse2 and H. W.
Foth1. 1Institute of Environmental Toxicology, Martin Luther University, Halle/Saale,
Saxony-Anhalt, Germany, 2Institute of Computer Science, Martin Luther University,
Halle/Saale, Saxony-Anhalt, Germany and 3IfADo, Leibniz Research Centre for
Working Environment and Human Factors, Technical University, Dortmund, North
Rhine-Westphalia, Germany.
At occupational settings people are often exposed to mixtures of metals, which increases complexity of toxicological risk assessment. For example in battery manufacturing or recycling of electronic devices workers can simultaneously be exposed

to Cd, Co and Pb. To gain more insight into the effects of Cd(II), Co(II) and Pb(II)
in single or combined application we conducted experiments with the human lung
tumor cell line H322 and primary cultures of normal human bronchial epithelial
cells (NHBEC). Incubation of H322 with Cd (2.5 μM) for 24h reduced viability
to 87%, as measured by MTT-assay. Whereas treatment of H322 with Co (≤ 20
μM) or Pb (≤ 30 μM) was not cytotoxic, simultaneous treatment with Cd, Co and
Pb was not more toxic than Cd alone. When induction of ROS was analysed by
DCF-assay, significant inductions where detected at following concentrations: Cd
(0.13 μM; 134%), Co (0.5 μM; 129%), Pb (2.65 μM; 155%). If metals where applied in these concentrations simultaneously, ROS-induction was 150%. To understand cellular responses to low doses of Cd (0.13 μM), Co (0.42 μM) and Pb (2.65
μM), a gene array study was conducted with NHBEC. Different algorithms for the
analysis of the raw data were compared in order to find the procedure most suitable
to detect differentially expressed genes. Moreover applying a newly developed processing setup with pre-processing by GCRMA and data analysis by shrinkage generalized interaction t-test, it was possible to detect genes reacting in a cooperative
manner to combined metal exposure. The top five of these genes are: GOS1,
TOR1AIP1, ARL1, SDF2L1 and DHCR7. These experiments demonstrate that a
thorough analysis of the mechanism of action - beyond tests on cytotoxicity or induction of ROS - could be useful for predicting the effects of metals on human lung
cells.
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HIGHLY SENSITIVE AND RESPONSIVE SPECIESSPECIFIC AH RECEPTOR-BASED CALUX CELL LINES
FOR HIGH-THROUGHPUT CHEMICAL SCREENING
AND SPECIES COMPARISONS.

J. Brennan1, G. He1, T. Tsutsumi2, P. Magiatis3 and M. Denison1.
1Environmental Toxicology, University of California Davis, Davis, CA, 2Division of
Foods, National Institute of Health Sciences, Tokyo, Japan and 3Pharmacy, University
of Athens, Athens, Greece.
The CALUX (chemically-activated luciferase expression) cell bioassay is the most
widely used Ah receptor (AhR)-based technique for screening of environmental, biological and food samples for the presence of 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) and related chemicals. Recently, the AhR-CALUX bioassay has been used
for high-throughput screening of chemical libraries in order to identify AhR agonists/antagonists for use in therapeutic applications. We previously developed several CALUX cell lines for large-scale high-throughput screening applications, but
these cell lines are not sensitive or responsive enough for such purposes.
Accordingly, stable transfection of mouse, rat, human and guinea pig cell lines with
a luciferase reporter plasmid in which the number of AhR-responsive DNA binding
sites has been increased to 20, produced a series of species-specific recombinant cell
lines with significantly improved sensitivity (minimum detection limits for TCDD
in these cells range from 10 fM to 30 pM TCDD) and dramatically increased induction of luciferase activity. The significantly enhanced induction response in the
cells has allowed the bioassay to be utilized in a 1500-well microplate format for
high-throughput screening of chemical libraries for AhR agonists. Comparison of a
series of natural products and extracts in these cell lines has revealed dramatic
species specific differences in AhR response, with indirubin being selectively more
potent in human cells than that of other species and extracts of Polygonum seeds
activating the AhR in rat, guinea pig and human cells, but antagonizing that in
mouse cells. These more sensitive and responsive cell lines not only improve use of
the CALUX bioassay for large scale screening purposes, but provides novel systems
to study species differences in AhR response. (ES004699, ES007685,ES012498)
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STABLE REPORTER CELL LINES FOR THE
IDENTIFICATION AND CHARACTERIZATION OF
SUBTYPE-SELECTIVE ESTROGENIC LIGAND.

E. K. Shanle and W. Xu. Oncology, Molecular and Environmental Toxicology,
University of Wisconsin-Madison, Madison, WI.
Estrogen signaling is mediated by two estrogen receptors (ERs), ERα and ERβ,
which have unique roles in the regulation of breast cancer cell proliferation. ERα
mediates proliferation in response to estrogen and ERβ inhibits proliferation in
breast cancer cells, suggesting ERβ selective ligands may be beneficial for promoting the anti-proliferative action of ERβ. Identification and characterization of subtype selective ligands can be achieved using transcriptional assays, but cell lines in
which ERα or ERβ are independently expressed are required. Of the available reporter cell lines, none have been generated in breast cancer cells. Here we describe
the generation of two isogenic breast cancer cell lines, Hs578T-ERαLuc and
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Hs578T-ERβLuc, with stable integration of an estrogen responsive luciferase reporter gene and characterize the subtype selectivity of two natural phytoestrogens,
cosmosiin and liquiritigenin. Hs578T-ERαLuc and Hs578T-ERβLuc cell lines are
highly sensitive to estrogenic chemicals and ER subtype selective ligands, providing
a tool to characterize the transcriptional potencies and subtype selectivity of estrogenic ligands in the context of breast cancer cells. In addition to measuring reporter
activity, ERβ target gene expression and growth inhibitory effects of ERβ selective
ligands were determined as biological endpoints. These cell lines are valuable tools
for characterizing estrogenic ligands, and the data support the anti-proliferative role
for ERβ in breast cancer.
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RECEPTOR AND LIGAND-DEPENDENT FUNCTIONS
OF PPARβ/δ AND PPARγ ON CELL PROLIFERATION IN
THE A431 HUMAN CARCINOMA CELL LINE.

M. G. Borland1, 2, C. Lee2, P. S. Albrecht2, B. Zhu2, T. S. Lahoti2, F. J.
Gonzalez3 and J. M. Peters2. 1Chemistry and Biochemistry, Bloomsburg University of
Pennsylvania, Bloomsburg, PA, 2Veterinary and Biomedical Science, Penn State
University, University Park, PA and 3Laboratory of Metabolism, NCI, Bethesda, MD.
Of the three peroxisome proliferator-activated receptor (PPAR) isoforms (PPARα,
PPARβ/δ, and PPARγ), PPARβ/δ and PPARγ are known to modulate proliferation
in skin tumorigenesis models. To examine the functional role of PPARβ/δ and
PPARγ in skin cells with greater detail, the Migr1 retroviral system was used to generate stable expression of each receptor in the A431 human carcinoma cell line. As
compared to controls, the expression of a known PPAR target gene was greatly enhanced in response to PPARβ/δ or PPARγ ligands in A431 cells over-expressing
these receptors. Over-expression of either PPARβ/δ or PPARγ did not alter A431
cell growth under normal cell culture conditions. Administration of PPARγ ligands
in A431 cells over-expressing PPARγ reduced cell growth; however, similar alterations in cell growth were not observed with ligand activation of PPARβ/δ. In contrast, anchorage-independent cell growth was not influenced by either over-expression or ligand activation of PPARβ/δ or PPARγ. Over-expression of PPARβ/δ
modestly inhibited clonogenicity, but ligand activation of PPARβ/δ markedly inhibited clonogenicity as compared to controls. Over-expression of PPARγ did not
influence clonogenicity, but ligand activation of PPARγ in A431 cells over-expressing PPARγ resulted in reduced clonogenicity. Over-expression of PPARβ/δ or
PPARγ markedly reduced tumor volume in ectopic xenografts, but PPAR ligands
had no further influence on tumor volume. Collectively, these studies demonstrate
that stable over-expression of PPARβ/δ or PPARγ in A431 cells increased the efficacy of ligand activation and reduced A431 cell growth. Importantly, over-expression of receptor did not modulate normal cell growth, but increased PPAR expression or ligand activation had major impacts on clonogenicity and/or tumor volume.
This model will be a valuable tool to dissect the functions of PPARβ/δ and PPARγ
in human skin tumorigenesis.

4 AM calcium imaging and radioimmunoassays to measure CGRP release from
neurons. As MCS has emerged as a global public health concern, understanding the
mechanism of MCS is a very important and relevant question with regard to public
health and workplace safety. The objective of these studies is to describe the impact
of low levels of environmental irritants on TRPA1 expression and function.
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L. M. MacPherson, L. Tamblyn, P. McPherson and J. Matthews. Pharmacology
and Toxicology, University of Toronto, Toronto, ON, Canada.
The aryl hydrocarbon receptor (AHR) is a ligand-activated transcription factor that
mediates the toxic effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). AHR
regulates the expression of hundreds of genes including TCDD-inducible
poly(ADP-ribose) polymerase (TiPARP, PARP7). TiPARP is a member of the
PARP superfamily, which is an enzyme family that mediates poly(ADPribosyl)ation of protein targets. Poly(ADP-ribosyl)ation is post-translational modification associated with a number of biological functions including DNA repair,
transcription, and apoptosis. TiPARP contains a C-terminal PARP catalytic domain, a conserved WWE (tryptophan-tryptophan-glutamate) domain and a zincfinger domain. However, the biological role of TiPARP and whether TiPARP modulates AHR action is unknown. The aim of the present study was to investigate
modulation of TCDD-induced AHR activity by TiPARP. We investigated the effects of loss and overexpression of TiPARP on TCDD-induced cytochrome P450
1A1 (CYP1A1) and CYP1B1 gene expression in T47D human breast carcinoma
and HuH7 hepatoma cell lines. RNAi-mediated knockdown of TiPARP significantly increased TCDD-induced CYP1A1 and CYP1B1 expression. TiPARP
knockdown also reduced TCDD-induced AHR protein degradation following 24 h
treatment. TiPARP overexpression decreased TCDD-induced CYP1A1- and
CYP1B1-regulated reporter activity in a dose-dependent manner. Interaction studies demonstrated that overexpressed GFP-tagged TiPARP co-localized and co-immunoprecipitated with AHR. TiPARP truncations and point mutants revealed
TCDD-induced inhibition required the zinc-finger and catalytic function.
Catalytic assays demonstrated TiPARP possesses mono-ADP-ribosyltransferase
(mART) activity rather than poly(ADP-ribosyl)ation activity. Auto-mART activity
required both the catalytic domain and central portion (residues 275-328).
Collectively, these results demonstrate TiPARP as a mART and a negative regulator
of AHR signalling.
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FUNCTION AND EXPRESSION OF TRPA1 IN
RESPONSE TO ENVIRONMENTAL IRRITANT
EXPOSURE IN VITRO.

J. J. Pellman1, 2, P. E. Kunkler3, 2, J. H. Hurley3, 2 and G. S. Oxford2, 1.
1Pharmacology and Toxicology, Indiana University School of Medicine, Indianapolis,
IN, 2Stark Neuroscience Research Institute, Indiana University School of Medicine,
Indianapolis, IN and 3Biochemistry, Indiana University School of Medicine,
Indianapolis, IN.
Headaches are the most common symptom reported after exposure to both indoor
and outdoor air pollution. Many of these headaches are attributed to Multiple
Chemical Sensitivity (MCS), an acquired chronic disorder estimated to affect 15%
of the US population. The induction of MCS is often due to low level exposure to
air pollution and industrial chemicals such as acrolein. Acrolein and other environmental irritants have been shown to activate transient receptor potential A1
(TRPA1) channels in trigeminal neurons. Trigeminal neurons are the sensory neurons of the head and are activated in migraine headaches. TRPA1 channels are excitatory calcium permeable ion channels expressed in a subset of sensory neurons.
Activated TRPA1 channels have been shown to cause release of neuropeptides such
as calcitonin gene-related peptide (CGRP). We have shown that 30μM acrolein application results in a 6-fold increase over baseline of CGRP release in trigeminal
neurons in vitro. CGRP release is associated with pain, inflammation, and
headache. Our work uses primary cultures of trigeminal neurons as well as transfected cell lines incubated with low levels (1-10μM) of environmental irritants for
multiple days in vitro to simulate chronic exposure. We examine changes in expression using quantitative PCR. Function of TRPA1 channels is examined using Fluo-
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2, 3, 7, 8-TETRACHLORODIBENZO-P-DIOXININDUCIBLE POLY(ADP-RIBOSE) POLYMERASE IS A
NEGATIVE REGULATOR OF DIOXIN-INDUCED ARYL
HYDROCARBON RECEPTOR TRANSACTIVATION AND
A MONO-ADP-RIBOSYLTRANSFERASE.

ACTIVATION OF THE AH RECEPTOR SIGNALING
PATHWAY BY SHEAR STRESS: GENERATION OF
ENDOGENOUS LIGANDS AND/OR EXPERIMENTAL
ARTIFACT?

M. S. Denison1, A. Gojova3, J. E. Bohonowych1, J. Morgan3, G. He1, A.
Baraket3 and B. Zhao2. 1Department of Environmental Toxicology, University of
California Davis, Davis, CA, 2Research Center for Eco-Environmental Sciences,
Chinese Academy of Sciences, Beijing, China and 3Department of Mechanical and
Aerospace Engineering, University of California Davis, Davis, CA.
The Ah receptor (AhR) is a ligand-dependent transcription factor that can be activated by structurally diverse synthetic and natural chemicals. Endogenous activators of the AhR have been proposed, but few have been identified that are active at
physiological concentrations. The role of AhR in cardiovascular and vascular development and disease and AhR activation in endothelial and hematopoetic cells suggests the existence of endogenous AhR activators. Incubation of endothelial cells or
cell lines in fluid-flow, arterial sheer-stress conditions activates the AhR-dependent
gene expression, suggesting that vascular shear-stress produces an AhR agonist(s).
While production of this AhR activator was serum-dependent and suggested to be
a shear-stress modified low density lipoprotein, the actual source of the shear-stress
dependent AhR ligand is unclear. Using a closed-loop laminar flow shear-stress system we demonstrated a rapid and flow-dependent transient activation of AhR-dependent gene expression in stably transfected mouse hepatoma cells; there was no
induction in the absence of serum. This suggests that shear stress generates AhR agonist from serum, but subjecting serum to comparable shearing forces by other
methods did not generate AhR agonists. Since AhR agonists are present in rubber
and plastic products (components of the flow chambers and tubing), we examined
whether these might be a source of AhR agonists. Serum, but not media, could

readily extract AhR agonist activity from rubber tubing and gaskets used in the flow
cell system. Our studies demonstrate that shear-stress activation of the AhR in flow
cell systems is predominantly an artifact derived from the experimental system
rather than shear stress generation of endogenous AhR agonists from serum.
(ES004699;ES007685)

vates hCAR in an isoform-selective manner, and hCAR-SV23, hCAR-SV24, and
hCAR-WT have overlapping but distinct sets of ligands. [Supported by Canadian
Institutes of Health Research]
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CAN THE BINDING BY STRUCTURALLY DIVERSE
AGONISTS ALTER THE NUCLEOTIDE SPECIFICITY OF
Ah RECEPTOR DNA BINDING?

D. E. DeGroot and M. S. Denison. Environmental Toxicology, University of
California Davis, Davis, CA.
The aryl hydrocarbon receptor (AhR) is a ligand-activated transcription factor belonging to the basic-helix-loop-helix-PAS family of regulatory proteins. It is best
characterized for its role in mediating the toxic and biological responses resulting
from exposures to halogenated aromatic hydrocarbons, such as 2,3,7,8-tetrachlordibenzo-p-dioxin (TCDD) and related compounds. The AhR resides in the
cytosol until ligand binding promotes nuclear translocation and heterodimerization
with the aryl hydrocarbon receptor nuclear translocator protein (ARNT) after
which binding of the ligand:AhR:ARNT complex to its specific DNA binding site
(the dioxin responsive element (DRE)) stimulates transcription of downstream
genes. While the sequence of the DRE is well defined, several reports have suggested that the nucleotide specificity of AhR DNA binding may be ligand-dependent. To examine whether ligand-dependent nucleotide specificity of AhR DNA
binding can occur we have used PCR-assisted binding site selection analysis to examine DNA binding of the guinea pig hepatic AhR complex activated by structurally diverse agonists. Ligand activated AhR complexes were incubated with
oligonucleotides containing a 15-base variable region (all nucleotides represented at
each position), ligand:AhR:ARNT:oligonucleotide complexes were isolated by immunoprecipitation, and the DNA was PCR amplified and used in the next round
of selection. Following four rounds of selection, sequence analysis of the isolated
oligonucleotides did not reveal any major differences in the nucleotide specificity of
the DRE for the compounds tested. While some minor single base variations were
observed in the established DRE consensus sequence, these sequence variations did
not alter the DNA binding of AhR complexes activated by any tested agonist. Our
results are consistent with the established role of the canonical DRE sequence as the
only AhR DNA binding site and that the binding of structurally diverse agonists to
the AhR does not alter its nucleotide specificity of DNA binding. (R01ES012498)

A. Soshilov and M. S. Denison. Environmental Toxicology, University of California
Davis, Davis, CA.
The aryl hydrocarbon receptor (AhR) is a ligand-dependent transcription factor
that mediates toxic and biological effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) and related compounds. AhR-mediated biological responses demonstrate
dramatic interspecies differences which may occur in part during ligand-dependent
conversion of the AhR into its high affinity DNA binding form. This process is
termed AhR transformation and its mechanism is not fully understood. Instances
of decreased transformation efficiency (measured as the ratio of total AhR (determined by ligand binding) to the amount that binds to DNA in a ligand-dependent
manner) were analyzed and the underlying mechanisms determined. Unlike guinea
pig, rat or C3H mouse hepatic cytosolic AhR, mouse C57BL cytosolic AhR
demonstrated decreased transformation efficiency and this appeared to result from
insufficient levels of ARNT in the cytosolic extract. Similarly, while TCDD binding to the C57BL mouse AhR was reversible (i.e., TCDD could dissociate from the
AhR), TCDD binding to other cytosolic AhRs was irreversible. Further analysis of
in vitro synthesized C57BL mouse AhR revealed that a decrease in transformation
efficiency occurred in the presence of sodium molybdate (an agent that stabilizes
the association of the AhR with Hsp90) as well as with insertion of selected point
mutations within the AhR. Of these mutations, D371A was found to negatively affect the initiation of AhR dimerization with ARNT, while that of R217A affected
the ligand-dependent conformational change of the AhR. Additionally, evidence to
support the hypothesis that the binding of ARNT results in a progressive displacement of Hsp90 from the AhR was obtained from the detection of a transient
molybdate-stabilized hsp90:AhR:ARNT complex. Together, these findings provide
further insights in the mechanisms of ligand-dependent transformation of the AhR
into its DNA binding form and demonstrate that AhR transformation is a multistep progressive process with several defined intermediate steps. (ES007685,
ES012498)
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FUNCTIONAL ANALYSIS OF THE SV23, SV24, AND
SV25 SPLICE VARIANTS OF HUMAN CONSTITUTIVE
ANDROSTANE RECEPTOR (CAR): COMPARISON OF
GINKGO BILOBA EXTRACT WITH OTHER KNOWN
ACTIVATORS OF CAR.

A. Lau, G. Yang and T. K. Chang. Faculty of Pharmaceutical Sciences, University of
British Columbia, Vancouver, BC, Canada.
Ginkgo biloba extract has several biological activities, including protection against
neurotoxicity and oxidative stress. Constitutive androstane receptor (CAR) controls
the transcription of genes involved in a broad array of biological functions, including bioactivation and detoxification of toxicants. Naturally-occurring splice variants of human CAR (hCAR) exist, including hCAR-SV23 (insertion of amino
acids SPTV), hCAR-SV24 (APYLT), and hCAR-SV25 (SPTV and APYLT). G.
biloba extract was reported to activate hCAR-SV24 and the wild-type (hCARWT). However, it is not known whether it selectively affects hCAR splice variants
and how it activates hCAR isoforms. We evaluated the impact of G. biloba extract
on the functionality of hCAR-SV23, hCAR-SV24, hCAR-SV25, and hCAR-WT,
and compared it to that of phenobarbital, di-(2-ethylhexyl)phthalate (DEHP), 6(4-chlorophenyl)imidazo[2,1-b][1,3]thiazole-5-carbaldehyde O-(3,4-dichlorobenzyl)oxime (CITCO), and 1,4-bis-[2-(3,5-dichloropyridyloxy)]benzene
(TCPOBOP) in cell-based reporter gene assays. Among the hCAR splice variants
investigated, only hCAR-SV23 was activated by G. biloba extract, and this required
co-transfection of a retinoid X receptor-α (RXRα) expression plasmid. The extract
activated hCAR-SV23 to a lesser extent than hCAR-WT. CITCO activated hCARSV23, hCAR-SV24, and hCAR-WT, whereas phenobarbital activated hCAR-WT,
and DEHP activated hCAR-SV23, hCAR-SV24, and hCAR-WT. TCPOBOP did
not affect the activity of any of the isoforms. G. biloba extract and phenobarbital
did not bind or recruit coactivators to the ligand-binding domains of hCAR-WT
and hCAR-SV23, whereas positive results were obtained with the controls (CITCO
for hCAR-WT and DEHP for hCAR-SV23). In conclusion, G. biloba extract acti-

ANALYSIS OF THE MECHANISMS OF LIGANDDEPENDENT TRANSFORMATION OF THE AH
RECEPTOR INTO ITS DNA BINDING FORM.

TRICLOCARBAN MEDIATES INDUCTION OF
XENOBIOTIC METABOLISM THROUGH ACTIVATION
OF NUCLEAR RECEPTORS CAR AND ER-ALPHA.

M. Yueh1, T. Li3, R. M. Evans3, B. Hammock4 and R. H. Tukey1, 2.
1Pharmacology, University of California San Diego, La Jolla, CA, 2Chemistry &
Biochemistry, University of California San Diego, La Jolla, CA, 3Salk Institute for
Biological Studies, La Jolla, CA and 4Entomology, University of California Davis,
Davis, CA.
Triclocarban (3,4,4’-trichlorocarbanilide, TCC) is used as a broad-based antimicrobial agent that is commonly added to personal hygiene products. Because of its extensive use in the health care industry and resistance to degradation in sewage treatment processes, TCC has become a significant waste product that is found in
numerous environmental compartments. While TCC has been linked to a range of
negative health and environmental issues, few studies have been conducted to examine the impact of exposure to TCC and the underlying mechanisms linked to
the negative responses. In this study, experiments were initiated to investigate the
role of TCC exposure towards activation of xenobiotic metabolism through regulation by the nuclear xenobiotic receptors (XRs). TCC treatment to humanized
UGT1 (hUGT1) mice resulted in the induction of the liver UGT1A genes.
Through the use of reverse genetics, this induction was shown to be dependent
upon the constitutive androstane receptor (CAR) since no induction occurred in
hUGT1/Car-/- mice. Induction of the UGT1A genes by TCC also corresponded
with induction of Cyp2b10, another CAR target gene. TCC was demonstrated to
be a phenobarbital-like activator of CAR in receptor-based assays. While it has been
suggested that TCC be classified as an endocrine disruptor, we also demonstrated
that it activates the estrogen receptor-alpha (ERα) leading to induction of Cyp1b1
in female ovaries. Activation of ERα by TCC in receptor-based assays also promotes induction of the human CYP2B6 gene. These observations demonstrate that
TCC activates XRs CAR and ERα both in vivo and in vitro. Activation of these
xenobiotic-sensing receptors amplifies gene expression profiles that might represent
a mechanistic base for potential human health effects from exposure to TCC.
(Supported by USPHS Grants ES010337 and ES004699).
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FICZ IS AN ENDOGENOUS AHR ACTIVATOR WITH
HORMONE/VITAMIN-LIKE PROPERTIES.

A. Rannug1 and U. Rannug2. 1Institute of Environmental Medicine, Karolinska
Institutet, Stockholm, Sweden and 2GMT, Stockholm University, Stockholm, Sweden.
Remarkably little is known about how TCDD causes toxicity. AHR cross-talks with
multiple signaling pathways and hundreds of genes have been found to be activated
by TCDD in an AHR-dependent manner. Still, a unifying mechanism of dioxin
toxicity is lacking that can explain the multitude of developmental consequences
from exposure during early life, tumor promotion and modulation of immune cell
development. Over a long period it has been claimed that structurally diverse compounds can act as AHR agonists although they show low binding affinity. This has
led to the prevailing view of a promiscuous ligand-binding specificity of the AHR
and lowered the interest in finding an endogenous high affinity ligand. We claim
that the physiological functions of the AHR are activated by an endogenous ligand
with hormone/vitamin like properties. Our ongoing chemical and biological characterization of 6-formylindolo[3,2-b]carbazole (FICZ), which we have suggested to
be the enigmatic endogenous AHR ligand, shows that this signal substance has very
interesting biological properties. It has the highest affinity for binding to the AHR
of all compounds tested so far and it is also an ideal substrate for the CYP1 enzymes. We have documented effects of FICZ, on cell cycle regulation at femtomolar concentrations. Also, new studies by others e.g. those reporting effects of FICZ
at low concentrations on the function of various cells of the immune system support its physiological importance. FICZ seems to be ubiquitously present in biologic materials that contain the amino acid tryptophan, such as cell culture media.
Thus, the presence of FICZ may have erroneously influenced the interpretation of
earlier studies like those that describe ligand-independent activation of the AHR.
We propose that the endogenous ligand for the AHR is considerably more important than previously thought. We also propose that deficiency as well as excess of
FICZ may explain toxicity by TCDD and other agents that induce or inhibit its
metabolic clearance and thereby disrupt FICZ-dependent homeostatic processes.
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P. T. Dau1, H. Ishibashi1, E. Kim2 and H. Iwata1. 1Center for Marine
Environmental Studies (CMES), Ehime University, Matsuyama, Ehime, Japan and
2Department of Life and Nanopharmaceutical Science and Department of Biology,
Kyung Hee University, Seoul, Republic of Korea.
Constitutive androstane receptor (CAR, NR1I3), a member of the nuclear receptor
superfamily, plays an important role in the transcriptional activation of multiple
metabolizing enzymes such as cytochrome P450 (CYP) 2B, 2C and 3A in response
to phenobarbital (PB) type chemicals. Identifying PB-type environmental contaminants that can control CAR-mediated signaling pathways may provide insight into
the effects and risk of pollutants on animals. To investigate the interaction of environmental pollutants with CAR, we constructed a surface plasmon resonance
(SPR) array-based biosensor system with the histidine-tagged ligand-binding domain of Baikal seal (Pusa sibirica) CAR (bsCAR) and mouse CAR (mCAR) proteins that were expressed using an in vitro wheat germ cell-free system. The synthesized CAR proteins were immobilized on SPR sensor chips and the interaction with
p,p’-DDT, p,p’-DDE, trans-nonachlor, polychlorinated biphenyls (PCBs), hexabromo-cyclododecans (HBCDs) and polybromominated diphenyl ethers (PBDEs)
were measured. The results revealed that the binding affinities of CAR of both
species with PBDEs were higher than with other compounds. Non-dioxin-like
PCBs bound stronger to CARs than dioxin-like PCBs. This study demonstrated
that the binding affinities to these tested compounds were similar between bsCAR
and mCAR, but were compound-specific. Hepatic concentrations of p,p’-DDE and
PCBs in wild Baikal seals were close to the corresponding KD (equilibrium dissociation constant), suggesting that CAR-mediated responses might be triggered by the
accumulation of these compounds in the Baikal seal population.
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POLYPHENOLS DISTURB ARYL HYDROCARBON
RECEPTOR (AHR) SIGNALING BY OBSTRUCTING THE
TIGHTLY REGULATED TURNOVER OF 6FORMYLINDOLO[3, 2-B]CARBAZOLE (FICZ).

A. Mohammadi Bardbori1, J. Bengtsson2, E. Wincent1, 2, U. Rannug2 and A.
Rannug1. 1Institute of Environmental Medicine, Karolinska Institutet, Stockholm,
Sweden and 2Department of Genetics, Microbiology and Toxicology, Stockholm
University, Stockholm, Sweden.
Several polyphenols have been shown to activate the aryl hydrocarbon receptor
(AHR) in spite of the fact that they bind to the receptor with low affinity. The aim
of this study was to investigate if quercetin, curcumin and resveratrol activate the
AHR indirectly by interfering with the metabolic degradation of a high affinity
AHR ligand FICZ. Especially, we wanted to test the ability of some polyphenols to
activate AHR in a medium without background level of FICZ. Human hepatoma
HepG2-derived HepG2-XRE-Luc cells and immortalized human keratinocytes
(HaCaT cells) were used to quantify AHR activation. Transcriptional activation of
cytochrome P4501A1 (CYP1A1) was estimated with a luciferase reporter assay and
enzyme activity was analyzed with EROD assay. To test the ability of polyphenols
to activate the AHR in the absence of the natural ligand FICZ, DMEM medium
was prepared with recrystallized tryptophan to give a medium that lacked background trace levels of FICZ. CYP1A1 transcription and enzyme activity were upregulated by all three compounds and the effects were only observed in the commercial DMEM medium. Quercetin, curcumin and resveratrol prolonged CYP1A1
induction in a time and dose dependent manner when added together with FICZ.
To investigate the inhibitory effects of polyphenols on CYP1A1 enzyme activity
and metabolic clearance of FICZ, recombinant human CYP1A1 enzyme and
HaCaT cells were used. The intracellular levels of FICZ in cells co-treated with
FICZ and polyphenols were quantified by HPLC. The CYP1A1 enzyme and clearance of FICZ were inhibited in a dose-dependent manner by polyphenols. Our
finding demonstrate the following: i) quercetin, curcumin and resveratrol do not
activate the AHR without trace levels of FICZ being present in the culture
medium, and ii) polyphenols seem to induce CYP1A1 through inhibition of metabolic degradation of FICZ.

SCREENING OF ENVIRONMENTAL POLLUTANTS AS
LIGANDS OF CONSTITUTIVE ANDROSTANE
RECEPTOR USING SURFACE PLASMON RESONANCE
ARRAY SYSTEM.

ORGANOTIN-INDUCED OSTEOPOROSIS: UNIQUE
GENE EXPRESSION PATTERNS INVOLVING MULTIPLE
NUCLEAR RECEPTOR PATHWAYS IN VITRO AND IN
VIVO.

J. Schlezinger1, A. Baker2, J. Watt1, B. Meeks3, D. Salazar3 and L. Gerstenfeld3.
1Environmental Health, Boston University School of Public Health, Boston, MA,
2Medicine, Boston University School of Medicine, Boston, MA and 3Orthopedic
Surgery, Boston University School of Medicine, Boston, MA.
The balance of differentiation of multipotent mesenchymal stromal cells (MSC)
between osteogenesis and adipogenesis is a central element of bone homeostasis.
Peroxisome proliferator activated receptor γ (PPARγ) sits at the crossroad, promoting adipogenesis and suppressing osteogenesis. Adipocyte differentiation in bone
marrow is potentially deleterious to both bone integrity and lymphopoiesis.
Because organotins are dual ligands for PPARγ and its heterodimerization partner,
the retinoid X receptors (RXR), we hypothesized that tributyltin (TBT) and triphenyltin (TPhT) would have similar yet distinct effects on MSC differentiation from
either a PPARγ (rosiglitazone; Rosi) or RXR (bexarotene; Bex) agonist. While TBT,
TPhT, Rosi, and Bex all shared the ability to suppress osteogenesis (alkaline phosphatase activity, nodule number, mineralization) in primary bone marrow cultures,
only TBT, TPhT and Rosi induced adipogenesis. Gene expression studies support
our hypothesis that the organotin-induced transcriptional program is distinct. TBT
and Rosi strongly induced the expression of PPARγ, its gene target FABP4 and a
terminal adipocyte marker adipsin and suppressed expression of Runx2, its gene target osterix and an osteoblast marker alkaline phosphatase. Intriguingly, only TBT
and Bex upregulated the expression of the liver X receptor gene target ABCA1. In
vivo exposure to TBT and Rosi altered a serum marker of bone turnover (PINP),
decreased cortical thickness (μCT) and increased marrow adiposity (histology).
Surprisingly, TBT increased the expression of markers of both adipogenesis
(FABP4; adipsin) and osteogenesis (osterix) in bone. TBT alone upregulated
ABCA1 expression in bone. These data suggest that RXR and PPARγ may contribute independently to TBT-induced adipogenesis and reduction in osteogenesis
and that TBT alters bone homeostasis leading to bone loss in vivo.
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IMPORTANCE OF TRANSACTIVATION IN THE
LIGAND-DEPENDENT AND INDEPENDENT
DEGRADATION OF THE AH RECEPTOR (AHR).

C. E. Sarah and R. S. Pollenz. Cell Biology, Microbiology and Molecular Biology,
University of South Florida, Tampa, FL.
The Ah receptor (AHR) is rapidly degraded both in vivo and in vitro following
binding to ligands typified by 2,3,7,8-tetrachlorodibenzo[p]dioxin (TCDD). The
AHR is also degraded after cells are exposed to compounds such a geldanamycin
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(GA) that disrupt or modify the association of the hsp90 chaperone proteins with
the AHR. Previous studies show that the ligand-induced degradation mechanism
requires the AHR to associate with ARNT and bind to DNA. Additionally, truncation of the AHR C-terminal transactivation domain (TAD) results in the loss of
both transactivation and ligand-mediated degradation but does not impact GA mediated degradation. To further investigate the role of the AHR TAD domain in ligand-dependent and independent degradation, the AHR was truncated at amino
acid 506 to remove the endogenous TAD function. TAD domains from other wellcharacterized proteins were then ligated to the AHR to create a series of AHR-TAD
chimeric proteins. The TAD domains utilized in these studies included: amino
acids 531-584 and 773-836 from the mouse HIF-1 protein (N and C TAD domains); amino acids 554-776 (exons 17-21), 588-776 (exons 18-21) and 638-776
(exons 19-21) from mouse ARNT; amino acids 504-712 (exons 15-19), 539-712
(exons 16-19) and 685-712 (exons 17-19) from mouse ARNT2; and amino acids
406-491 from the herpes simplex virus protein VP16. The chimeric AHR proteins
were expressed in Hepa-1 cells to assess CYP1A1 expression and AHR degradation.
The various AHR-TAD chimeras induced endogenous CYP1A1 protein at different levels. The results show that magnitude of ligand-mediated degradation of the
AHR was correlated to the strength of the exogenous TAD in inducing CYP1A1. In
contrast all AHR chimeras were degraded after exposure to GA. Collectively the results support a hypothesis that ARNT dimerization, DNA binding and a functional AHR TAD domain are required for the ligand-dependent degradation of the
AHR.
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THE IMPACT OF AH RECEPTOR PROTEIN
CONCENTRATION IN NOVEL CELL CULTURE LINES
ON LIGAND-MEDIATED GENE REGULATION.

R. S. Pollenz. Cell Biology, Microbiology and Molecular Biology, University of South
Florida, Tampa, FL.
Several studies have demonstrated that the overall level of AHR protein expression
and AHR-mediated gene regulation varies across different cell types in vivo and in
vitro. Therefore studies were initiated to evaluate the impact of modulating the
level of endogenous AHR protein on the magnitude of AHR-mediated CYP1A1
expression in various cell culture lines exposed to TCDD. The first experimental
approach utilized graded siRNA transfections to quantitatively reduce the level of
AHR protein in mouse Hepa-1 and human retinal epithelial cells (hRPE). The results show that reduction in the level of AHR has a profound impact on the TCDD
does-response curve for the induction of endogenous CYP1A1. In Hepa-1 cells, a
reduction of as little as 30% of the AHR level shifted the dose-response curve for
TCDD induction of CYP1A1 to the right. At 70% AHR reduction, the EC50 for
TCDD was increased by an order of magnitude and the maximal level of CYP1A1
induction was reduced by >80%. The changes in dose-response were even more
profound when less potent AHR ligands were used, and modest reductions in the
level of AHR resulted in complete loss of CYP1A1 induction in some cases. The
second set of studies utilized novel clonal populations of Hepa-1 cells that expressed
elevated or reduced levels of AHR protein compared to the parental Hepa-1 line.
Clonal lines with reduced AHR protein exhibited reduced levels of TCDD-induced
CYP1A1 expression, while cells expressing higher levels of AHR protein expressed
increased CYP1A1. Importantly, clonal lines with reduced levels of AHR protein
did not exhibit detectable levels of TCDD-inducible CYP1A1 protein at low levels
of TCDD exposure (5-10pM) that induced CYP1A1 in the parental Hepa-1 cells.
Collectively, these studies suggest that modulation of the level of AHR protein has
a dramatic impact on the magnitude of AHR-mediated gene regulation and suggest
that the concept of “spare receptors” may not hold for the AHR signaling pathway.Supported by ES10991.
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PROTEASOMAL INTERACTION REGULATES THE
ACTIVITY OF THE HUMAN CONSTITUTIVE
ANDROSTANE RECEPTOR.

T. Chen, E. M. Laurenzana, D. M. Coslo, F. Chen and C. J. Omiecinski. Center
for Molecular Toxicology and Carcinogenesis, the Pennsylvania State University,
University Park, PA.
The human constitutive androstane receptor (hCAR; NR1I3) is an important
xenobiotic sensor that regulates xenobiotic metabolism and clearance, energy
homeostasis, cell proliferation and tumor promotion. Unlike other nuclear receptors, hCAR is maintained in the cytoplasm but held quiescent through a tethering
mechanism, anchored within a cytosolic protein complex that includes heat shock
protein (HSP90). Release and subsequent nuclear translocation of hCAR is triggered through either direct ligand binding, such as CITCO, or indirect acting activators, such as phenobarbital (PB). The molecular mechanisms of hCAR indirect
activation remain elusive. In this study we demonstrate that the classic proteasome
inhibitor, MG132, functioned to repress both PB and CITCO-mediated CYP in-

duction in human primary hepatocytes. Additionally, the high level of constitutive
basal activity of hCAR in cell-based reporter assays was robustly down-regulated by
MG132 in a dose-dependent manner. Interestingly, MG132 also inhibited liganddependent activation of hCAR3 and hCAR2, two naturally occurring hCAR splice
variants. Moreover, mechanistic studies revealed that PB-induced hCAR nuclear
trafficking in human primary hepatocytes was repressed by MG132.
Immunoprecipitation assays also indicated that the suppression of hCAR by
MG132 results in an enhanced interaction between hCAR and HSP90.
Mammalian two-hybrid studies further demonstrated that the constitutive binding
of hCAR with the nuclear co-activator, SRC1, was disrupted by MG132. Taken together, these data suggest that proteasome system is a potential cell signal-regulated
mechanism for hCAR activation and may provide a unique target for dissection of
the hCAR complex signaling network.
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PATHWAY MAPPING OF PRIMARY HUMAN
HEPATOCYTES EXPOSED TO PROTOTYPIC
CHEMICAL INDUCERS.

K. John1, 2, K. M. Goyak1 and C. J. Omiecinski1. 1Center for Molecular Toxicology
and Carcinogenesis, Pennsylvania State University, University Park, PA and 2DuPont
Haskell Global Centers for Health and Environmental Sciences, Newark, DE.
When cultured appropriately, primary cultures of human hepatocytes are a robust
ex vivo model for toxicology research investigations. We previously reported wide
interindividual differences in responsiveness among donors resulting from hepatocyte exposures to 3 prototypic chemical inducers- Arochlor 1254 (30 μM), di(2ethylhexyl) phthalate (100 μM), or phenobarbital (500 μM) [TAAP 231: 216,
2008]. Here, we re-examined transcript profiles from Affy U133 2.0 arrays using
Ingenuity Pathway Analysis (IPA; Ingenuity Systems, Redwood City, CA) to further assess gene networks and functional pathways altered across treatments. Using
a 3-fold ‘up’ or ‘down’ regulated cutoff, 15 probe sets were revealed altered in common across all 3 treatments, with 6 mapping to known processes. All exhibited upregulation. The most highly altered targets included CYP2B6, well recognized for
its inducer responsiveness and role in xenobiotic metabolism; TXNRD1, thioredoxin reductase 1, an isoform with proposed function in the activation of actin and
tubulin polymerization; fibroblast growth factor 18 (FGF18), suggested to stimulate hepatic/ intestinal cell proliferation; and spermatogenesis associated 22
(SPATA22), a less well studied protein expressed in liver but more typically associated in testis development. The strongest disease pathway associations related to
cancer, genetic and reproductive disorders (p < 0.004 for all). The most significantly affected functional pathway associations included those relating to xenobiotic metabolism, apoptosis, Nrf2-mediated oxidative stress, and glutathione depletion-mediated hepatic toxicity (p < 0.003 for all). The strong associations noted
with FGF, cancer signaling and certain developmental processes were unexpected.
Activation of these alternative non-traditional pathways may reflect common
modes of action to certain xenobiotic exposures and may represent novel exposure
biomarkers requiring further validation.

190

INTERACTIONS BETWEEN THE ARYL
HYDROCARBON RECEPTOR AND ADIPOCYTE
REGULATION OF BREAST CANCER CELL GROWTH.

T. B. Salisbury1, R. Jones1, M. Hodge1, A. Chaudhry1 and G. Z. Morris2.
1Pharmacology, Physiology and Toxicology, Joan C Edwards School of Medicine,
Marshall University, Huntington, WV and 2Science and Mathematics, Glenville State
College, Glenville, WV. Sponsor: M. Valentovic.
The aryl hydrocarbon receptor (AHR) is a ligand-activated transcription factor that
is regulated by the lipid soluble environmental toxicant 2,3,7,8 tetrachlorodibenzop-dioxin (TCDD). TCDD activation of the AHR induces the transcription of several genes that are important for xenobiotic metabolism. Obesity is a risk factor for
several types of cancers and identifying molecular mechanisms that influence the
interactions between adipose tissue and cancerous epithelial cells will be important
for developing new cancer therapies given the current increases in obesity in the
United States. Adipocytes mediate this risk through multiple mechanisms involving
several adipocyte derived signaling molecules which stimulate tumor growth directly or indirectly by promoting angiogenesis and inflammation. We have discovered that pharmacological AHR antagonists inhibit adipocyte-supported growth of
human breast cancer cells. However, the mechanisms by which the AHR potentially mediates adipocyte regulated breast cancer cell growth are not clear. To further
define the role of the AHR in mediating the effects of adipocyte derived signaling
molecules on breast cancer cell growth, short interfering RNA against the AHR,
real-time PCR based cell cycle gene arrays, western blot analysis and cell growth experiments were performed. Using these methods, we identified that the adipocyte
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secreted growth factor insulin like growth factor 1 (IGF-1) induces the expression
of the AHR in human breast cancer cells, several genes which are important for the
cell cycle are regulated by the AHR in human breast cancer cells, and that knocking
down the expression of the AHR influences signal-induced human breast cancer
cell growth. Taken together, these new results further suggest that the AHR plays an
endogenous role in mediating paracrine signaling between adipocytes and breast
cancer cells.
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GNF351 DIMINISHES ARYL HYDROCARBON
RECEPTOR OCCUPANCY AT THE IL-6 PROMOTER
CONTRIBUTING TO MODULATION OF
INFLAMMATORY PHENOTYPE IN HFLS-RA CELLS.

T. S. Lahoti1, I. A. Murray1, K. John2 and G. H. Perdew1. 1Veterinary Sciences,
Penn State University, University Park, PA and 2DuPont Haskell Global Centers for
Health and Environmental Sciences, Newark, DE.
Rheumatoid Arthritis (RA) is a chronic inflammatory disease of unknown etiology
which manifests itself, in part, as inflamed human fibroblast-like synoviocytes
(HFLS). Upon inflammation, FLS, in RA aggressively proliferate to form a pannus,
leading to expression of inflammatory mediators. Epidemiological studies have
identified a positive correlation between cigarette smoking, a source of agonistic
aryl hydrocarbon receptor (AHR) ligands, and development/ progressive phenotype of RA. Thus we hypothesized that inhibition of AHR activity with a potent
AHR antagonist GNF351 could diminish the inflammatory phenotype of HFLSRA cells. Previously, we have demonstrated GNF351 to suppress cytokine mediated
expression of IL1B, IL6, IL8, COX2, and CCL20 gene expression in HFLS-RA
cells. Here we are interested in exploring the mechanism of suppression in such
genes by GNF351. Cells were pretreated with 100 nM GNF351 for 12 h followed
by 10ng/ml IL1B for an additional 2 h prior to chromatin immunoprecipitation
(ChIP). The subsequent qPCR analysis of 0.5 kb region upstream of IL6 promoter
suggested the occupancy of dioxin response element (DRE) by AHR which was diminished by GNF351. ELISA was performed on supernatant from HFLS-RA cells
pre-exposed to 100 nM or 200 nM GNF351 for 12 h followed by stimulation with
IL-1B, cells were again treated at 12h post IL1B for a total period of 36 h revealed
that the IL6 protein exhibits a dose-dependent decrease by GNF351. Overall, these
data suggest GNF351 modulates inflammatory phenotype in HFLS-RA cells by diminishing AHR occupancy on IL6 promoter. Thus it may represent a viable therapeutic target for the amelioration of inflammation associated with rheumatoid
arthritis.
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CONSTITUTIVE AHR ACTIVATION IN CARDIAC
MYOCYTES INDUCES HEART MALFORMATION IN
ZEBRAFISH.

K. Lanham1, R. E. Peterson2, 3 and W. Heideman1, 2, 3. 1Department of
Biomolecular Chemistry, University of Wisconsin-Madison, Madison, WI, 2Molecular
and Environmental Toxicology Center, University of Wisconsin-Madison, Madison,
WI and 3School of Pharmacy, University of Wisconsin-Madison, Madison, WI.
Exposure of zebrafish embryos to 2,3,7,8-tetrachlorordibenzo-p-dioxin (TCDD)
activates the zebrafish aryl hydrocarbon receptor 2 (Ahr2) to produce multiple developmental defects, particularly within the cardiovascular system. These defects include unlooping of the heart, pericardial and yolk sac edema, reduction of cardiac
output, decreased peripheral blood flow, disruption of bulbus arteriosus formation,
and impaired common cardinal vein regression. The gene targets responsible for
these developmental defects following AHR activation remain unknown. A primary difficulty in unraveling the target genes is a lack of understanding regarding
the site of action of TCDD and how that contributes to specific endpoints of toxicity. Cardiac toxicity could be the result of TCDD acting directly on myocardial
cells or it could be secondary to AHR activation in endothelial cells or at other distal sites. To test whether AHR activation in the myocardium reproduces cardiac
endpoints of TCDD toxicity we constructed a constitutively active AHR and expressed it under the control of a myocardium specific promoter in zebrafish. AHR
activation within the myocardium was sufficient to reproduce some, but not all, of
the cardiovascular defects seen following TCDD exposure. Notably, myocardial
AHR activation produced pericardial edema and altered heart looping; however,
bulbus arteriosus formation and common cardinal vein regression occurred normally. These results link specific endpoints of TCDD cardiac toxicity to AHR activation within cardiac myocytes and demonstrates that these endpoints are not secondary to AHR activation within other cell types. (Supported by NIEHS, NIH
Grants RO1 ES012716 and T32 ES007015)
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ROLE OF TRPA1 IN DIESEL EXHAUST PARTICLEINDUCED PNEUMOTOXICITY.

C. Deering-Rice, S. Darien, E. G. Romero, J. M. Veranth, G. S. Yost and C. A.
Reilly. Pharmacology/Toxicology, University of Utah, Salt Lake City, UT.
Inhalation exposure to environmental particulate air pollutants (PM) is correlated
with a number of specific adverse health effects in humans. However, the molecular
“sensors” that detect PM and initiate deleterious responses that may culminate as
compromised health are not known. Recently, TRPA1 was shown to be activated by
diesel exhaust particulate (DEP), but the molecular consequences of this phenomenon have not been demonstrated. The hypothesis of this study was that activation
of TRPA1 by DEP would cause pneumotoxicity. Studies in vitro indicate that the
activation of TRPA1 by DEP is selective and it is the electrophilic components of
DEP that activate TRPA1. Mutation of the electrophile binding site on TRPA1
substantially decreased channel activation by DEP, while mutation of the menthol
binding site had no effect. DEP induced calcium flux in isolated mouse sensory
neurons overlapped with responsiveness to the prototype TRPA1 agonist AITC and
were abolished by co-treatment with the TRPA1 antagonist HC-030031. Mice instilled with DEP exhibited a reduction in lung compliance and increased expression
of a number of pro-inflammatory and ER stress-associated genes. Both changes in
lung compliance and the pro-apoptotic ER stress response gene GADD153 were
attenuated by HC-030031 co-treatment implicating TRPA1 as the mediator of
these processes in vivo. This study identified TRPA1 as a specific molecular sensor
for specific chemical components of DEP and suggests that activation of TRPA1 in
airway cells may be a critical first-step in DEP-induced pneumotoxicities including
irritation, inflammation, and tissue injury. This work was supported by the 2011
Colgate-Palmolive Postdoctoral Fellowship and NIH grant ES017431.
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EFFECTS OF MUNITIONS AND BREAKDOWN
PRODUCTS ON PEROXISOMAL PROLIFERATOR
ACTIVATED RECEPTORS (PPAR) AND THE
HETERODIMER RETINOID X RECEPTOR ALPHA
(RXRα).

D. R. Johnson1, C. Ang2 and E. J. Perkins1. 1US Army ERDC, Vicksburg, MS and
2Badger Testing Services, Vicksburg, MS.
Exposure to munitions compounds has been shown to alter energy stores and biomolecules in wildlife, some of which are due to chemical-mediated alteration of
PPAR-regulated genes. The objective of this project was to determine the role of
munitions on gene activation via PPAR and its heterodimer RXRα. PPAR activation was measured according to the cell-based nuclear receptor activation kits
(Indigo Biosciences, State College, PA). Briefly, 0.01-10 mg/l munitions (2,4,6trinitrotoluene [TNT], 2,4-dinitrotoluene [2,4-DNT], 2,6-dinitrotoluene [2,6DNT], hexahydro-1,3,5-trinitro-1,3,5-triazine [RDX], 2,4,6,8,10,12—hexanitro2,4,6,8,10,12-hexazaisowurtzitane [CL-20], 1,3,5-trinitrobenzene [1,3,5-TNB],
2,4-dinitroanisole [DNAN], and 5-nitro-1,2,4-triazol-3-one [NTO]) and TNT
breakdown products (2,4-amino-6-nitrotoluene [2,4-DANT], 2-amino-4,6-dinitrotoluene [2-A-4,6-DNT], 4-amino-2,6-dinitrotoluene [4-A-2,6-DNT]) were
added to wells containing transfected cells containing high constitutive levels of
PPAR isoforms (α,γ,δ) or RXRα. After 24 h exposure, levels of nuclear receptor activation were measured by luciferase assays. Cytotoxicity was measured by the Live
Cell Multiplex assay (Calcein-AM). PPARα activation was suppressed by TNT and
other nitroaromatic compounds (0.33-0.41-fold of control at 10 mg/l) and DNAN
(0.73). PPARγ activation was increased by TNT (6.7-fold of control at 10 mg/l),
but suppressed by 4-A-2,6-DNT (0.41). PPARδ activation was suppressed by 12 of
the 17 energetics studied (0.25-0.7). RXRα activation was increased by NTO
(1.45), but suppressed by 4-A-2,6-DNT (0.54). Cell survival was only markedly
decreased by 1,3,5-TNB. These data demonstrate the ability of primarily legacy nitroaromatic munitions to moderate nuclear receptors that regulate numerous genes
involved in lipid and glucose homeostasis. This in vitro systems toxicology approach may provide insight into molecular initiation events that can be linked to
adverse outcomes at increasing levels of biological organization.
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ACTIVATION OF THE IRRITANT RECEPTOR TRPA1 BY
WOOD SMOKE PARTICULATE MATERIAL AND
ASSOCIATED CHEMICAL COMPONENTS.

D. Shapiro, C. E. Deering-Rice, E. G. Romero, G. S. Yost, J. M. Veranth and
C. A. Reilly. Pharmacology and Toxicology, University of Utah, Salt Lake, UT.
Inhalation of combustion derived particulate matter (cdPM) in polluted air is correlated with adverse health effects in humans. Wood smoke particulate matter
(WSPM) is a common form of cdPM. While it is clear that WSPM possesses a

threat to human health, the molecular mechanisms through which it causes adverse
effects is not well defined. The hypothesis of this study was that TRP channels are
activated by WSPM as a mechanistic basis for pulmonary inflammation, injury,
and potentially respiratory dysfunction. Pine and mesquite PM were generated in
the laboratory. These PM robustly activated TRPA1, but did not activate TRPV1,
V2, V4, M2, or M8. Several chemical components of WSPM were also assayed, revealing new TRPA1 agonists. Differential activation of TRPA1, as a function of
particle size, demonstrated that PM<10 μm were most potent. The mechanism of
TRPA1 activation by WSPM largely involved the electrophile/oxidant sensing domain of TRPA1, but ongoing studies suggest that the the menthol binding site of
TRPA1 also is a target for non-electrophilic WSPM components. WSPM also potently activated TRPA1 in isolated sensory neurons which was associated with
changes in the expression of mRNA for the stress marker c-fos, the pro-inflammatory neuropeptides substance P and neurokinin A, as well as TRP channels. This
study identifies TRPA1 as a molecular sensor for WSPM in airway sensory neurons
which is hypothesized to be a critical step in elucidating the precise mechanisms by
which WSPM causes respiratory toxicities. Support: NIH ES017431 and The
University of Utah Biology Undergraduate (BioURP) program.
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A NOVEL ROLE OF THE CONSTITUTIVE
ANDROSTANE RECEPTOR IN HUMAN HEPATIC
DIFFERENTIATION.

F. Chen, S. M. Zamule, D. M. Coslo and C. J. Omiecinski. Center for Molecular
Toxicology and Carcinogenesis, University Park, PA.
The constitutive androstane receptor (CAR) is an orphan receptor that regulates
the expression of genes involved in hepatic metabolism and clearance of exogenous
and endogenous substances. Recent reports have indicated detection of CAR expression in fetal livers of mouse, rat and human. Coupled with our findings
demonstrating that CAR is significantly increased in hepatic-like cells derived from
human embryonic stem cells (hESCs) [CBI 190: 62, 2011], we hypothesized that
CAR plays an important functional role in hepatic differentiation. Over-expression
of CAR in hESCs transduced by a lentiviral vector enhanced mRNA expression of
hepatic-specific markers, including transcription factors (C/EBPα, HNF1α, and
HNF4α), plasma proteins (α-fetoprotein and albumin), biotransformation enzymes (CYP2B6, CYP3A4 and CYP3A7), and metabolic enzymes (HMGCS2 and
PEPCK). In particular, CYP3A4 and CYP3A7 expression were 39- and 30-fold elevated, respectively, in the CAR transduced hepatic-like cells compared with nontransduced cells after 20 days of differentiation. The transduction of CAR also accelerated maturation of hepatic-like cells, with CAR over-expressing cells exhibiting
a 2.5-fold increase in albumin secretion at day 20. Inducible activity of CYP3A7 by
5μM CITCO in CAR over-expressing cells was also significantly higher than that
of non-transduced cells. Further, knockdown of CAR mRNA via siRNA attenuated
the differentiation-dependent increase in hepatic marker expression, including
C/EBPα, HNF1α, HNF4α, FOXA1, and α-fetoprotein. In contrast, expression of
the pregnane X receptor (PXR), another nuclear receptor, was extremely low in fetal
liver tissue and not increased during the differentiation process. In addition, overexpression of PXR in hepatic hESCs did not result in enhanced expression of genes
involved in hepatic differentiation/maturation. These data suggest that CAR, but
not PXR, contributes importantly to hepatic lineage commitment.
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IDENTIFICATION OF STANNIOCALCIN 2 AS A NOVEL
TRANSCRIPTIONAL TARGET OF THE ARYL
HYDROCARBON RECEPTOR.

T. Harper and C. J. Elferink. Pharmacology & Toxicology, University of Texas
Medical Branch, Galveston, TX.
The aryl hydrocarbon receptor (AhR) is a ligand-activated member of the PerARNT-Sim (PAS) superfamily of transcription factors. The AhR is traditionally
recognized for its role in the adaptive metabolism of polycyclic and halogenated
aromatic hydrocarbons. However, current AhR research has focused on the understanding of normal AhR biology and physiological activities due to the generation
of the AhR knockout mouse. Recent reports from our lab and others suggest the
AhR has a role in regulating cell survival and death. These newly recognized roles
along with traditional AhR activities have steered our laboratory in the direction of
identifying AhR target genes in the absence of an exogenous ligand. Using primary
hepatocytes isolated from an AhRfx/fx (floxed) mouse, we are able to generate AhR
null hepatocytes through introduction of Cre recombinase using an adenoviral expression system. This model allows us to monitor changes in the transcriptome that
occur immediately after the loss of the AhR. In order to assess AhR transcriptional
control in relation to apoptosis we performed qRTPCR using SYBR arrays containing 84 key genes involved in cell death. However, no significant changes were
identified leading us to perform a comprehensive DNA microarray analysis.
Stanniocalcin 2 (Stc2) was consistently down regulated with the loss of the AhR in

both the microarray screen and SYBR validation. In silico analysis of the Stc2 promoter region identified 9 putative AhR binding elements (XRE) within 1 kb of the
Stc2 transcriptional start site. Further analysis of AhR dependent Stc2 induction reveals Stc2 as a new AhR target gene induced in ER stress responses. As a result we
are now in position to characterize the AhR-Stc2 relationship that ultimately leads
to cell survival, a mechanism consistent with normal AhR biology and physiological function. [ES012018, ES07254, ES006676]
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ATMOSPHERIC BEHAVIOR, DEPOSITION, AND
BUDGET OF RADIOACTIVE MATERIALS FROM THE
FUKUSHIMA DAIICHI NUCLEAR POWER PLANT IN
MARCH 2011.

Y. Morino, T. Ohara and M. Nishizawa. National Institute for Environmental
Studies, Tsukuba, Japan. Sponsor: Y. Aoki.
To understand the atmospheric behavior of radioactive materials emitted from the
Fukushima Daiichi nuclear power plant after the nuclear accident that accompanied the great Tohoku earthquake and tsunami on 11 March 2011, we simulated
the transport and deposition of iodine-131 and cesium-137 using a chemical transport model. The model roughly reproduced the observed temporal and spatial variations of deposition rates over 15 Japanese prefectures (60-400 km from the plant),
including Tokyo, although there were some discrepancies between the simulated
and observed rates. These discrepancies were likely due to uncertainties in the simulation of emission, transport, and deposition processes in the model. A budget
analysis indicated that approximately 13% of iodine-131 and 22% of cesium-137
were deposited over land in Japan, and the rest was deposited over the ocean or
transported out of the model domain (700 × 700 km2). Radioactivity budgets are
sensitive to temporal emission patterns. Accurate estimation of emissions to the air
is important for estimation of the atmospheric behavior of radionuclides and their
subsequent behavior in land water, soil, vegetation, and the ocean.
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HUMAN HEALTH RISK ASSESSMENT FOLLOWING
THE FUKUSHIMA NUCLEAR POWER PLANT
ACCIDENT.

A. Tritscher, P. Verger, M. Perez and E. Perkins-van Deventer. World Health
Organization, Geneva, Switzerland.
Following the accident at the Japanese nuclear power plant in Fukushima, as consequence of the severe earthquake and tsunami, WHO has been working with other
international partners to advise countries on potential health implications. WHO is
now engaged in an international effort to assess the human health risk of radiation
exposure due to this incident for the population globally. Different scenarios have
been defined regarding exposed population within and outside Japan and different
age groups (adult, 10y child, 1-2y child). As a first step, together with FAO and
IAEA, WHO has established an international expert group for the initial evaluation
of total radiation exposure, considering internal exposure from ingestion (food and
drinking water) and inhalation, and external exposure. Total dose assessments will
be available by the end of 2011, these will feed into the work of another expert
panel to estimate the potential health risks. Primary input data for the oral exposure
assessments are monitoring results rather than modelling results, focussing on the
first four months after the accident. Inhalation doses will be estimated both for
Japan and the rest of the world on the basis of atmospheric dispersion modelling.
External dose estimates will be based on atmospheric dispersion modelling and on
data on ground deposition levels and on gamma dose rates. The outcome of the
preliminary dose assessments will feed into estimates for dose response relationships
between effective doses and total cancer, effective dose and all solid cancers or
leukemia; and between thyroid dose and risk of thyroid cancer.

200

AIRBORNE RADIATION MONITORING IN
CALIFORNIA FOLLOWING THE 2011 FUKUSHIMA
DISASTER.

S. B. DuTeaux. Office of Emergency Response, California Air Resources Board,
Sacramento, CA.
Shortly after the March 11, 2011 earthquake and tsunami, concerns rose about the
threat of a radioactive plume reaching the US from the destabilized Fukushima
Daiichi reactors. California officials tried to access the most reliable model predictions from the National Atmospheric Release Advisory Center (NARAC) and the
Defense Threat Reduction Agency (DTRA). Unfortunately, those models were not
available to agencies responsible for radiation monitoring in California. In their absence, models from the Comprehensive Nuclear Test Ban Treaty Organization and
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the Norwegian Institute for Air Research quickly spread through the internet and
media outlets. Both emphasized extremely minor consequences; however, the
plume images themselves fueled fear and speculation and resulted in a deluge of
public inquiries. Thankfully, California has robust radiation monitoring capabilities, including a filter-based program operated by the California Department of
Public Health (CDPH) and 11 near-real time radiation monitors operated by the
California Air Resources Board (ARB) and local air districts on behalf of the
Environmental Protection Agency’s (EPA) RadNet Program. From March 12-20,
gross beta and gamma counts were not significantly different from data prior to the
Fukushima disaster. Not until the first filters were analyzed was it clear that gaseous
iodine-131 (I131) and cesium-137 (Cs137) particulates — isotopes of greatest concern following a nuclear power accident — arrived in California. Concentrations
were far below any public health concern. However, the fact that I131 and Cs137
were detected catapulted state and local agencies into a tremendous risk communication effort. ARB executives launched a consolidated web portal for Californiaspecific data and joined efforts with others in a multi-agency coordination group to
focus the work of technical specialists and to develop consistent messages. Airborne
radiation quickly returned to background, but the “fallout” resulted in many lessons learned for California’s emergency response and public health agencies.

201

RISK COMMUNICATION FAILURE ABOUT
ENVIRONMENTAL CONTAMINATION BY
RADIONUCLIDES AFTER MELTDOWN DISASTER AT
FUKUSHIMA DAIICHI NUCLEAR POWER PLANT
(FDNP).

F. Kayama and M. Ogawa. Environmental Toxicology, Jichi Medical University,
Shimotsuke, Tochigi, Japan.
Environmental risk assessment and risk communication were of eminent importance after meltdown of the FDNP nuclear reactors caused by the devastating
tsunami attack. After release of half a million terra Bq of radionuclides, approximately 10% of that of Chernovyl disaster, environmental radiation monitoring and
risk communication by Japanese Government was failure in the early stages. The
governmental spokesman, one of Cabinet member, simply announced measurement values of space radiation and claiming safety, even though he was not reliable
authority of the academia. After six months of the event, I conducted questionnaires survey among the participants after risk communication seminars about radiation and food safety in the neighboring communities from Fukushima prefecture. The result showed that announcement of environmental radiation monitoring
data rather increased their anxieties and suspicion about the government’s concealment of the catastrophic damage. They have been looking for information about
margin of safety and risk. As my conclusion, simple and clear messages about risk
and basic knowledge of radiation toxicology shall be given to the inhabitants with
environmental measurement data sets.
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RADIATION SYSTEMS BIOLOGY: A FOCUS ON LOW
DOSE.

T. J. Weber1, K. M. Waters2, H. Shankaran2, D. L. Stenoien1, M. B. Sowa1, S.
M. Varnum1, D. L. Springer1, J. H. Miller3, Q. Zhang4 and W. F. Morgan1.
1Cell Biology and Biochemistry, Pacific Northwest National Laboratory, Richland,
WA, 2Computational Biology and Bioinformatics Group, Pacific Northwest National
Laboratory, Richland, WA, 3Washington State University, Richland, WA and 4EMSL,
Pacific Northwest National Laboratory, Richland, WA.
The health effects of low doses of radiation (LDR) are not fully understood, and
few have considered the role of background radiation in gene-environment interactions. Radiation leakage at Fukushima and the concern over intentional release of
radioactive materials by terrorists have heightened public awareness of this issue.
The Pacific Northwest National Laboratory’s (PNNL) low dose radiation systems
biology program is investigating the consequences of low dose radiation exposures
in experimental human organotypic skin culture. Skin is the 4th most sensitive site
in atomic bomb survivors, exhibits dose-dependent transitions for radiation carcinogenesis and is the most advanced human organotypic model system. Our approach combines genomic, proteomic and metabolomic platforms to interrogate
tissue radiation responses and exploits advanced bioinformatics and computational
modeling resources developed at PNNL to interpret complex data sets. Many signaling networks are activated by low doses of radiation, including p38 MAPK pathway, IGF1 pathway and cell proliferation/apoptosis. Further, advanced imaging capabilities have led to the discovery of new LDR sensitivities in molecular feedback
control processes that regulate major signaling networks (e.g. ERK). Our objective
is to understand the consequences of LDR on cellular homeostasis and how this
impacts tissue response to subsequent challenges. We are currently developing radiosensitive engineered tissue model systems as contrast to normal tissue responses
to LDR. The long term goal is to determine scenarios where LDR effects might
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modulate human health or modify subsequent challenges induced by a second insult, (e.g., in the case of a radiological incident wound healing, physical trauma or
burns.)

203

INTEGRATION OF BIOLOGICAL MODELING FOR
IMPROVED RADIATION RISK ASSESSMENT.

D. L. Stricklin and K. Millage. ARA, Arlington, VA.
Biological modeling has helped improve our understanding of how radioactive contaminants distribute in the body after an intake, as well as how radiation interacts
with the body to cause acute damage. For example, application of a detailed inhalation model together with physiological models for internalized Cs-137 and Am241 has improved radiation dose estimations. Modeling of the treatment of these
nuclides by Prussian Blue and DTPA further enables the evaluation of the efficacy
of treatment at different times after exposure and for different treatment durations.
The resulting knowledge improves the risk assessment for both acute effects, as well
as long-term health risks. Physiological models for Cs-137 and Am-241 and their
treatment will be presented along with practical examples of their application.
Another useful application of biological modeling employs a systems biology approach to examine how radiation interacts with acute injury (e.g. burn or trauma)
to provide valuable information concerning common mechanistic interactions between the two different injury types (e.g. radiation together with burn). This modeling effort provides a more accurate understanding of the pathophysiology of combined injury and can improve estimation of the outcomes anticipated after major
radiological events like the Chernobyl accident. Thus, biological modeling can help
better predict health consequences of radiological hazards from nuclear accidents,
and therefore provide valuable information that can be used to minimize the impact of radiological incidents.
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HEMATOPOIETIC STROMA AND NICHES FORM A
GENERATION-AGE STRUCTURE, BASED ON
STEM/PROGENITOR CELL DIFFERENTIATION,
SEPARATED BY HETEROGENEOUS FUNCTIONAL
COMPARTMENT.

T. Inoue1, 2, 3, K. Otsuka4, I. Tsuboi1, S. Aizawa1 and Y. Hirabayashi5.
1Department of Function & Structural Medicine, Nihon University School of
Medicine, Tokyo, Japan, 2Center for Biological Safety & Research, NIHS, Tokyo,
Japan, 3PMDA, Tokyo, Japan, 4Radiation Safety Research Center, CRIEPI, Tokyo,
Japan and 5Division of Cell & Molecular Toxicology, Center for Biological Safety &
Research, NIHS, Tokyo, Japan.
Prolonged genomic changes after radiation exposure are stochastic and thus cannot
be identified on the basis of common gene expression in hematopoietic stem/progenitor cells. Changes, if available, may be radiation-effect-related changes in stromal/niche functions; however, little evidence has been reported to date. Recent
progress in functional research on hematopoietic stem/progenitor cells has suggested that their changes seem to be due to oxidative stresses caused by
stromal/niche alterations. According to our collaborator’s recent report, surveying
the regeneration capability of lineage(-)c-kit(+)SCA1(+) (LKS) cells in lethally irradiated and repopulated mice, monitored by the Ly5.1 isotype for 270 days after
transplantation (Otsuka et al. Exp Hematol, 2010), each bone marrow niche/stromal cell maintained stem/progenitor compartment, such as the LKS fraction or various colony forming units, respectively were found to be functionally different.
Specifically, the LKS fraction was likely to be unable to differentiate and migrate to
peripheral blood after 270 days when the recipient stroma was irradiated.
Presumably, although primitive (possibly osteoblastic) niches were found to be radiosensitive, intermediate (possibly vascular) niches seemed to be moderately radiosensitive and promoted progenitor cells to proliferate and differentiate, and the
general type of stromal cells was less sensitive to radiation and promoted mature
blood cells to migrate to peripheral blood. Each stromal cell component or detailed
regulating gene repertoire is not yet identified. The findings of this study suggest
that each stromal cell compartment was functionally separated along with the
hematopoietic cell differentiation from primitive stem cells via various progenitor
cells to mature blood cells.
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ACUTE RADIATION SYNDROME: HEMATOPOIETIC
CHARACTERIZATION OF A NONRODENT MODEL.

F. Duguay1, M. Pouliot1, A. Ascah1, R. Forster1, E. Troncy2 and S. Authier1, 2.
1CiToxLAB, Laval, QC, Canada and 2Faculty of Veterinary Medicine, University of
Montreal, Laval, QC, Canada.
Current regulations require evaluation of radiomitigation drug candidate efficacy
and safety in a rodent and a nonrodent model prior to approval under the FDA
Animal Rule. Cell blood counts were obtained from 120 Rhesus monkeys for 12 to

60 days after whole body radiation using a Cobalt-60 at radiation dose levels ranging from 400 to 1210 Gy. White blood cell counts showed a progressive decrease
with radiation dose-dependent nadirs. Recovery of white blood cells to baseline levels was observed approximately on Day 26 at doses of 400, 600 and 634 cGy.
Neutrophil counts also showed a progressive decrease after irradiation and reached
earlier and lower nadirs with higher irradiation doses. Severe neutropenia (≤ 0.5 X
109/L) was first observed on Day 8 at 400 cGy while it was first noted on Day 5 at
irradiation doses of 600 cGy and higher. The number of days of severe neutropenia
was 10, 13 and 15 at radiation doses of 400, 600 and 634 cGy. Lymphocyte counts
on Day 2 post-TBI were significantly decreased from baseline with a severity that
was irradiation dose-dependent. Lymphocyte count recovery was initially observed
approximately on Day 18 but remained lower than baseline levels throughout of
monitoring period at all irradiation doses. Severe thrombocytopenia was first observed on Days 16, 11 and 10 at radiation doses of 400, 600 and 634 cGy, respectively. Platelet nadirs were observed earlier at higher irradiation doses and the recovery was comparable at irradiation doses of 400, 600 and 634 cGy. Mean platelet
volume decreased parallel to platelet counts. At 634 cGy, mean platelet volume
reached a minimum (-12% from baseline) on Day 12 post-TBI. The hematology
profiles obtained in this nonrodent acute radiation syndrome model were comparable to radiation exposed humans and confirm the value of this nonrodent model for
drug development.
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RADIATION EXPOSURE EXACERBATES LETHALITY
AND LUNG PATHOLOGY FOLLOWING A
SUBSEQUENT INFLUENZA A VIRUS INFECTION.

C. M. Manning1, C. J. Johnston1, 2, B. Lawrence1, J. P. Williams3 and J. N.
Finkelstein1, 2, 3. 1Environmental Medicine, University of Rochester, Rochester, NY,
2Pediatrics, University of Rochester, Rochester, NY and 3Radiation Oncology,
University of Rochester, Rochester, NY.
Since 2001, there has been increased concern with the possibility of a radiological
or nuclear dispersion event. Exposed individuals that survive the acute radiation
syndrome will be at risk for complications resulting from radiation injury in late-responding tissues, such as the lung. The lung’s constant contact with the outside environment also makes it susceptible to other noxious agents, such as pathogens. It is
unknown whether irradiation will affect the lung’s ability to defend against a subsequent challenge. In this study, we hypothesized that irradiation will affect the lung’s
response to an Influenza A virus infection. Adult, C57Bl/6J mice were whole lung
irradiated with 0,5,10 or 15 Gy γ-radiation and infected with virus ten weeks later.
Mortality, immune cell recruitment, viral titer, lung structure and lung function
were assessed. Mortality after infection was increased in 10 and 15 Gy irradiated
animals. Surviving 15 Gy irradiated animals failed to regain body weight lost during infection. The peak T cell response was attenuated in the 15 Gy irradiated infected animals; however, viral clearance still occurred. Irradiated infected animals
also displayed persistent pulmonary edema. We further investigated the effect of infection on exacerbation of radiation-induced lung injury, which begins to appear at
26 weeks post-15 Gy lung irradiation. In 15 Gy irradiated infected animals, lung
pathology, which included increased collagen deposition, inflammation and edema,
was observed at 17 weeks post-irradiation. Consistent with pathological observations, these animals also displayed reduced pulmonary function at this time. From
this data, it was concluded that irradiation can increase lethality and impair the
restoration of normal lung structure and function following a virus infection.
Furthermore, this effect was dependent on the lung radiation dose. Funded by
NIAID U19 AI091036-01, ES-01247, ES T32 07026.
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NEONATAL IRRADIATION SENSITIZES MICE TO
ADULT PULMONARY INFLUENZA CHALLENGE.

C. J. Johnston1, 2, 4, C. M. Manning1, 2, 4, J. P. Williams4, T. D. Randall3, J.
Rangel-Moreno3, E. Hernady4 and J. N. Finkelstein1, 2, 4. 1Pediatrics, University of
Rochester, Rochester, NY, 2Environmental Medicine, University of Rochester,
Rochester, NY, 3Medicine, Allergy/Immunology and Rheumatology, University of
Rochester, Rochester, NY and 4Radiation Oncology, University of Rochester, Rochester,
NY.
Rationale: Significant differences exist between the physiology of the immature,
neonatal lung compared to the adult, which may affect acute and late response to
irradiation. Identifying these differences would be critical in developing successful
mitigation strategies for this special population. Our current hypothesis suggests
that radiation during this critical period is likely to alter developmental processes
resulting in long-term consequences including altered susceptibility to secondary
inflammatory challenge. Methods: C57BL/6J mice, 4 days of age, received total
body irradiation of 5.0 Gy. Mice were examined 3, 6 or 11 months post irradiation
(PI). At these times mice were intra-nasally infected with 120 HAU of influenza A
virus. Body weight and survival were monitored. Pulmonary response was deter-

mined by lavage and histological examination. Analysis of epithelial and inflammatory markers and gene expression were done by immunohistochemical and mRNA
analysis. Results: Following influenza infection, irradiated animals lost significantly
more weight at 6 and 11 months post-irradiation and had reduced survival compared to the unirradiated but infected controls with a greater effect seen at 11
months post radiation. Irradiated animals had a reduced percent of lymphocytes recruited to the lung following infection compared to shams. Conclusions: These results demonstrate that early life radiation injury may affect the lung’s response to a
subsequent challenge and further suggests that this effect may be dependent on the
time post-irradiation that the challenge occurs.Funded By: NIAID U19 AI067733-05S1, U19 AI - 091036,P30 ES-01247, ES T32 07026 and EPA Star PM
Center R-827354.
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FETAL RADIATION EXPOSURE INDUCES
TESTICULAR CANCER.

G. Shetty1, P. B. Comish1, C. C. Weng1, A. Matin2 and M. L. Meistrich1.
1Experimental Radiation Oncology, University of Texas M.D. Anderson Cancer
Center, Houston, TX and 2Genetics, University of Texas M.D. Anderson Cancer
Center, Houston, TX.
Fetal exposures to environmental factors have been cited as the cause of the steady
3% annual increase in testicular cancer in humans. Since testicular cancers are derived from primordial germ cells (PGCs), the increase has been attributed to maternal/fetal exposures to environmental factors. We examined the effects of an estrogen
(diethylstilbestrol, DES), an antiandrogen (flutamide), or radiation on the incidence of testicular germ cell tumors in a genetically predisposed mouse strain,
129.MOLF-L1 (L1) congenic mice. L1 mice were mated and vaginal-plug positive
females were exposed to the agents at days 10.5 and 11.5 of pregnancy. The testes
from male offspring were examined for the presence of teratoma by morphology
and histology at 4 weeks of age. Neither flutamide nor DES produced noticeable
increases in cancer incidence. In contrast, two doses of 0.8-Gy radiation increased
the incidence of testicular teratoma from 45% to 100% in the offspring. The percentage of mice with bilateral tumors, weights of testes with teratoma, and the percentage of tumors with multiple dermal origins were higher in the irradiated mice
than in controls, indicating that irradiation induced more aggressive tumors and/or
more foci of initiation sites in each testis. This radiation dose did not disrupt spermatogenesis, which was qualitatively normal in tumor-free testes although they
were reduced in size. Since the radiation is given at a stage when extensive DNA
demethylation and chromatin remodeling is occurring as the PGCs are losing their
pluripotent capacity, we suggest that the DNA repair response is interfering the epigenetic program at this critical stage. Also this is the first proof of induction of testicular cancer by an environmental agent and suggests that the male fetus of women
exposed to radiation at about 5-6 weeks of pregnancy might have an increased risk
of developing testicular cancer.
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IONIZING RADIATION AND ENVIRONMENTAL
TOXICANTS CAN INTERACT DURING BRAIN
DEVELOPMENT TO EXACERBATE COGNITIVE
DEFECTS IN MICE.

P. Eriksson1, B. Stenerlöw2, A. Fredriksson1, S. Buratovic1, H. Viberg1 and S.
Sundell-Bergman3. 1Department of Environmental Toxicology, Uppsala University,
Uppsala, Sweden, 2Department of Radiology, Oncology and Radiation Science,
Uppsala University, Uppsala, Sweden and 3Department of Soil and Environment,
Swedish University of Agricultural Sciences, Uppsala, Sweden.
There is lack of knowledge and increasing concern about low dose exposure to ionising radiation (IR) and induction of non-cancer effects. We are indirectly or directly exposed to persistent environmental toxicants and IR. It is therefore important to integrate different environmental agents which might act synergistically to
exacerbate developmental toxic effects and thereby also change the dose-response
curve. Foetuses and neonates are known to be high-risk groups for exposure to toxic
agents. Epidemiological studies indicate that exposure to environmental toxicants,
including IR, during early human development can have deleterious effects on cognitive development in childhood. By using the mouse as an animal model we can
study the effect of a single toxic agent given directly to the neonatal animal during
different stages of the rapid brain growth spurt, and also to study the combination
of environmental agents in a controlled manner. In these studies we have observed
that IR, and the environmental toxicants like MeHg, PCBs and PBDEs, can induce
behavioural disturbances such as deranged spontaneous behaviour and habituation,
learning and memory defects and reduced cognitive functions, together with altered function of the cholinergic system, when the exposure occurs during a critical
phase of neonatal brain development (PND 10). In recent studies we have observed
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that the effects after co-exposure to IR (0.05 – 1.5 Gy) and environmental toxicants
(e.g. MeHg 0.08 – 4.0 mg/kg bw, PBDE 99 0.8 mg/kg bw) on PND 10 significantly enhance the developmental neurotoxic effects at doses where neither compound nor the IR caused any developmental defects. Furthermore, the dose of IR is
down to a single exposure of just 0.1 Gy. This indicates a change in the dose-response curve of IR that can have implications for risk-estimates of non-cancerous
effects.

210

LOW-DOSE IONIZING RADIATION ALTERS THE
FETAL EPIGENOME OF THE AVY MOUSE.

A. Bernal1, D. Huang1, D. C. Dolinoy2 and R. L. Jirtle1. 1Radiation Oncology,
Duke University Medical Center, Durham, NC and 2Environmental Health Sciences,
University of Michigan School of Public Health, Ann Arbor, MI.
Low-dose (≤10.0 centigray (cGy)) radiation exposure from man-made sources,
such as diagnostic imaging, predominates in the US population and now comprises
nearly 50% of the average individual’s yearly radiation exposure. Besides the acute
effects of radiation exposure, there are concerns for long-term epigenetic aberrations. Such aberrations can disrupt normal development and are involved in the occurrence and progression of numerous diseases, including cancer. To date, analyses
of high doses of radiation have shown that epigenetic disruption occurs and is necessary for the persistence of radiation-induced genomic instability; however epigenetic changes in response to low-dose ionizing radiation (LDIR) in vivo have not
yet been fully defined.
In order to characterize the dose-dependent epigenetic responses to low-dose ionizing radiation, we utilized the Agouti viable yellow (Avy) mouse model. This is a
unique biological model that functions as a biosensor for developmental exposures
that alter the epigenome.
Here we show that LDIR exposure in utero induces epigenetic changes in the Avy
mouse in a dose-dependent and sex-specific manner. Acute exposure to 1.2, 2.5,
5.0 or 10.0 cGy X-ray irradiation significantly shifts offspring coat color distribution to pseudoagouti (ChiSquare: p = 0.019; p = 0.022, p = 0.0028, and p = 0.045,
respectively). To assess low-dose radiation’s effect on the epigenome of Avy/a offspring, DNA methylation levels at 11 CpG sites in and near the cryptic promoter
region of the Avy IAP were measured by bisulfite treatment and Sequenom analysis.
Acute exposure to 2.5 or 5.0 cGy significantly increases methylation at multiple
CpG sites in the Avy metastable epiallele in male offspring, but not female offspring
(Repeated Measures ANOVA, p<0.0001). Our results demonstrate that relevant,
low doses of radiation can elicit epigenetic changes that lead to a persistent phenotype.
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IS NEUROGENESIS ALTERED AFTER CHRONIC
INTERNAL CONTAMINATION OF URANIUM DURING
BRAIN DEVELOPMENT?

C. Dinocourt1, C. Ibanez1, N. Florès2, P. Lestaevel1, I. Dublineau1 and P.
Gourmelon1. 1DRPH/SRBE/LRTOX, IRSN, Fontenay aux roses, France and
2DRPH/SRBE/LRTOX, IRSN, Pierrelatte, France. Sponsor: M. Pallardy.
The objective of this study was to analyze the effects of depleted uranium (DU) on
neurogenesis at different stages of brain development in an in utero model of internal contamination. Female rats have been exposed to DU (40 or 120mg/L) during
gestation and lactation. Two time points of analysis have been chosen: embryonic
day 13 and post natal day 21. In this work, we examined : 1) if contamination
modified proliferation of cells in neurogenic zones by using BrdU immunostaining,
2) if cells from contaminated animals retained their multipotential properties using
in vitro neurosphere and differentiation assay and 3) if neurite growth is affected by
DU contamination using Golgi staining.
Preliminary results did not reveal any qualitative difference on cell proliferation in
subgranular zone in contaminated rats compared to sham animals at P21.
Moreover, no macroscopic morphological difference was observed on neurites of
granular cells between exposed and non exposed animals. Finally, cells from the telencephalic zone at E13 and cells from subventricular zone at P21 of exposed rats
retained their capacities to form neurospheres and kept their multipotential properties as cells from non exposed rats did.
These first data suggest that chronic contamination of low dose of uranium has no
effect on developmental neurogenesis at early stages. To complete these results, we
have started experiments to determine if the proportion of cells implicated in neurogenesis is modified after internal contamination. We are also performing behavioral tests on animals exposed to DU to determine cognitive changes. Together,
these results will provide a first view of internal contamination effects by uranium
on neurogenesis during brain development.
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URANIUM OLFACTORY ROUTE: A NASAL
INSTILLATION MODEL TO STUDY BIOLOGICAL
MECHANISMS INVOLVED IN THE TRANSFER TO THE
BRAIN.

C. Ibanez1, P. Lestaevel1, O. Delissen2, I. Dublineau1 and P. Gourmelon1.
1DRPH/SRBE/LRTOX, IRSN, Fontenay aux Roses, France and
2DRPH/SRBE/LRTOX, IRSN, Pierrelatte, France. Sponsor: M. Pallardy.
The first evidence that uranium could reach the brain via the olfactory compartment has raised new concerns in terms of radioprotection of nuclear workers potentially exposed to particles inhalation. A recent study suggested that neurons located in the nasal cavity are directly involved in uranium transfer to the brain,
representing a probable new contamination mode (Tournier et al., 1999). A feature
of this uranium pathway seems to be a specific accumulation in the anterior part of
the brain. Indeed, this is not observed when uranium is injected since its concentration is more homogenous throughout the brain.
In the light of these results, we developed a model of uranium nasal instillation to
test this hypothesis, the interest being that pharmacological association with other
agents and cellular localisation would be easier. A solution of uranyl nitrate at different concentrations (ranging from 0.01 to 10mg.ml-1) was instilled in the nasal
cavity of 12 week old male rats. Tissue dissections: olfactory epithelium and bulbs,
frontal cortex, hippocampus, cerebellum, lung-trachea and kidneys were performed
4 hours later. Uranium concentrations were measured by mass spectrometry. The
results show that instilled uranium accumulates in the olfactory bulbs and is measured in the other cerebral structures but at lower concentrations. Instilled uranium
was also found in lungs-trachea and kidneys. This frontal accumulation of uranium
in the brain is in accordance with previous inhalation experiments (Tournier et al.,
1999).
It appears that the nasal instillation model strengthen the hypothesis relying on a
uranium axonal route via neurons of the nasal cavity. Future experiments will be
performed to define the type of transport using lesion models or combining uranium with pharmacological agents involved in transporters, ion channels function.
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GENETIC ALTERATIONS AND FUNCTIONAL
CONSEQUENCES OF EMBRYONIC IONIZING
RADIATION EXPOSURE IN ZEBRAFISH.

J. L. Freeman, A. Funk, S. Peterson, G. Weber and L. H. Nie. Health Sciences,
Purdue University, West Lafayette, IN.
The relationship and genetic mechanisms associated with ionizing radiation (IR)
exposure and carcinogenesis has long been established, but recently the association
between IR exposure and other diseases is starting to be recognized. Currently, there
is limited information on the genetic mechanisms governing the role of IR exposure
in non-cancer related adverse health effects. To begin to elucidate radiation induced
genetic and functional alterations associated with non-carcinogenic diseases, zebrafish embryos were exposed to a range of IR doses (0, 1, 2, 5, and 10 Gy) at 24
hours post fertilization (hpf ). No significant increase in mortality or hatching rate
was observed at any dose at any developmental time point through 120 hpf. A significant decrease in body and head length and eye diameter was observed in the 10
Gy dose at 120 hpf. Genomic microarray analysis was subsequently conducted at
120 hpf to compare gene expression profiles between the control and highest IR
dose at which no significant differences were observed in gross morphological
measurements (5 Gy). In this analysis, 251 genes with a well-established function
or orthology to human genes were identified as significantly altered. Gene ontology
and molecular network analysis revealed enrichment of genes associated with cardiovascular and neurological development and function. As recent literature has
suggested a link between IR exposure and cardiovascular alterations, expression of a
subset of gene targets was assessed using qPCR with individuals exposed to 0, 1, 2,
or 5 Gy to identify a potential low threshold of effects on the cardiovascular associated gene targets. Moreover, heart rate was analyzed through 120 hpf following IR
dosing at 24 hpf. A significant decrease in heart rate was observed at 10 Gy, while a
significant increase in heart rate was observed at 1, 2, and 5 Gy. Overall these findings indicate IR exposure at doses below those that induce gross morphological
changes alters heart rate and expression of genes associated with cardiovascular and
neurological functions.
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IODIDE PROPHYLAXIS FOLLOWING NUCLEAR
ACCIDENTS: PROTECTING CHILDREN.

J. Fisher1 and C. Harris2. 1US FDA, Jefferson, AR and 2University of Georgia,
Athens, GA.
After the Chernobyl nuclear accident a significant increase in thyroid cancer incidence was observed in many children exposed to low doses of 131I exposure.
Protecting the fetal thyroid after week 12 of gestation, the thyroid glands of new-

borns, nursing and non-nursing infants, and maturing children became a priority.
The US Food and Drug Administration (FDA) published updated guidance documents for administration of KI, a prophylactic treatment for thyroid cancer, to children from birth to adolescents and for pregnant and lactating mothers. Stable iodide (KI) blocks uptake of radioactive iodide and depending on the dose, also shuts
down the thyroid gland (Wolff- Chaikoff effect) for a period of time. Overdosing
the fetus and the very young with KI is a concern, especially for repeated dosing.
The large scale health intervention action with KI in Polish children after the
Chernobyl nuclear accident represents one of the only data sets to examine the benefits and risks of KI administration to the young. KI was an effective and safe blocking agent, but transient hypothyroidism was reported in children. During development hypothyroidism can lead to intellectual developmental deficits, although no
reports of this outcome have been reported in the Polish population (NAS, 2004).
With the continued reliance on nuclear power for energy and the most recent natural disaster in Japan, research is needed to examine several aspects of KI safety and
its effectiveness in the young. The monkey is a primate research model that closely
resembles humans. Using different ages of young monkeys and tracer amounts of
131I and stable 127iodide (as KI), experiments can be conducted to evaluate KI
safety in the young. Age-dependent minimum effective doses of KI could be established in the young and the effectiveness of KI to block 131I could be determined
as a function of time elapsed since 131I exposure. These data in monkeys coupled
with neurodevelopmental evaluations would assist in public health decisions about
the benefits and risks of KI administration to the young.
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LACK OF QUINONE OXIDOREDUCTASES LEADS TO
INCREASED SUSCEPTIBILITY TO GAMMARADIATION-INDUCED LEUKEMIA AND LYMPHOMA.

A. K. Jaiswal. Pharmacology, University of Maryland School of Medicine, Baltimore,
MD.
NAD(P)H:quinone oxidoreductase 1 (NQO1) and NRH:quinone oxidoreductase
2 (NQO2) are known to detoxify quinones, prevent generation of reactive oxygen
species (ROS) and control stability of differentiation and/or growth factors. Present
studies demonstrate in vivo role of NQO1 and NQO2 in prevention of leukemia
and lymphoma, respectively. NQO1-null mice exposed to 3Gy gamma-radiation
predominately demonstrated myloproliferative disease/leukemia. This was evident
from bone marrow hypercellularity, an increase in neutrophils, and enlarged lymph
nodes and spleen. The spleen showed disrupted follicular structure, loss of red pulp,
and granulocyte and megakarocyte invasion. NQO2-null mice upon exposure to
3Gy gamma-radiation developed B-cell lymphomas in the various tissues. The wild
type mice in the same experiments showed absence of myeloproliferative disease
and lymphomas of tissues. Studies on molecular mechanism showed that lack of induction of myeloid differentiation factors C/EBPalpha and Pu.1 in bone marrow
from NQO1-/- mice exposed to gamma-radiation contributed to myeloproliferative disease/leukemia. Similarly, lack of induction of p53 and reduced apoptosis in
bone marrow from NQO2-null mice exposed to gamma-radiation contributed to
B-cell lymphomas. Together, the results suggest that NQO1 and NQO2 induction
of differentiation and growth factors and apoptosis provide protection against radiation insuced leukemia and lymphoma. The results are significant since a high frequency of human individuals carry mutations in NQO1 and NQO2 genes and are
deficient in NQO1 and NQO2 protein and activities. These individuals might be
at higher risk to develop myeloproliferative disease/leukemia or lymphoma especially when exposed to radiations.
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LARCH TREE-DERIVED ORAL DIHYDROQUERCETIN
(DHQ) SUPPLEMENTATION AS A NATURAL
RADIOPROTECTIVE AGENT.

A. G. Schauss1, I. Yegorova2 and J. Endres3. 1Natural and Medicinal Products
Research, AIBMR Life Sciences, Puyallup, WA, 2Inna Consulting Services,
Northridge, CA and 3AIBMR Life Sciences, Puyallup, WA.
The antioxidant bioflavonoid, dihydroquercetin (DHQ), derived from the larch
tree (Larix gmelinii Rupr.) grows in Siberia/Russian Far East. The tragic event related to the Fukushima incident in Japan has resulted in a reexamination of the attributes of DHQ as a radioprotective agent, originally stimulated by events surrounding the melt down at Chernobyl. Studies previously carried out in Russia
since 1975 on DHQ in animals suggests it can protect the immune system and
bodily tissues from radiation overexposure. Compared to two classical radioprotective oral agents, aminoethylisothiuronium and mexamine, DHQ was found to have
a significant radioprotective effect in irradiated mice. DHQ has also been shown in
mice to be radioprotective after a single 4 Gy dose of gamma-irradiation. The intensity of Fe2+-induced chemiluminescence of liver homogenates of experimental
mice was lower by the end of the experiment (p< 0.001) than the chemiluminescence of liver homogenates of both control and intact animals. In vivo experiments

suggest DHQ: increased the survival rate of mice exposed to 1,000 P gamma-irradiation; provided radioprotective effects in a wide range of doses-from 24 to 457
mg/kg alone and in a combination with ascorbic acid, restore red blood cells parameters, rheological indices, and baseline levels of lipid peroxidation without affecting leukocytes or platelets in rodents exposed to 3 GY general gamma-radiation;
and, in albino rats exposed for 10 days to 0.1Gy resulting in increased the levels of
T-lymphocytes, subpopulations of CD-4/CD-8, increased levels of B-lymphocyte,
IgA, IgM, and IgG, and the phagocytic index. Given the body of data reported to
date, larch-derived DHQ is a promising natural product that should be studied further for its radioprotective properties as a dietary supplement, especially given its
safety profile and GRAS-affirmed status.
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NOVEL THERAPEUTIC COMPOUNDS YEL001 AND
YEL002 MITIGATE RADIATION-INDUCED TOXICITY.

R. H. Schiestl1, 2, 3 and L. Rivina1. 1Environmental Health Sciences, University of
Califonia Los Angeles, Los Angeles, CA, 2Pathology, University of Califonia Los
Angeles, Los Angeles, CA and 3Radiation Oncology, University of Califonia Los
Angeles, Los Angeles, CA.
The possibility of a radiation disaster from a nuclear detonation or accident has existed for over 50 years and spawned much of the basic research in radiobiology in
the 1950-60s. The recent Fukushima accident was yet another reminder that there
remains a dire need to develop novel therapies against radiation-induced toxicities.
Here we report on the development of two novel radiation countermeasure therapies: Yel001 and Yel002. These small, biologically active, drug-like molecules were
uncovered in the DEL high throughput assay reducing radiation-induced cyto- and
geno-toxicity in yeast. Radiation-modulating activity was further confirmed in
yeast plate-based DEL Assay: addition of either Yel001 or Yel002 to irradiated cultures reduced cell death and genomic instability. Further, Yel compounds reduce
lethality to an average of 25% in vivo following an LD100/30 dose of ionizing radiation (IR) with the first therapeutic injection administered 24 hours post exposure followed by injections at 48,72,96, and 120 hours. Additionally, treatment
with Yel001 and Yel002 compounds reduces radiation-induced leukemia from 90%
to to 50% and 40% respectively. Of note, treatment with either Yel001 or Yel002
reduced spontaneous leukemia rate from 10% to 0%. Treatment with Yel002 following IR accelerates the recovery of the hematopoietic after sub-lethal exposures.
Toxicity has not been observed in neither in vitro or in vivo administrations.
Overall, Yel compounds have much potential as stockpile therapies for radiation-induced lethality and cancer: they are highly effective when administered up to
24hours post exposure, they reduce radiation-induce sequelae such as leukemia,
and appear to have an acceptable toxicity profile.
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ISMTR-283 PROTECTS HUMAN BONE MARROW
PROGENITORS FROM THE LETHAL EFFECTS OF
IONIZING RADIATION.

E. Clarke1 and A. Traynor-Kaplan2. 1ReachBio LLC, Seattle, WA and 2ISM
Therapeutics, Inc., Seattle, WA.
Bone marrow (BM), comprising stem and progenitor cells (CFC) as well as marrow
stromal/ mesenchymal cells (CFU-F), is extremely susceptible to radiation damage.
BM from matched donors is often used to “rescue” patients following medical radiation for leukemia. However, in the event of accidental/environmental radiation exposure, the ability to identify appropriate donors in a timely manner is rarely possible. We initially evaluated a small molecule compound (ISMTR-283) on human
CFC. BM cells were treated with 0.1 – 0.4 μM ISMTR-283 for 2 hours and then
subjected to 2 or 4 Gy ionizing radiation using a RS 2000 Biologic X-Ray Irradiator
(Rad Source). Cells were mixed with ColonyGel™ methylcellulose-based media to
support CFC growth and plated in 35 mm dishes (n=3), cultured for 14 days in a
humidified incubator and then scored microscopically. At 0.4 μM, ISMTR-283
demonstrated a protective effect of CFC proliferation following 2 Gy. Results
(mean +/- sd): No irradiation: 32 +/- 4 CFC; 2 Gy: 3 +/- 1 CFC; ISMTR-283 + 2
Gy: 27 +/- 4 CFC. The study was extended to evaluate the effect of ISMTR-283 on
CFU-F proliferation prior to and following radiation. BM cells were treated with
0.1 – 2 μM ISMTR-283 for 2 hours and then subjected to 2 or 4 Gy. Cells were
cultured for 12 days, fixed, stained and scored macroscopically. Results: No irradiation: 170 +/- 9 CFU-F; 2 Gy: 109 +/- 3 CFU-F; 4 Gy: 49 +/- 5 CFU-F; ISMTR
283 + 2 Gy: 138 +/- 4 CFU-F; ISMTR-238 + 4 Gy: 72 +/- 4 CFU-F. Additionally,
BM cells were subjected to 2 or 4 Gy and 24 hours later were treated with ISMTR283. When ISMTR-283 was added 24 hours following 4 Gy, all concentrations
demonstrated a protective effect on CFU-F proliferation. Results: 4 Gy: 16 +/- 2
CFU-F; ISMTR-283 + 4 Gy: 27 +/- 4 CFU-F. The data show that ISMTR-283 can
protect BM stem and progenitor cells from the lethal effects of ionizing radiation
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when administered prior to or following the insult and is a candidate for further development as a radioprotectant that can be used to support survival of victims of intense radiologic exposure.
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BIOLOGICAL ACTIVITY AND THE SURGING OF
BERING GLACIER.

J. A. White. Southern University A&M College, Baton Rouge, LA. Sponsor: W.
Gray.
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METAGENOMIC PROFILING OF ANTIBIOTIC
RESISTANCE DETERMINANTS IN PUGET SOUND:
IMPLICATIONS FOR ASSESSING HUMAN HEALTH
AND OCEANS IMPACTS.

J. A. Port, J. Wallace, W. C. Griffith and E. M. Faustman. Environmental and
Occupational Health Sciences, University of Washington, Seattle, WA.
Antibiotic overloading into the environment and the subsequent emergence and
transfer of antibiotic resistance genes poses both ecosystem and human health risks.
Traditional methods to quantify resistance genes in the environment rely on PCRbased approaches that target specific resistance genes and organisms. The rapid advancement of metagenomics in tandem with next generation sequencing technologies now allows for more high-throughput genomic approaches to environmental
public health monitoring and can provide community-level profiling of environmental resistance. This study is profiling the prevalence and distribution of antibiotic resistance determinants in bacterial communities in Puget Sound, WA.
Metagenomic DNA was collected at six sites in Puget Sound in addition to one
wastewater treatment plant (WWTP) that discharges into the Sound and pyrosequenced. A total of approximately 1.4 million sequence reads (~550 Mbp) were obtained and assembled. Bioinformatic analysis of antibiotic resistance determinants
was performed at the gene, protein motif and subsystem levels. Overall, the resistance profiles across the open Sound samples were similar. While known and previously cultured antibiotic resistance genes had a low prevalence in all samples, there
was a significant difference in the number of resistance genes across the open
Sound, nearshore and WWTP samples. The protein motif and subsystem analyses
showed further evidence of differential resistance determinant prevalence across the
three sample types. Taxonomic differences may be responsible for the variation in
resistance profiles, for example increased Actinobacteria in the WWTP sample.
Variability may also be a function of environmental or anthropogenic impacts. This
environmental metagenomic approach allows for a more high-throughput survey of
potential resistance determinants in natural environments that can be used to guide
initial public health monitoring and more targeted and functionally-based investigations.
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EXPOSURE TO ARSENIC AND FLUORIDE IN
CHIHUAHUA, MéXICO.

M. C. Ishida1, C. González-Horta1, J. Saunders2, D. Gutiérrez-Torres1, L.
Ballinas-Casarrubias1, B. Sánchez-Ramírez1, O. L. Zacarías1, J. Currier3, G.
García-Vargas4, Z. Drobna2, D. Loomis5, M. Styblo2 and L. M. Del Razo6.
1Universidad Autónoma de Chihuahua, Chihuahua, Mexico, 2Nutrition, University
of North Carolina at Chapel Hill, Chapel Hill, NC, 3University of North Carolina
at Chapel Hill, Chapel Hill, NC, 4Universidad Juárez del Estado de Durango,
Durango, Mexico, 5University of Nebraska Medical Center, Omaha, NE and
6Toxicology, Cinvestav-IPN, México City, Distrito Federal, Mexico.
Combined exposure to arsenic (As) and fluoride (F) are frequent because both these
minerals are known groundwater contaminants from geological sources. This study
focused on evaluation of the relationship between As and F in well-water and
human urine collected in Chihuahua, Mexico, where As exposure has been associated with adverse health effects. Notably, Chihuahua residents exposed to high As
concentrations are also exposed to high levels of F. Here, we analyzed associations
between As and F levels in urine of 600 study subjects who drink well water. The
concentration of As in water was determined by hydride generation (HG)-atomic
fluorescence spectrometry and As species in urine were analyze by HG-cryotrapping-atomic absorption spectrometry. The concentrations of F in water and urine
were measured by potentiometry, using a selective fluoride-ion electrode. The As
concentrations in water and urine ranged from 0.1 to 419 μg/L and 5 to 426 μg/L,
respectively. The concentrations of F ranged from 0.01-9.9 mg/L in water and from
0.06 to 18.08 mg/L in urine. A positive significant correlation between urinary As
and water As (r=2000; p<0.0001), and between urinary F and water F (r=0.0878;
p=0.035) were obtained. Moreover, a statistically significant positive correlation
was found between As and F concentrations in well water (r=0.8212; p<0.0001)
but lower relationship between sum of As species and F level in urine (r=0.1675,
p<0.0001), suggesting that sources other than drinking water may contribute to As
or F exposure in this population. Further examination will focus on associations between the exposures to As and F and disease (diabetes and skin lesion) prevalence in
the Chihuahua group.
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The Bering Glacier field program typically starts in early June and runs through the
end of August. The field camp is located near the base of the glacier on Vitus Lake,
on a former terminal moraine. The Bering Glacier System is a unique natural laboratory wherein continued investigations will provide many new answers to questions ranging from impacts of glacier dynamics, to ecosystem evolution, to changing climate. Over the past several years, students and faculty from Southern in
collaboration with research teams from Michigan Tech Research Institute, have
been using this field laboratory to investigate the cause and effect relationships of
glacier dynamics on the local ecosystem. The specific objective of the 2011 voyage
was to obtain real time data on Bering Glacier land cover, Bering Glacier terminus
characterization; and Vitus Lake turbidity mapping. The specific task for our group
was to determine the degree of movement and behavior of the glaciers at Vitus Lake
since our last visit in 2008. We have been mapping terminus retreat using remote
sensing images and we have determined that the terminus is retreating approximately 0.38 km per year. The data obtained from the 2011 voyage will be used to
provide a more precise picture of surging in this region of the Bering Glacier.
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COMPARATIVE INHALATION TOXICITY OF ORGANIC
NANOPARTICLES AND LARGER PARTICLES OF THE
SAME CHEMICAL IDENTITY.

K. Wiench3, L. Ma-Hock1, V. Strauss1, M. Rey Moreno1, W. Wohlleben2, 1, B.
van Ravenzwaay1 and R. Landsiedel1. 1Experimental Toxicology and Ecology, BASF
SE, Ludwigshafen am Rhein, Germany, 2Polymer Physics, BASF SE, Ludwigshafen
am Rhein, Germany and 3Product Safety, BASF SE, Ludwigshafen am Rhein,
Germany.
Several anorganic nanoparticles (NP) causedhigher inhalation toxicity than the corresponding coarse particles (Oberdoerster et al. 2005). We examined an organic
pigment and a polymer dispersion each as nanomaterial and as the chemical identical coarse material in short-term inhalation studies in malerats.
The polymer was an anionic acrylic ester copolymer containing free carboxylic
groups. Three different particle sizes were synthesized by varying polymerization
conditions: 12, 80 or 250 nm. Although polymeric acrylic ester was reported to be
irritating to the respiratory tract at 3 mg/m3, all three tested polymers - including
the NP (12 and 80 nm) - did not cause any changes in lavage fluid and in
histopathology at 10 mg/m3.
The organic pigment was a poorly soluble pyrrol with an intense orange color. The
NP (10 to 50 nm width and 30 to 400 nm length) and the coarse pigments (70 to
200 nm width and 0.3 to 3 μm length) are both needle-like. They were tested at 1,
3, 10 and 30 mg/m3 for the NP and 3, 10 and 30 mg/m3 for the coarse materials.
Mild and partly reversible morphological changes were observed in lung and lymph
nodes at the highest concentrations, but the more pronounced effect were found in
rats exposed to the coarse material. Likewise there was an increase of lavage parameters in rats exposed to thecoarse material but not to the NP.
These data demonstrate that inhalation of finer NP is not necessarily associated
with higher toxicity compared to the coarse material. The results were obtained
with two organic particles of rather different size and composition but are in contrast to the more severe effects seen with several anorganic NP when compared to
the corresponding coarse particles.
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HUMAN EXPOSURE TO ROADWAY TRAFFIC
PARTICLES PRODUCES RESPIRATORY OXIDATIVE
STRESS.

H. M. Kipen1, 2, R. J. Laumbach1, 2, Z. Fan1, 2, P. Ohman-Strickland1, 3, K.
Kelly-McNeil1, 2, S. Ko1, 2, C. Cepeda1, 2 and A. Gow1, 4. 1Environmental &
Occupational Health Sciences Institute (EOHSI), Piscataway, NJ, 2University of
Medicine and Dentistry of New Jersey, Robert Wood Johnson Medical School,
Piscataway, NJ, 3University of Medicine and Dentistry of New Jersey-School of Public
Health, Piscataway, NJ and 4School of Pharmacy, Rutgers University, Piscataway, NJ.
Rationale: Epidemiologic studies show that cardiorespiratory events, including MI,
occur within minutes to hours of roadway traffic-related air pollution (TRAP) increases. Induction of oxidative stress is a commonly invoked mechanism, but there
is little direct human evidence of acute increases in oxidative stress following TRAP

exposure. We hypothesized that acute exposure to traffic particles increases nitrite
and nitrate in exhaled breath condensate (EBC) and that the effect will be dependent on the level of reactive oxygen species (ROS) and oxidative potential (OP) in
the inhaled particles. Methods: 20 healthy subjects volunteered for a fasting, 2-hr,
double-blind, randomized cross-over protocol to ride in rush hour on the NJ
Turnpike while breathing either unfiltered or HEPA-filtered vehicle cabin air (FA)
delivered by a powered air-purifying respirator. Particle count and mass concentrations were measured inside and outside of the respirator. EBC was collected before,
immediately after, and 6 and 24 hours after each ride. NO2-/NO3- were analyzed
on a nitric oxide analyzer via chemiluminescence. Results: Compared with FA,
NO2- and NO3- increased significantly by 31% and 104% respectively, immediately after the ride (p=0.02 and p=0.035), with no persistence at 6h or 24h post exposure. Ongoing analyses will determine the levels of ROS and OP in the TRAP.
Conclusions: In a carefully controlled experiment that accounts for stress and individual susceptibility, we have shown that acute exposure to TRAP causes a significant increase in markers of pulmonary oxidative stress, dependent on the particle
component of the pollution. These effects were independent of nitrogen oxide inhalation and document that TRAP particles cause oxidative stress in the respiratory
tract, a possible mediator of health effects from air pollution.
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IMBALANCE OF THE RENIN-ANGIOTENSIN AND
KALLIKREIN-KININ- SYSTEMS GENE EXPRESSION IN
LUNG AND HEART, ITS ASSOCIATION WITH HEART
GENE REPROGRAMMING, AFTER EXPOSURE TO
PARTICULATE MATTER.

O. Aztzatzi-Aguilar1, M. Uribe-Ramirez1, J. Olivares-Reyes2, M. Kleinman3, O.
Barbier1 and A. De Vizcaya-Ruiz1. 1Toxicology, Cinvestav-IPN, Mexico City, Mexico,
2Biochemistry, Cinvestav-IPN, Mexico City, Mexico and 3Department of Medicine,
University of California Irvine, Irvine, CA.
Cardiovascular diseases have been associated with situations in which enhanced activity of renin-angiotensin system (RAS) overrides cardioprotective effects of
kallikrein-kinin system (KKS). The lung is the target organ of exposure to airborne
particulates (PM), and it is where angiotensin is activated and bradikinin deactivated, modulating homeostasis of the cardiovascular system. By using RT-PCR we
examined changes in the induction of lung and heart RNAm angiotensin type 1
(AT1R) and 2 (AT2R) receptors, angiotensin converting enzyme (ACE), bradikinin
type 1 (B1R) and 2 (B2R) receptors and kallikrein (KLK1), and how they may mediate expression of heart gene reprogramming markers like α-skeletal actin (Acta1)
and procolagen-III (Col3a1). Male Sprague-Dawley rats were exposed acutely - 3
days and subchronically - 8 weeks to coarse (C), fine (F) and ultrafine (UF) particles and filtered air, with an inertial particle separator (VACES). We observed increased expression of AT1R, AT2R and KLK1 in the lung after acute exposure to F,
and AT1R, B2R and ACE to UF. Subchronic exposures to F and UF increased the
expression of AT1R without KKS changes. Acute exposure did not induce heart
gene reprogramming, although induction of: B1R after C, F and UF exposures,
KLK1 after F and UF exposures, AT1R after F exposures, and ACE after C and UF
exposures, were observed. After subchronic exposures, heart gene reprogramming
was observed, expression of Col3a1 and Acta1, in F and UF with an up-regulation
of AT1R and a down-regulation of AT2R with UF, and the induction of KLK1
with F exposures. Overexpression of RAS components accompanied by a reduced
expression of KKS in the lung and heart after exposure to F and UF suggests heart
gene reprogramming modulated by AT1R, thus its over-expression may be an important mechanism to explain some cardiovascular system adverse effects of PM exposure.

more gentle washing using pressure differential. In this study, we collected the BAL
fluid (BALF), using two different methods [1) injection/suction (Manual) and 2)
differential pressure retrieval (Pressure)], from cigarette smoke-exposed rats and
mice. The goals were; 1) to standardize and assess if there is qualitative/quantitative
difference between the two methods and 2) to evaluate the inflammatory parameters between rats and mice following subacute cigarette smoke exposure. Animals
were exposed up to 1000 ug/L WTPM, varying daily exposure duration, for 5 wk
(6-10 animals/group). A total of 6 washing was performed and for both methods,
the 1st and (2nd to 6th) BALF were separately collected. The supernatant from the
1st wash was analyzed for LDH, GGT, and ALP, while all 6 washes were used for
total cell counts and differential. In control, the BALF parameters and their variability were overall comparable between the methods. The smoke-exposed animals
had increased neutrophils and lymphocytes above the control, which tended to be
retrieved slightly higher by the Manual method. Interestingly, the relative retrieval
of different leukocytes between 1st and (2nd to 6th) wash varied between the methods. In smoke-exposed rats, all BALF enzymes increased in a dose-related manner,
while only LDH increased in mice. While both methods under the employed condition were acceptable for BAL cell and enzyme parameters, a consistent use of a selected method is recommended to minimize variability.
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A. DiLorenzo, M. Hernandez, B. Soares, S. Choi and P. Rivera. Biology &
Molecular Biology, Montclair State University, Montclair, NJ. Sponsor: C. Tong.
Particulate matter (PM) is described as a mixture of solid and liquid droplets found
in the air. Composition and size of PM can be made up of many elements (organic
chemicals, acids, metals, solid, and dust particles) and the size of particles (<10μm)
has been directly linked to their potential for causing health problems. In this study,
attempts were made to define the parameters by which World Trade Center (WTC)
dust, in conjunction with pH, induces cellular degradation. Cytotoxic and genotoxic studies were performed to evaluate the effects that World Trade Center dust
may have on human pulmonary fibroblasts.
Previous studies have indicated that MRC-5 and WI-38 human fibroblasts undergo
apoptosis logarithmically with increased WTC dust exposure. The underlying factors that produced these findings are thought to be the synergistic effect of the additive components found within the dust sample. This study sought to isolate a single factor among many, which is thought to play a substantial role in the decreased
lung function of WTC workers as well as victims. The pH of the Market Street,
NYC collected WTC dust sample was measured at approximately 9.3. It is proposed that this caustic alkaline dust may be a significant contributing factor to the
respiratory illnesses experienced by the WTC workers, residents of the area, and
those who helped clean up the tragic fallout.
By evaluating Cellular Membrane Integrity via Lactate Dehydrogenase (LDH) release along with pH fluctuations, the assay was able to demonstrate experimentally
how increased dust exposure inhibits normal cellular function. This increased cellular degradation is thought to be due to the high pH (9.3) of the WTC dust.
Experimental increase in CO2 levels were seen to help to mitigate the alkaline effects in culture and showed evidence of decreased proliferation and increased toxicity and apoptosis. By controlling and measuring pH fluctuations, a better understanding of the environmental cellular response to WTC dust was obtained.
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COMPARISON OF PULMONARY INFLAMMATORY
MARKERS FROM DIFFERENT BALF RETRIEVAL
METHODS IN CIGARETTE SMOKE-EXPOSED RATS
AND MICE.

A. Iwanaga1, H. Tsuji1, S. Onami1, H. Fujimoto1, T. Nishino1, M. K. Lee2 and
H. Yoshimura1. 1Product Science Division R&D Group, Japan Tobacco, Inc.,
Yokohama, Kanagawa, Japan and 2Scientific and Regulatory Affairs, Japan Tobacco
International S.A., Geneva, Switzerland.
Bronchoalveolar lavage (BAL) procedures are commonly used to evaluate pulmonary inflammation in animal inhalation studies. There is a wide variability in
BAL procedures and their reported values (e.g., differences in total cell counts in
control), which cast uncertainty in comparing data from different studies. Many researchers use varying procedures of manual injection/suction, while others prefer

STUDY OF PH AND GENOTOXICITY ON PULMONARY
FIBROBLASTS AFTER EXPOSURE TO 9-11 WORLD
TRADE CENTER PARTICULATE MATTER.

ANALYSES OF BIODIESEL AND PETROLEUM DIESEL
EXHAUST PARTICLE EXTRACT AND THE EFFECT ON
ENDOTHELIAL CELL TOXICITY AND ANTIOXIDANT
RESPONSE.

L. Bhavaraju1, M. Madden2, U. Kodavanti2, T. Kormos2, J. Pleil2, A. Williams3
and R. McCormick3. 1Toxicology, University of North Carolina at Chapel Hill,
Chapel Hill, NC, 2US EPA, Chapel Hill, NC and 3National Renewal Energy
Laboratory, Golden, CO.
Biodiesel (BD) is a renewable energy source and is readily substituted in diesel engines. Biodiesel combustion emissions contain less CO, PAH’s, aldehydes, and particulate matter (PM) concentrations relative to petroleum diesel (PD) emissions.
BD is available commercially as a blend with PD for use in on-road diesel engines,
commonly as 20% BD (B20). Using soy based pure BD (B100), B20 and pure PD
(B0) exhaust PM we analyzed the soluble organic extract (water, DMSO, hexane)
for evidence of unique combustion components. We have identified B20 PM extract (in DMSO) to contain more non-polar components than B100 by HPLCPDA. Further analysis of the PM provided details on the presence of fatty acids in
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soluble particle extract. Longer carbon chain fatty acids are present in the B20 while
shorter carbon chains are detectable in the B0 extract. Aldehydes were identified in
the B0, B20 and B100 PM. The cytotoxicity of the extracts were examined using
LDH release and trypan blue dye uptake in an endothelial cell line (EA hy926) exposed for 6-24 hr to extracted PM. The data suggested B100 is more toxic than the
B20 and the B0 extracts in a dose dependent manner. Gene expression of the antioxidants superoxide dismutase (SOD-1), NADPH oxidase 4 and heme oxygenase-1 (HO-1) were examined relative to vehicle control exposed cells. B0
(10ug/mL), B20 (10ug/mL), and B100 (10ug/mL) exposure induced HO-1 expression increases greater than 1.5fold, no significance detected. NADPH oxidase4 expression increased two fold in B0 (10ug/mL), B20 (10ug/mL) and B100
(10ug/mL). SOD-1 gene expression increased 2.0-fold with B20 exposure
(100ug/mL) and 1.4 fold with B0 (100ug/mL). The current data suggests BD, BD
blends, and PD extracts induce alterations in endothelial cell antioxidant responses.
[This is an abstract of a proposed presentation and may not necessarily reflect official US EPA Policy.]
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A NOVEL HYPOXIA STRESS TEST DEMONSTRATES
CARDIOVASCULAR AND PULMONARY
SUSCEPTIBILITY TO ACROLEIN GAS IN
HYPERTENSIVE RATS.

C. M. Perez1, A. D. Ledbetter2, M. S. Hazari2, N. Haykal-Coates2, A. P. Carll1,
D. W. Winsett2, D. L. Costa3 and A. K. Farraj2. 1University of North Carolina at
Chapel Hill, Chapel Hill, NC, 2Environmental Public Health Division, US EPA,
Research Triangle Park, NC and 3Office of Research and Development, US EPA,
Research Triangle Park, NC.
High levels of air pollution increase the risk of cardiovascular morbidity and mortality, especially in susceptible populations including those with hypertension.
Stress tests are useful for manifesting latent effects of exposure, particularly at low
concentrations, often when no overt effects are evident. The goal of this study was
to develop a hypoxia stress test to illuminate susceptibility to environmental pollutants in a rodent model of hypertension. We hypothesized that acrolein exposure
would increase sensitivity to hypoxia, particularly in hypertensive rats. Acrolein is
an unsaturated aldehyde found in diesel exhaust and is a known environmental toxicant and potent pulmonary irritant. Spontaneously hypertensive (SH) and Wistar
Kyoto (WKY; rats with normal blood pressure) rats, implanted with biopotential
radiotelemetry transmitters were exposed once for 3 hours to 3 parts per million
acrolein gas or filtered air (control) in whole body plethysmograph chambers and
then challenged with a hypoxic environment (PO2 = 10% for 10 minutes) 24 hours
later. Cardiovascular (ECG, HR, blood pressure) and ventilatory (breathing frequency, tidal volume, minute volume, inspiratory time, and expiratory time) parameters were monitored during both acrolein and hypoxia exposures. Hypoxia
challenge caused a transient increase in heart rate, breathing frequency and minute
volume while causing decreases in inspiratory and expiratory times in both exposure groups. Preliminary assessments, however, indicate that acrolein exposure
modified the cardiopulmonary response to hypoxia challenge in SH, but not WKY
rats, suggesting that hypertension predisposes to the adverse health effects of air
pollution exposure. Blood pressure, ECG, and heart rate variability are currently
being analyzed (This abstract does not reflect EPA policy).
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EFFECTS OF HIGH-FRUCTOSE DIET ON NASAL
EPITHELIAL AND INFLAMMATORY RESPONSES TO
INHALED OZONE AND AMBIENT FINE PARTICLES IN
RATS.

I. P. Hotchkiss1, 3, K. Allen1, 3, J. G. Wagner1, 3, M. Morishita2, 3, R. P.
Lewandowski1, 3, L. A. Bramble1, 3, J. T. Dvonch2, 3 and J. R. Harkema1, 3.
1Pathobiology, Michigan State University, East Lansing, MI, 2School of Public
Health, University of Michigan, Ann Arbor, MI and 3US EPA Great Lakes Air
Center for Integrative Environmental Research, East Lansing, MI.
INTRODUCTION: People with diet-induced metabolic diseases, such as obesity
and diabetes, may be susceptible to the health effects of air pollutants. The present
study was designed to compare the nasal toxicity caused by ambient air pollutant
exposures in rats fed a normal or high-fructose diet (ND and HFD, respectively)
for 10 weeks. METHODS: Repeated inhalation exposures of male Sprague Dawley
rats to ozone (O3; 0.5 ppm) and/or concentrated ambient fine particles (CAPs, 400
μg/m3) were conducted in a mobile air research laboratory located in an industrial
area of Dearborn, MI during the summer 2011. Rats were exposed for 9 days, 8
h/day (4-5 days/week). All rats were sacrificed 24 h after the last exposure. Nasal tis-
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sues were processed for light microscopic examination and morphometric analysis.
RESULTS: ND and HFD rats exposed to O3 or O3/CAPs, but not control ND
rats exposed to filtered air alone, had an acute rhinitis with marked hyperplasia of
nasal epithelium (NE). HFD rats, but not ND rats, exposed to CAPs also had an
acute rhinitis but no epithelial hyperplasia. The severity of the inflammatory cell response (numeric density of neutrophils) was not different among the rats with
rhinitis. Of all the air pollutant-exposed groups, the HFD rats coexposed to
O3/CAPs had the greatest numeric cell density of NE (54, 45, 12 and 12% greater
than CAPs-exposed HFD, air-exposed HFD, O3/CAPs-exposed ND, and O3-exposed HFD rats, respectively). Though we have previously reported that repeated
O3 exposure will cause rhinitis with nasal epithelial hyperplasia, this is the first report of a diet-related enhancement of air pollutant-induced nasal toxicity.
Underlying mechanisms responsible for HFD enhancement of O3- and/or CAPsinduced nasal epithelial or inflammatory lesions are yet to be determined. Funded
by USEPA RD83479701.
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ONE VERSUS FIVE DAYS OF EXPOSURE TO VARYING
CONCENTRATIONS OF B100 SOYA BIODIESEL
EXHAUST REVEALS A THRESHOLD
CONCENTRATION FOR INCREASED SENSITIVITY TO
ACONITINE-INDUCED ARRHYTHMIA.

D. Winsett, T. Krantz, C. King, D. L. Costa, A. K. Farraj and M. S. Hazari.
Environmental Public Health Division, Environmental Protection Agency, Research
Triangle Park, NC.
Although biodiesel (BD) is rapidly being considered as an alternative to diesel fuel,
its health effects have not been thoroughly characterized. We previously used the
aconitine challenge test to demonstrate that a single exposure to petroleum diesel
exhaust (DE) increases the risk of arrhythmia being triggered in hypertensive rats.
Here we hypothesized that inhalation of biodiesel exhaust (BDE) increases the risk
of arrhythmia, particularly with repeated exposures. Spontaneously hypertensive
rats surgically implanted with radiotelemeters were exposed for one or five days to
50, 150 or 500 ug/m3 of B100 soya BDE or filtered air (FA) (4 hours).
Arrhythmogenesis was assessed 24hrs after the last exposure in urethane-anesthetized animals by continuous intravenous infusion of aconitine while heart rate
(HR) and electrocardiogram (ECG) were monitored. Rats exposed to BDE had
lower HR when compared to air-exposed animals but no ECG changes when compared to controls. Sensitivity to arrhythmia was measured as the threshold dose of
aconitine required to produce ventricular premature beats (VPB), ventricular
tachycardia (VT), and ventricular fibrillation (VF). There was no effect of 50
ug/m3 BDE. Rats exposed to five days of 150 ug/m3 BDE successively developed
VPB’s, VT, and VF at significantly lower doses of aconitine than FA, however a single exposure had no effect. Both one and five days of 500 ug/m3 BDE significantly,
and comparably, increased sensitivity to aconitine-induced arrhythmia when compared to FA. These findings suggest that below a certain concentration, exposure to
BDE does not increase arrhythmogenic sensitivity. Furthermore, given the effects of
500 ug/m3 BDE were still lower than 150 ug/m3 DE, BDE might be a safer alternative, particularly if exhaust levels are kept below a certain threshold concentration. (This abstract does not reflect EPA policy.)
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OZONE AND TOBACCO SMOKE EXPOSURES DO NOT
PRODUCE SYNERGISTIC TOXICITY AND
ANTIOXIDANT ACTIVITY IN RAT LUNGS.

S. Han1, V. Bhoopalan2 and D. K. Bhalla2. 1Animal and Food Sciences, University
of Kentucky, Lexington, KY and 2Pharmaceutical Sciences, Wayne State University,
Detroit, MI.
Ozone (O3), and tobacco smoke (TS) are pulmonary irritants and known risk factors in the development of chronic lung disease. This study was performed to determine if sequential exposures of rats to O3 and TS will produce lung injury
greater than that produced by either pollutant. Adult Sprague Dawley (SD) male
rats were exposed for a single 3 hr period to 1) Air (control), 2) O3 or 3) O3 followed by TS (O3/TS). At 12 hrs post-exposure, bronchoalveolar lavage (BAL) was
performed, and lung tissues were isolated. These samples from the controls and exposure groups were analyzed for lung injury, airway permeability and antioxidant
activity. Data revealed a significant increase in total antioxidant capacity in the BAL
in the O3 group compared to that in the control, showing a development of a protective mechanism for oxidative stress damage from O3. A subsequent exposure to
TS attenuated the levels of total antioxidant capacity, but the reduction was not statistically significant in comparison to that after O3-alone exposure. A significant in-

crease in BAL albumin in O3 group compared to that in the control was observed,
and a subsequent non-significant reduction was similar to that in total antioxidant
levels in the O3/TS group. Lung tissue protein analysis further showed a significant
reduction of extracellular superoxide dismutase (EC-SOD) and catalase in the O3
and O3/TS groups compared to the control levels, but their expression was not significantly different between O3 and O3/TS groups. None of the exposures produced any effect on the expression of manganese-SOD or copper/zinc-SOD.
Overall, the results show that the increase in total antioxidants after O3 exposure
does not block airway injury/permeability. Sequential exposures to O3 and TS decrease some antioxidant enzymes, suggesting limited cross-tolerance following such
exposures. The results do not support synergistic toxic effects predicted for O3 and
TS. Supported in part by funding from OVPR-WSU.
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TRANSCRIPTOMICS ANALYSIS OF LUNGS AND
PERIPHERAL BLOOD OF SILICA-EXPOSED RATS.

R. Sellamuthu, C. Umbright, J. Roberts, R. Chapman, S. Young, D.
Richardson, J. Cumpston, W. McKinney, B. Chen, D. Frazer, S. Li, M.
Kashon and P. Joseph. National Institute for Occupational Safety and Health
(NIOSH), Morgantown, WV.
Non-invasive or minimally invasive surrogate approaches to detect/predict target
organ toxicity have significant practical applications in occupational toxicology.
Presently, using a rat model, we have investigated the potential application of peripheral blood transcriptomics as a practical approach to determine silica-induced
pulmonary toxicity. Rats were exposed to crystalline silica (15 mg/m3, 6-hours/day,
5 days/week). Pulmonary toxicity and global gene expression profiles of lungs and
peripheral blood were determined in the control and silica exposed rats 32-weeks
post-exposure period. A significant elevation in bronchoalveolar lavage fluid LDH
activity and moderate histological changes in the lungs, including type II pneumocyte hyperplasia, indicated silica-induced pulmonary toxicity in the rats. Similarly,
significant infiltration of neutrophils and elevated MCP1 activity in the lungs suggested silica-induced pulmonary inflammation in the rats. Microarray analysis of
global gene expression profiles identified significant differential expression (>1.5
fold change and FDR p<0.001) of 520 and 537 genes, respectively, in the lungs and
blood of the silica exposed rats. Bioinformatics analysis of the differentially expressed genes demonstrated significant similarity in the biological processes, molecular networks, and canonical pathways enriched by silica exposure in the lungs and
blood of the rats. Several genes involved in functions relevant to silica-induced pulmonary toxicity such as inflammation, cancer, oxidative stress, fibrosis, etc, were
found significantly differentially expressed in the lungs and blood of the silica exposed rats. The results of this study, in addition to providing molecular insights
into the mechanisms underlying silica-induced pulmonary toxicity, further confirm
the potential application of peripheral blood gene expression profiling as a toxicologically relevant, minimally invasive surrogate approach to study silica-induced
pulmonary toxicity.
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EXPOSURES TO EMISSIONS FROM COMBUSTION OF
BIODIESEL FUELS (B100/B20) ELICIT DIFFERENTIAL
RESPONSES IN REDOX-SENSITIVE PATHWAYS.

B. C. Palmer1, S. H. Gavett3, M. Li1, E. H. Boykin3, M. J. Daniels3, R. H.
Jaskot3, Q. Krantz3, C. King3, M. Gilmour3, B. A. Holmén2 and N. K.
Fukagawa1. 1Medicine, University of Vermont, Burlington, VT, 2Civil and
Environmental Engineering, University of Vermont, Burlington, VT and 3EPHD,
NHEERL, US EPA, Research Triangle Park, NC.
Exposure to airborne particulate matter (PM) is associated with higher risk for cardiopulmonary diseases but mechanisms for the effects remain unknown.
Combustion of biodiesel fuels (BD) is associated with lower emission of PM but
the health consequences of exposure to exhaust from combustion of pure soy BD
(B100) or a 20% (w/w) blend (B20) is unclear. To examine the in vivo responses to
inhalation of exhaust generated by B100 and B20 combustion, ApoE-deficient
mice were exposed by inhalation to B100 or B20 PM at 0, 50 or 150 μg/m3 (n = 810/group), 4 h/day for 3-days. Mice were sacrificed ~ 24 h after the last exposure
and blood, tissue, and bronchoalveolar lavage fluid (BAL) were obtained. Total cell
and differential counts as well as protein and LDH concentrations in blood and
BAL were not affected by exposure to either exhaust. However, Western blots of
lung homogenates revealed higher plasminogen activator inhibitor-1 (PAI-1), catalytic subunit of glutamate-cysteine ligase (GCLC), the transcription factor NFE2-related factor 2 (Nrf2) and protein carbonyls in mice exposed to 50 μg/m3
B100 in comparison with mice exposed to filtered air or 150 μg/m3. No significant
differences were found in any of these parameters in the B20-exposed mice. These
data suggest that short-term exposure to the lower dose of B100 exhaust was associated with oxidative stress (protein carbonyls) and consequent activation of redoxsensitive pathways (Nrf2 and GCLC) and that PAI-1 may contribute to lung injury

and risk for thrombosis. It would be important to determine the relative contribution of pure BD versus the presence of petrodiesel in the B20 blend in producing
the differential responses, both of which would affect particle size and composition.
(This abstract does not represent US EPA policy).
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BIOINFORMATICS OF GENE EXPRESSION PROFILING
DATA PROVIDE MECHANISTIC UNDERSTANDING OF
ACUTE OZONE-INDUCED LUNG INJURY.

W. O. Ward1, A. D. Ledbetter2, M. C. Schladweiler2 and U. Kodavanti2. 1RCU,
NHEERL, US EPA, Research Triangle Park, NC and 2EPHD, NHEERL, US EPA,
Research Triangle Park, NC.
Acute ozone-induced pulmonary injury and inflammation are well characterized. A
few studies have used gene expression profiling to determine the types of changes
induced by ozone; however the pathways involved are less well understood. We presumed that robust bioinformatics of the transcriptional data will allow us to better
understand mechanisms of pulmonary injury caused by acute ozone exposure. Male
Wistar Kyoto rats (10-12 wk) were exposed to air, or ozone (0.25, 0.5 or 1.0 ppm)
and pulmonary injury and inflammation were assessed 4 and 20 h later and lung
gene expression profiling was assessed 4 h later (air and 1.0 ppm ozone). At 20 h
BAL fluid protein and neutrophils increased at 1 ppm ozone. Numerous genes involved in acute inflammatory response were upregulated along with changes in
genes regulating processes such as cell adhesion and migration, steroid metabolism,
apoptosis, cell cycle control and cell growth. The NFκB (Rela), SP1 and TP3 transcription factors were identified to be mediating activation of genes for these
processes. Upstream signaling involving ErbB, toll-like receptors, Wnt, TGF-β,
NOD-like receptor and others were predicted based on downstream changes in expression. Because many of these genes regulating various inflammatory and repair
processes are also involved in cancer, this pathway was also identified as being significantly changed by ozone. Remarkable changes in genes regulating endocytosis
and glucocorticoid receptor activities (as evident by KEGG pathway analysis) provide the insight that ozone-induced injury might be initiated from cell membrane
alterations and oxidatively modified lung lining lipids and proteins. Thus, gene expression profiling data could predict mechanisms of ozone-induced lung injury.
Different cellular processes such as endocytosis, cell signaling, and transcription
factors activation leading to cytokines release, cell migration, apoptosis, and growth
could orchestrate the inflammatory and repair processes in the lung. (Does not reflect the US EPA policy).
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METABOLIC CHANGES FROM HIGH-FRUCTOSE
FEEDING ARE ALTERED BY AIR POLLUTANT
EXPOSURE.

K. Allen1, 2, A. K. Kopec3, T. R. Zacharewski3, J. G. Wagner1, 2, M. Morishita1,
T. Dvonch1, 4 and J. R. Harkema1, 2. 1Great Lakes Air Center for Integrative
Environmental Research, Michigan State University, East Lansing, MI, 2Pathobiology,
Michigan State University, East Lansing, MI, 3Biochemistry, Michigan State
University, East Lansing, MI and 4School of Public Health, University of Michigan,
Ann Arbor, MI.
4,

People with diet-induced metabolic maladies may be more susceptible to the adverse effects of air pollution (AP). The present study evaluated the effect of AP on
facets of diet-induced metabolic dysfunction. Mature male Sprague Dawley rats
were fed normal chow (NC) or a high fructose diet (HF) for 8 weeks prior to and
during AP exposure. Inhalation exposures to ozone (O3; 0.5 ppm) and/or concentrated ambient fine particles (CAPs, 400 μg/m3) were conducted in a mobile air research laboratory located in an industrial area of Dearborn, MI during summer
2011. Rats were exposed for 9 days, 8 h/day (4-5 days/week). Rats were sacrificed
24h after the end of exposure. Prior to sacrifice, blood was collected for homeostatic model assessment–insulin resistance (HOMA-IR) analysis. At necropsy, hepatic
tissues were collected for light microscopy and gene expression analyses using qRTPCR and whole-genome arrays. Though HF feeding did not induce obesity,
HOMA-IR was increased concurrent with periportal steatosis. HF-induced gene
expression of stearoyl-Coenzyme A desaturase (Scd1) was potentiated after exposure to O3, CAPs and O3/CAPs (~21-fold) relative to filtered air/HF group (~14fold). Scd1 expression was repressed by O3 (~3.4-fold) and O3/CAPs (~2.5-fold)
in rats fed NC. Low density lipoprotein receptor (Ldlr) was also induced in HF-fed
rats that were exposed to O3 and O3/CAPs (~1.6-fold) compared to filtered air-exposed NC and HF rats. In contrast, HF feeding caused a significant decrease in
phosphoenolpyruvate carboxykinase 1 (Pck1), suggesting inhibition of gluconeogenesis. Furthermore, CAPs exposure down-regulated Pck1 in NC-fed rats (~1.7fold) and further suppressed Pck1 on a HF diet (~6-fold). Collectively, these data
suggest that acute AP exposure may exacerbate facets of the metabolic syndrome.
Funded by USAEPA RD83479701.
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SURFACTANT PROTEIN-D (SPD) REGULATES OZONEINDUCED INFLAMMATION, MACROPHAGE
PHENOTYPE, AND LUNG FUNCTION IN ELDERLY
MICE.

A. M. Groves1, A. J. Gow1, J. D. Laskin2 and D. L. Laskin1. 1Rutgers University,
Piscataway, NJ and 2University of Medicine and Dentistry New Jersey, RWJ Medical
School, Piscataway, NJ.
SPD is a collectin important in limiting pulmonary inflammatory responses. SPD/- mice develop progressive lung pathology culminating in emphysema.
Epidemiological data indicate that older individuals with emphysema are hypersensitive to ozone (O3). Mechanisms underlying this response were analyzed using
SPD-/- mice. Age-related increases in lung MPs were observed in SPD-/- but not
WT mice. This correlated with structural alterations suggestive of chronic inflammation and emphysema. O3 inhalation (0.8 ppm, 3 hr) resulted in increases in
lung MPs in young (8 wk), but not old (80 wk) WT and SPD-/- mice. Activated
MPs have been implicated in pulmonary disease pathogenesis; however, their role
depends on their phenotype. Two groups are classically activated cytotoxic/proinflammatory iNOS+ MPs (CAM) and alternatively activated antiinflammatory/profibrotic YM-1+ MPs (AAM). In old WT mice, O3 inhalation increased AAM after 72 hr. Increases in AAM were also observed in lungs of air
exposed young SPD-/- mice, while in old SPD-/- mice, both CAM and AAM were
present. Whereas in young SP-D-/- mice, O3 caused increases in CAM, with no
change AAM, in old SPD-/- mice, AAM increased and CAM decreased. We next
determined if these changes were associated with alterations in lung functioning.
Age-related increases in resistance (Rn) and decreases in tissue damping (G) were
observed in WT and SPD-/- mice, indicating effects on airways and parenchyma.
In young, but not old WT and SPD-/- mice, O3 inhalation altered central airway
mechanics, as shown by increased responsiveness of Rn to recruitment, but not G.
Additionally, alterations in tissue mechanics were observed in old SPD-/- but not
WT mice after O3, suggesting that SPD is important in maintaining lung resistive
properties. These results indicate that SPD regulates MP phenotype during inflammatory responses of the elderly to inhaled irritants; moreover this leads to increased
susceptibility to lung functional alterations. NIH ES004738, GM034310,
CA132624, AR055073, HL074115, ES005022.
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M. A. Ha1, B. Liu2, S. Jordt2 and J. B. Morris1. 1Toxicology Program, University of
Connecticut, Storrs, CT and 2Department of Pharmacology, Yale University School of
Medicine, New Haven, CT.
Stimulation of chemosensory nerves in the respiratory tract results in irritation responses which in humans can include the sensation of tickling or pain and the urge
to cough. In mice stimulation of trigeminal chemosensory nerves results in reduced
breathing frequencies due to extension of the duration of braking (DB) at the onset
of each expiration. L-menthol, the cooling terpene in peppermint, has analgesic
properties and may inhibit respiratory irritation in smokers of mentholated cigarettes. L-menthol activates the cold/menthol receptor, Transient Receptor Potential
Melastatin 8 (TRPM8) and other sensory TRP ion channels, such as TRPA1 or
TRPV3.
Using female C57Bl/6J mouse as the experimental model, the DB response was
measured during exposure to L-menthol (6, 12, 18 or 32 ppm) in combination
with either 2 ppm acrolein or 1500 ppm cyclohexanone, two cigarette smoke irritants. Whereas acrolein is an agonist of the irritant receptor, TRPA1, fluorescent
Ca2+ imaging experiments in cultured murine sensory neurons identified cyclohexanone as a specific agonist of TRPV1, the capsaicin receptor. L-menthol significantly reduced the irritation response to acrolein, with an EC50 of less than 6 ppm.
This effect was diminished by AMTB, an antagonist of TRPM8. The inhibitory action of L-menthol on respiratory irritation was maintained in Trpa1-/- mice. Lmenthol significantly reduced the irritation response to cyclohexanone, but the
EC50 was approximately 20 ppm.
These results show that L-menthol inhibits respiratory irritation responses to smoke
irritants targeting diverse chemosensory receptors (TRPA1 or TRPV1) expressed in
different populations of sensory neurons. The cold/menthol receptor, TRPM8, is a
crucial mediator of this inhibitory effect. The potency of counter irritation by menthol may depend on the nerve population being stimulated by the irritant.
Supported by R01HL105635.
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ENHANCEMENT OF PLATELET ACTIVITY AND
PLASMA HOMOCYSTEINE LEVEL BY
INTRATRACHEAL INSTILLATION OF CARBON
BLACK.

H. Kim1, S. Kim2, K. Park3 and M. Lee1. 1Dongguk University College of
Pharmacy, Goyang, Gyeonggi-do, Republic of Korea, 2Chungnam National University
College of Pharmacy, Daejeon, Republic of Korea and 3Dongduk Women’s University
College of Pharmacy, Seoul, Republic of Korea. Sponsor: J. Chung.
Carbon black is an industrial chemical with the high potential of occupational exposure. Although the relationship between exposure to particulate matters and cardiovascular diseases is well established, the cardiovascular risk of carbon black has
not been characterized clearly. Here, we designed and performed this study to investigate the cardiovascular effect of carbon black and to identify the target tissues
and the potential biomarker. Carbon blacks with distinct particle size, N330 (ultrafine particle) and N990 (fine particle) were intratracheally instilled to rats. After 24
hrs and 1 week, we evaluated the thrombotic activities such as platelets aggregability and plasma coagulability, and analyzed the homocysteine levels in blood plasma,
along with the cardiac functions and the inflammatory response. Exposure to N330
resulted in the acceleration of platelet-dependent blood clotting at 10 mg/kg, the
highest exposure tested, while N990 exhibited minimal effect, suggesting that carbon black may enhance thrombotic risk. Unexpectedly, both carbon blacks leaded
to the prolongation of activated partial thromboplastin time (aPTT), although it
was not dose-dependent. N990, but not N330, significantly elevated the plasma
homocysteine, a well established etiological factor for cardiovascular diseases.
Although both of carbon blacks induced mild but apparent inflammation in lungs,
it did not spill over into systemic inflammation, and none of them caused cardiac
symptom detectable with electrocardiography. These results suggest that carbon
black exposure may enhance cardiovascular risk by the induction of hyperhomocysteinemia and the exaggeration of platelet activity. Homocysteine in blood plasma
may be a potential biomarker for cardiovascular toxicity following carbon black exposure.
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L-MENTHOL INHIBITS RESPIRATORY IRRITATION BY
CIGARETTE SMOKE IRRITANTS TARGETING DIVERSE
CHEMOSENSORY RECEPTORS.

DRY POWDER INHALATION EXPOSURES OF SINGLE
RAT LUNGS TO FLUTICASONE FUROATE: CONTROL
OF DOSE, SUBSTANCE CONSUMPTION AND
PHARMACOKINETICS.

E. Selg2, P. Ewing3, F. Acevedo2, C. Sjöberg4 and P. Gerde1, 2. 1IMM, Karolinska
Institutet, Stockholm, Sweden, 2Inhalation Sciences Sweden AB, Stockholm, Sweden,
3AstraZeneca Ltd, Mölndal, Sweden and 4Flexura KB, Upplands-Väsby, Sweden.
Inhalation exposures of rats to respirable particles is an important part of air pollution studies and the development of new inhalation therapies. One problem with
such studies is the availability of methods allowing controlled inhalation exposures
to respirable particles using only small amounts of study material. The purpose of
the current study was to evaluate the dosing precision, substance consumption, and
resulting pharmacokinetics when using the Dustgun exposure platform to expose
both the isolated, perfused rat lung (IPL) and endotracheally intubated rats (EIR)
to the corticosteroid fluticasone furoate (FF). Dry powder aerosols with a MMAD
of 2.2-3.2 μm (Marple cascade impactor) was generated with the Dustgun technology and delivered to the exposure models using a computer-controlled dispensing
system. Based on filter tests with the generated aerosols, the exposures were controlled by the aerosol concentration and ventilation pattern of individual exposure
subjects. Results show that FF in doses ranging from 5.6 to 46 μg were delivered to
the lungs with a precision within ±10% (SD, n=8) for the mechanically ventilated
IPL and ±26% (SD, n=10) for the spontaneously breathing EIR. The resulting PK
of FF demonstrated a similar pulmonary absorption rate of this sparingly soluble
steroid in the IPL and the EIR. Together were 18 lungs exposed and the total substance consumption was 55 mg, including determination of particle size distribution and preparative filter tests. Results indicated the usefulness of the IPL for predicting the pulmonary absorption of particulate solutes in rats in vivo, provided
that similar sized aerosols and ventilation patterns were used during the exposures.
Inhalation exposures of EIR to respirable dry powder aerosols can be performed as
an alternative to intratracheal instillation of liquid-suspended materials using a similar animal treatment protocol.
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AGING AND EPISODIC OZONE EXPOSURE IN BROWN
NORWAY RATS: EFFECTS ON HEART RATE, CORE
TEMPERATURE, PULMONARY FUNCTION, AND
EXPRESSION OF SERUM BIOMARKERS.

C. J. Gordon1, A. Johnstone1, C. Aydin1, K. Jarema1, J. Lehmann2, W. Ward3,
J. Schmid3, M. Schladweiler2, U. Kodavanti2 and R. MacPhail1. 1Toxicity
Assessment Division, US EPA, Research Triangle Park, NC, 2Environmental Public
Health Division, US EPA, Research Triangle Park, NC and 3Biostatistics and
Bioinformatics Research Core, US EPA, Research Triangle Park, NC.
Ozone (O3) is an air pollutant that is associated with cardiovascular and respiratory
diseases. The aged population is considered to be more sensitive to pollutants such
as O3; however, relatively few studies have demonstrated increased susceptibility in
aged or senescent animal models. We employed a subchronic, intermittent O3 exposure protocol to study the susceptibility in young and aged Brown Norway (BN)
rats. In one study, young adult (4 m) and aged (20 m) rats were exposed to 0 or 0.8
ppm O3 for 6 hr/d, 1 d/wk for 17 wks. Respiratory parameters assessed by unrestrained plethysmography the day after exposure revealed that O3 led to airwayflow limitation (i.e. increased PenH). Young rats exhibited a greater rise in PenH
over the 17 wk exposure. Bronchoalveolar fluid macrophages were reduced in aged
rats and neutrophils increased in young rats. Age affected 20 of 58 serum analytes,
including C-reactive protein, interferon, and macrophage inflammatory protein-2
(MIP-2). O3 affected 6 analytes, including fibroblast growth factor (basic), MIP-2,
leukemia inhibitor factor, and haptoglobin. In another study, core temperature (Tc)
and heart rate (HR) were monitored by telemetry in 8 and 20 m BN rats exposed
for 6 hr/d, 2 consecutive d/wk to 0 or 1.0 ppm O3 for 12 wk. Aged rats were less
sensitive to the hypothermic and bradycardic effects of O3. Recovery from O3 was
characterized by a fever persisting for several days, with recovery of aged animals
prolonged. Overall, the acute physiological effects of O3 are manifested more in
younger animals while recovery for Tc and HR and expression of certain serum biomarkers is worsened with age. This is an abstract of a proposed presentation and
does not reflect US EPA policy.
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OVERT AND LATENT CARDIAC EFFECTS OF OZONE
INHALATION IN RATS: EVIDENCE FOR AUTONOMIC
MODULATION AND INCREASED MYOCARDIAL
VULNERABILITY.

A. K. Farraj1, M. S. Hazari1, D. W. Winsett1, A. Kulukulualani1, A. P. Carll2,
N. Haykal-Coates1, C. M. Perez2, E. Lappi1, D. Terrell1, W. E. Cascio1 and D.
L. Costa1. 1US EPA, Research Triangle Park, NC and 2University of North Carolina
at Chapel Hill, Chapel Hill, NC.
Ozone (O3) is a well-documented respiratory oxidant, but increasing epidemiologic evidence points to extra-pulmonary effects including positive associations between ambient O3 concentrations and cardiovascular morbidity/mortality. With
preliminary reports linking O3 exposure with changes in heart rate (HR), we hypothesized that a single inhalation exposure to O3 will cause concentration-dependent autonomic modulation of cardiac function in rats. Rats implanted with
telemeters to monitor HR and the electrocardiogram (ECG) were exposed once by
whole-body inhalation for 4 hr to 0.2 or 0.8 parts per million (ppm) O3 or filtered
air. A separate cohort was tested for vulnerability to aconitine-induced arrhythmia
24 hr after exposure. Low O3 exposure failed to elicit any overt changes in autonomic tone, heart rhythm or the ECG. Exposure to 0.8 ppm O3, however, caused
bradycardia, PR prolongation, ST depression, and substantial increases in atrial
premature beats (APB), sinoatrial block (SAB) and atrioventricular block (AVB)
that were accompanied by concurrent increases in several heart rate variability
(HRV) parameters suggesting increased parasympathetic tone. Despite not eliciting
overt effects, exposure to 0.2 ppm O3 increased sensitivity to aconitine-induced arrhythmia formation in a manner similar to 0.8 ppm O3, suggesting a latent O3-induced alteration in myocardial excitability. Thus, O3 exposure causes several
changes in cardiac electrophysiology that are likely mediated by modulation of autonomic input to the heart. Moreover, exposure to low O3 concentrations may
cause subclinical effects that are only manifested when triggered by a stressor, suggesting that the health effects of ambient levels of air pollutants may be insidious
and potentially underestimated (This abstract does not reflect EPA policy).
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ASSESSMENT OF THE IMMUNOTOXIC POTENTIAL
OF NITRAPYRIN, PRONAMIDE AND SULFURYL
FLUORIDE UNDER US EPA’S HEALTH EFFECTS TEST
GUIDELINE.

D. R. Boverhof1, H. Lu2, S. Gehen2, S. Papineni2 and D. Eisenbrandt2. 1The
Dow Chemical Company, Midland, MI and 2Dow AgroSciences, Indianapolis, IN.
Under the 2007 revision to the federal regulations, functional assessment of immunotoxicity is now required for all food and non-food use pesticides. Since the establishment of this requirement, the immunotoxic potential of pesticides has been
assessed as per the guidance provided in the USEPA test guideline and memorandum. Data from 3 pesticides, nitrapyrin (nitrification inhibitor), pronamide (herbicide), and sulfuryl fluoride (fumigant), are used to illustrate the assessment of immunotoxicity according to this guidance. Testing involved the conduct of a T-cell
dependent antibody response (TDAR) assay with sheep red blood cells (SRBCs) in
the appropriate species and sex after 28 days of exposure. For nitrapyrin, male
Fischer 344 rats were fed diets formulated to supply doses of 0, 10, 40 or 120
mg/kg/day. For pronamide, male CD-1 mice were fed diets which provided doses
of 0, 15, 75 or 250 mg/kg/day. For sulfuryl fluoride, female CD-1 mice were exposed via inhalation to concentrations of 0, 10, 30 or 100 ppm for 6 hours/day 5
days/week. Each study included a positive immunosuppressive control group which
received intraperitoneal injections of cyclophosphamide (CP) on study days 24-28.
The TDAR response was assessed through an anti-SRBC IgM ELISA. The data for
all 3 chemicals indicated no statistically significant difference between the test material and the vehicle control, while CP produced a greater than 99% reduction in
the response. A subsequent weight of evidence assessment using existing toxicology
studies indicated there were no primary effects observed on structural immune parameters that would suggest potential for immunotoxicity. Therefore, nitrapyrin,
pronamide and sulfuryl fluoride were considered to lack immunotoxic potential.
Assessments for additional pesticides have yielded similar negative results, which
support the consideration of a weight of evidence assessments for immunotoxicity
potential prior to the requirement of functional immunotoxicity testing.
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THRESHOLD OF TOXICOLOGICAL CONCERN BASED
ON PRENATAL DEVELOPMENTAL TOXICITY IN
RABBITS.

B. Flick, M. Dammann, S. Schneider and B. van Ravenzwaay. BASF SE,
Ludwigshafen, Germany. Sponsor: R. Landsiedel.
In cases where only limited toxicological data are available, it is a challenge to assess
the potential risk from an exposure to chemical substances. In order to address this
problem, the threshold of toxicological concern (TTC) approach has been developed, based originally on the evaluation of carcinogenicity studies. The TTC is
based on the concept that reasonable assurance of safety can be given if exposure is
sufficiently low. Today the concept had been applied to different endpoint-specific
approaches, but TTC evaluations of reproduction toxicity studies are still limited.
We have previously published a TTC evaluation of our database of developmental
toxicity studies (OECD 414) in rats (van Ravenzwaay, Reg.Tox.Pharm.59, 81 -90
(2011). As a comparison, we are now presenting the corresponding evaluation of
our database for orally-administered developmental toxicity studies (OECD 414)
in rabbits. Using both Himalayan and New Zealand White rabbits, we utilize 48
NOAEL values for maternal and developmental toxicity, respectively. In the overall
evaluation, the 5th percentile of the NOAEL distribution was calculated to be 5
mg/kg bw/d for maternal as well as developmental endpoints. These values are
comparable to the corresponding values for the 5th percentile of the NOAEL in
rats, calculated to be 4 mg/kg bw/d for maternal and 5 mg/kg bw/d for developmental toxicity. This analysis of our database demonstrates that reproductive toxicity endpoints in rabbits do not drive the TTC to lower values than those calculated
before in rats. After applying a safety factor of 500 on the 5th percentile (to account
for a possible underrepresentation of chemical classes) a TTC value of 10 μg/kg
bw/d was calculated for developmental and maternal toxicity in rabbits. The corresponding values for developmental and maternal toxicity in rats were 8 μg/kg bw/d.
These values may serve as guidance on whether to perform an animal experiment or
to rely on a TTC value if estimated exposure is sufficiently low.

SOT 2012 ANNUAL MEETING

51

244

DEVELOPMENT OF A NEW NONCANCER TTC
DATABASE FOR COSMETICS INGREDIENTS: A
COLLABORATIVE PROJECT BETWEEN THE EC,
COLIPA, AND ILSI EUROPE.

K. Jacobs2, K. Arvidson2, M. Cronin3, S. Enoch3, S. Felter7, E. Fioravanzo4, J.
Madden3, M. Pavan4, A. Richarz4, R. Safford8, A. Worth5, C. Yang1 and G.
ILSI Expert6. 1Altamira, LLC, Columbus, OH, 2US FDA, College Park, MD,
3Liverpool John Moore Univ., Liverpool, United Kingdom, 4S-IN, Vicenza, Italy,
5JRC, Ispra, Italy, 6ILSI EU, Brussels, Belgium, 7Procter & Gamble Company,
Cincinnati, OH and 8Unilever, Colworth, United Kingdom.
The Seventh Amendment of the Cosmetics Directive foresees a deadline in 2013
for the replacement of animal testing of cosmetic products for repeated dose/reproductive toxicity and toxicokinetics. Currently, there are no accepted alternative
methods for the regulatory assessment of repeated dose toxicity. As part of the research initiative to address the knowledge and technology gap, the European
Commission (EC) and COLIPA jointly funded the COSMOS consortium. The
Threshold of Toxicological Concern (TTC) approach is being considered as one of
the alternatives for the safety assessment of cosmetics ingredients. To improve the
applicability of the TTC approach to cosmetics ingredients, COSMOS partners established two expert working groups in collaboration with ILSI Europe. The first
expert group supports the development of a new noncancer TTC database for cosmetics ingredients, whereas the second group addresses the oral-to-dermal extrapolation. We report a new noncancer TTC dataset (~ 660 cosmetics ingredients) compiled from various data sources. Also reported is the method to normalize the
critical NOAELs from different study types. Cosmetics ingredients were defined as
chemicals found in the EU COSING and US PCPC lists. About 90% of the noncosmetics in the Munro dataset belonged to Cramer class III (high concern),
whereas < 50% of the cosmetics ingredients were in class III. Although preliminary,
our results indicate that currently accepted TTC values may be adequately protective for cosmetics ingredients. The COSMOS noncancer database will comprise the
single largest compilation of NOEL values in the public domain, and will serve as a
sound basis for developing alternative methods for repeated dose toxicity. This abstract does not necessarily reflect the official position of US FDA, JRC, or EC.
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H. Kamp1, D. Ahlbory-Dieker2, S. Bade1, E. Fabian1, M. Frericks1, S.
Germer1, M. Herold2, G. Krennrich1, R. Looser2, W. Mellert1, A. Prokoudine2,
V. Strauss1, T. Walk2, J. Wiemer2 and B. van Ravenzwaay1. 1BASF SE,
Ludwigshafen, Germany and 2Metanomics GmbH, Berlin, Germany. Sponsor: R.
Landsiedel.
BASF SE and metanomics GmbH have developed a metabolomics data base
(MetaMap®Tox) containing more than 500 data rich chemicals, agrochemicals
and drugs. This metabolome-database is based on 28 day studies in rats with blood
sampling and metabolic profiling after 7, 14 and 28 days of test substance treatment. More than 100 patterns (i.e., set of changed metabolite levels) have been established for different toxicological modes of action. With these patterns early detection of toxicological effects becomes possible and will help to accelerate
development of new compounds with a better toxicological profile with a reduced
number of animal studies. Thus this technology contributes to animal welfare by
reduction through refinement. Following the requirements of the new European
chemicals legislation REACH, a high number of animal studies has to be performed. On the other hand, REACH demands the conduct of animal experiments
only, when no alternative exists to fill a data gap. Amongst the most promising
methods to reduce the number of animal experiments are “read-across” and “grouping”, i.e., forming of categories of compounds based on information justifying that
these chemicals will have a similar toxicological profile. Structural similarity or
QSAR models are often used to define such chemical groups, however, with known
limitations. ‘Omics technologies (e.g. metabolomics) can optimize the chemical
grouping process by providing biological information for equivalence. In case of
MetaMap®Tox, this is based on the recognition of modes of action through specific metabolome patterns and by comparing the entire metabolome of a chemical
with those of the reference compounds available in the MetaMap®Tox database.
Therewith, metabolomics provides a powerful tool for going from QSAR to QBAR
(quantitative biological activity relationship) through biology based grouping of
chemicals.
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Grégoire1,

COLIPA PROGRAM ON OPTIMIZATION AND
VALIDATION OF HPLC BIO-ANALYTICAL ASSAY TO
EXPAND APPLICABILITY DOMAIN OF IN VITRO EYE
IRRITATION RHT TEST METHODS FOR DYES.
Alépée1,

Bessou-Touya2,

Boullay2,

Smedt3,

S.
N.
S.
E.
A. De
B. De
Wever4, P. Jones5, A. Kunkel6, P. McNamee7, M. Millet2, U. Pfannenbecker6,
R. Taalman8, M. Tailhardat9, F. Van Goethem3 and W. Wargniez1. 1ADMET
Team, L’Oréal, Aulnay-sous-Bois, France, 2Pierre Fabre, Castres, France, 3Janssen
Research & Development, Beerse, Belgium, 4Henkel AG & Co. KGaA, Düsseldorf,
Germany, 5Unilever, Sharnbrook, United Kingdom, 6Beiersdorf, Hamburg,
Germany, 7Procter & Gamble Company, Egham, United Kingdom, 8Colipa, Brussels,
Belgium and 9LVMH Recherche, St. Jean de Braye, France. Sponsor: G. Nohynek.
In vitro eye irritation assays using Human Reconstructed Tissue (RhT) test systems
(SkinEthicTM HCE & EpiOcularTM EIT) are currently undergoing ECVAM validation for detection of GHS irritants/non-irritants. In these test methods, irritation
potential of a test chemical is determined by measuring cell viability in treated tissues by colorimetric MTT reduction assay. Cell viability is determined by enzymatic reduction of a yellow MTT tetrazolium salt to blue formazan. It is quantified
photometrically with results expressed as % viability in the test chemical treated tissues relative to the negative control. A decrease in MTT reduction capacity is used
to identify potential irritancy of test chemicals. A known limitation of the MTT
test is possible interference of dye with absorbance measurement of formazan. The
European Cosmetics Industry Association (Colipa) is conducting a program to address this limitation. The aims of the program are to: 1) optimize the preliminary
analytical approach using High Performance Liquid Chromatography (HPLC) to
quantify separately formazan from intrinsically coloured test chemical; 2) demonstrate application of the HPLC analytical method to evaluate dyes in RhT test
methods; 3) demonstrate within and between laboratory reproducibility. Results
presented describe: validation using the FDA guideline for bio-analytical method
and the multi-centric study (6 chemicals tested in 3 labs). This work has supported
development of a Standard Operating Procedure that can be applied to extend the
applicability domain of RhT test methods.
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METABOLOMICS IN VIVO—APPLICATION FOR
FORMING CHEMICAL CATEGORIES.

PHARMACOKINETIC, TISSUE DISTRIBUTION, AND
EXCRETION BALANCE OF PARABENS AFTER TOPICAL
SKIN APPLICATION IN RATS.

N. Aubert, T. Ameller, R. Forster and J. Legrand. CIToxLab France, Evreux,
France.
Parabens (PB) are preservatives widely used in topically applied drugs and personal
care products. Our study compared the ADME profiles of radiolabelled methyl-,
butyl- and propyl-PB following single oral, dermal or subcutaneous administration
to Sprague-Dawley rats. PBs were administered in ethanol at a dose of 100 mg/kg.
Blood total radioactivity Cmax and AUC were at least 10-fold higher when
parabens were administered by the oral route when compared with those after other
administration routes; Tmax ranged from 1 (oral gavage) to 8 hours (dermal application) after dosing. Methylparaben produced approximately 2x higher levels of radioactivity in all pharmacokinetic compartments when compared with other tested
parabens. Whatever the administration route, no chromatographic peak of any
paraben was detected in plasma samples; all radioactivity co-eluted as a single peak
corresponding to that of para-hydroxybenzoïc acid (PHBA). Following oral or subcutaneous administration, urinary excretion was predominant (>70 %, mainly during the first 24 hours), less than 4% were eliminated in the feces, and 2% were retained in the tissues and/or carcasses. Following dermal application, near to 50% of
the dose was not absorbed, 14 to 27% and <2% were respectively excreted in the
urine and feces, and <2% retained in the dissected tissues, whilst >20% of radioactivity was recovered in the remaining carcasses, likely located in the fur, paws or
muzzle. These results suggest that parabens are partially absorbed through rat skin,
extensively metabolized to PHBA, and rapidly excreted, mainly through the urine,
with low retention in tissues.
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REFINING ACUTE INHALATION TOXICITY TESTING:
THE FIXED CONCENTRATION PROCEDURE.

S. Creton. NC3Rs, London, United Kingdom. Sponsor: T. Gant.
Acute toxicity testing is required under many regulatory frameworks. Acute studies
are intended to support protection of human health, but are among the most criticised of regulatory toxicity studies for scientific and animal welfare reasons. A refinement method for acute inhalation toxicity has been proposed: the Fixed
Concentration Procedure (FCP). The FCP avoids death as an endpoint by relying
on ‘evident toxicity’, i.e. clear signs of toxicity such that it can be predicted that
death or severe toxicity would occur if animals were exposed to a higher concentra-

tion. Testing at higher concentrations and the predicted severe effects can thus be
avoided. Progress of the FCP through the OECD Test Guideline programme was
suspended while work to address concerns raised by some member countries on
three key points was initiated: The performance of the method in comparison with
existing methods; the potential for sex differences in sensitivity to inhalation toxicity (as the FCP proposed testing females only); and, the perception that evident
toxicity is not a reliable endpoint. The UK NC3Rs has been working with a small
consortium to develop the information and arguments needed to address these concerns. Statistical analysis was conducted to evaluate the potential for sex differences,
and to compare the classification performance of the FCP and the currently accepted acute inhalation methods (Acute Toxic Class and LC50). In the absence of
sex differences the FCP performs well in comparison with current methods. In the
presence of sex differences the classification performance of the FCP declines
markedly. However, a revised protocol using both sexes in a sighting study eliminates these deficiencies. Work on identification of evident toxicity is ongoing. An
objective system for recording clinical signs in acute inhalation studies has been developed following an initial trial in 3 UK labs. An international study is to be initiated in early 2012. The aim is to collect data from as many studies as possible over
a defined time period, and use this to derive a scoring system that will render the
evident toxicity decision more transparent and consistent.

tems and/or other components of the formulation. Our results indicate a correlation trend between in vitro scores and the degree of redness or stinging in clinical
ocular instillation studies of adult shampoos. The trend is towards higher irritation
scores with higher surfactant concentrations and/or stronger surfactant systems. For
children’s shampoos, in vitro and clinical scores were in the lower range across all
surfactant systems as all of the formulations contained low surfactant concentrations or milder surfactant systems. Shampoos with in vitro scores in the lower range
can generally move directly to clinical studies. For shampoos with in vitro scores in
the moderate range, rising dose studies are done to the maximal test concentration
of 10%. It can be concluded that low in vitro scores are indicative of mild to moderate irritation potential and useful in screening and evaluating potential irritants
before conducting clinical ocular safety studies.
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INFLUENCE OF AGING AMONG WORKERS AND ITS
IMPACT ON A CHEMICAL’S ELIMINATION RATE: A
PERSPECTIVE OF PREVENTION.

A. Vyskocil1 and C. Emond1, 2. 1DSEST, University of Montréal, Montréal, QC,
Canada and 2BioSimulation Consulting Inc., Newark, DE.
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GHS CLASSIFICATION OF OCULAR IRRITATION
POTENTIAL FOR INSTITUTIONAL CLEANING
PRODUCTS USING IN VITRO AND IN VIVO TOPICAL
APPLICATION ASSAYS.

N. Pechacek and T. O’Brien. Ecolab, St. Paul, MN.
The Globally Harmonized System of Classification and Labeling of Chemicals
(GHS) represents an international approach to standardize the classification and
communication of hazards for materials. One of the hazards addressed by GHS is
serious eye damage and eye irritation. Institutional cleaning products, due to their
surface-active chemistries, commonly have serious eye damage or irritation as a suspected health hazard. To support proper GHS classification, one approach is to
conduct ocular testing. Current GHS criteria for classifying this endpoint is based
primary on interpreting in vivo data. However, due to animal welfare concerns,
there is a shift in testing emphasis from in vivo to in vitro assays. Significant
progress has been made in developing alternatives to in vivo ocular assays. One such
assay is the EpiOcular assay. EpiOcular is a corneal model consisting of human-derived epidermal keratinocytes cultured to form a stratified, squamous epithelium
similar to the cornea. Two institutional cleaning products were evaluated using
both in vivo and in vitro assays for eye irritation potential and subsequent GHS
classification. For in vivo testing, the products were tested following OECD Test
Guideline 405 and individual irritation scores were used to assign a GHS classification. EpiOcular served as the in vitro assay with tissue viability, cytokine release and
histology evaluated. Tissue viability measured against time of exposure was used to
determine the exposure time required to reduce viability to 50% of controls
(ET50). The ET50, along with consideration of cytokine release and histology results, was used to assign a GHS classification. The in vivo data supported a GHS 2B
classification (i.e., mild irritant) for both products. In contrast, the in vitro data for
both products supported GHS 2A classifications (i.e., irritant). For this preliminary
study, the in vitro assay provided a more conservative GHS classification for eye effects relative to in vivo testing; however, the limited number of test articles prevents
drawing definitive conclusions.
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CORRELATION OF IRRITATION SCORES FROM IN
VITRO OCULAR TESTING WITH CLINICAL OCULAR
ASSESSMENTS OF SHAMPOOS.

P. Kazmi, T. Re, D. Orak, D. Beach and V. Srinivasan. Safety Evaluation, L’Oréal
USA, Clark, NJ.
Consumer ocular exposures sometimes occur with shampoo products. Shampoos
for children and adults should be safe for use without resulting in significant ocular
irritation. Dilute solutions of shampoos can be clinically evaluated in adults via direct ocular instillation or by indirect ocular instillation mimicking in use conditions. In either case, the investigator would like some assurance of ocular safety of
the shampoo solution prior to human exposure studies. In Vitro ocular models have
been used by the personal care industry for many years as an alternative to the
Draize ocular irritation test for chemicals and finished products. We compared the
in vitro ocular irritation scores (HETCAM and/or BCOP) and the scores for redness and stinging from clinical ocular instillation for 11children’s and 6 adult shampoos. The shampoos had different surfactant systems and surfactant concentrations. The differences in clinical scores between formulations with similar
surfactant systems may be related to differences in the fragrances, preservative sys-

As a person ages, the human body changes, and the efficiency of functions that ensure homeostasis is reduced. Altered function conditions (e.g., pharmacokinetics,
pharmacodynamics) are physiological and may have serious consequences on the
capacity of detoxification and control of homeostasis, which reduces workers’ abilities to handle chemical stressors. Therefore, it is reasonable to expect that the impacts on the ability of older workers to manage stress might be different in comparison to younger workers. The objective of this work was to analyze changes in
physiological parameters that may influence the responses of older workers to
chemical exposures from the perspectives of prevention, integration, and keeping
them in their jobs regardless of their ages. For this project, we conducted a comprehensive literature review, using research tools such as MEDLINE, TOXNET, and
other specialized medical books and reference volumes. We proposed grouping
workers by stratum to compare different age groups (people aged between 18 and
70 years). This approach fills the gaps where there are sensitivities that reduce the
body’s ability to handle chemical exposures. The results suggest that many physiological systems change with age. For example, the gastrointestinal tract transit decreases with age, thereby increasing the residence time of drugs and possibly the
amount absorbed. This higher absorption can increase the interaction with a chemical product. A decrease of liver perfusion with age can increase the half-life of
chemical reactivity; however, it does not seem that cytochrome P450 changes with
age. A decrease in hepatic drug metabolism observed with age might be related to a
reduction of the organ mass. Using this approach, the level of physiological and
biochemical parameters are extracted, compiled, and compared. This research targets workers exposed to chemicals. Physicians and toxicologists in occupational
health may use the results to identify constraints for aging workers with a perspective view for prevention.
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THE BIOLOGICAL ASSESSMENT OF A NOVEL
TREATMENT, DESIGNED TO REDUCE THE LEVELS OF
CERTAIN TOBACCO LEAF CONSTITUENTS.

J. Collard and C. Meredith. Group R&D, British American Tobacco, Southampton,
United Kingdom.
Proteins and amino acids have been reported to be precursors for a number of potentially toxic constituents of tobacco smoke, including 2-aminonaphthalene, 4aminobiphenyl and mutagenic heterocyclic amines. Therefore, a novel process has
been developed to reduce the levels of proteins in cut tobacco. This process resulted
in significant reductions in protein and total nitrogen (59% and 31% respectively)
in tobacco leaf, which were associated with significant reductions (p<0.01) in tar
normalised mainstream smoke yields of both nitrogen containing and phenolic toxicants.
In order to evaluate the biological effect of the treatment, test cigarettes containing
up to a maximum of 80% treated tobacco, were compared against a non-treated tobacco control product in a test battery of in vitro studies, and a 90-day subchronic
nose-only rodent inhalation study. Cigarette smoke particular matter (PM) was
tested in a Neutral Red uptake cytotoxicity assay, the Ames test, mouse lymphoma
assay, and the micronucleus assay. Whilst toxicity was observed in all of these studies for all samples, there were no consistent qualitative differences between them.
However, PM produced from cigarettes containing 80% treated tobacco demonstrated significantly lower mutagenic potencies (p<0.05) in Ames strain TA98 in
the presence of S9.

SOT 2012 ANNUAL MEETING

53

In the inhalation study, the overall responses of the rats exposed to mainstream tobacco smoke from all cigarettes were found to be similar, although smoke from the
test cigarettes showed reduced histopathology at one anatomical site (nasal 1) when
compared to the control. In isolation, this limited change was considered minor
rather than being indicative of a major biological effect.
The results of this test battery demonstrated that whilst the use of a tobacco containing reduced levels of proteins and polyphenols did reduce the genotoxicity associated with the presence of heterocyclic amines, it did not ameliorate any of the
other biological endpoints (either in vitro or in vivo) investigated in these studies,
when compared to an untreated tobacco control product.
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A DECISION TREE APPROACH FOR THE SAFETY
ASSESSMENT OF BOTANICAL COSMETIC
INGREDIENTS.

E. Antignac1, T. Re2, R. Persaud2, J. Clouzeau1 and V. Srininvasan2. 1L’Oréal
Research and Innovation, Asnières, France and 2L’Oréal Research and Innovation,
Clark, NJ.
Natural and organic cosmetic and personal care products are becoming increasingly
popular with consumers worldwide. Many of the new botanical ingredients being
used in these topically applied products are novel to the industry and require evaluation for their safe use as expected by consumers and required by ethical companies
as well as regulatory agencies. Some botanical ingredients are food or herbal medicines with a safe history of use. Other materials may be from sources not commonly
used and require a more rigorous safety evaluation. We present a decision tree approach to guide risk assessments for various botanical ingredients. A straight forward pathway can be followed for materials commonly ingested. The focus here is
to first assure there is sufficient safety data to move to a cosmetic use and to then assess local tolerance, i.e., irritation potential, photoxicity/photoallergy, and Type IV
sensitization risk. For materials found to closely resemble food or known herbal
medicines the pathway to topical tolerance may be based on detailed characterization and should be supported by reliable data including in vivo, in vitro, in silico, or
human data. However, other botanicals must first be characterized by: taxonomy,
cultivar, content of macro and micronutrients, chemical markers, known naturally
occurring toxicants, etc. Since extracts of botanical materials can differ based on extraction procedures, etc. they may require chemical ‘fingerprinting’ or more detailed structural analysis to allow the use of ‘in silico’ tools such as TTC, SAR, and
metabolic profiling. For a chemical compound of known toxicity or for which a
toxicological concern has been raised through in silico evaluation, skin penetration
estimation must be done to determine the allowable topical dosage levels.
Additional in vitro and/or in vivo testing may be required to complement in silico
assessments and arrive at an adequate human safety assessment. A decision tree approach for botanical ingredient safety assessment is presented in this poster.
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EVALUATION OF SUBACUTE BTAT TOXICITY IN RATS
AND IN VITRO GENOTOXICITY.

V. H. Adams1, L. R. Williams1, P. A. Beall2, R. L. Kilby2, M. L. Thompson2 and
W. S. Eck1. 1Toxicology-Health Effects Research Program, Army Institute of Public
Health, Aberdeen Proving Ground, MD and 2Toxicology-Toxicity Evaluation
Program, Army Institute of Public Health, Aberdeen Proving Ground, MD.
The sustainability of military training ranges is a necessary component of operational readiness. The development of new energetics for military use is ongoing
with one of the objectives for a successful product being minimal or low negative
environmental and human health effects. The elimination of compounds that are
appreciably harmful to the environment and/or human health can provide significant economic savings associated with potential future clean-up and health costs.
BTAT (Bis(2,2,2-trinitroethyl)-3,6-diaminotetrazine) is under consideration as a
new energetic replacement for RDX. The AIPH initial health assessment investigations included an in vitro mutagenicity assay and an oral acute/subacute 14-day
bioassay in rats. In a modified Ames microplate assay (Salmonella typhimurium test
strains TA98, 100, 1535, 1537, E. coli test strains pKM101 and urvA), BTAT was
found to be not mutagenic in all strains (with S-9 activation) at concentrations
below its water solubility limit of 100 μg BTAT/mL. Without S-9 activation,
BTAT was mutagenic at ≥9 μg BTAT/mL to test strain TA100. In female rats, the
acute oral LD50 for BTAT was >2000 mg/kg body weight. Male rats were used in
the subacute oral study. The subacute LD50 was >1000 mg/kg-day. Statistically significant findings included effects on several blood chemistry and hematology parameters in dose groups ≥293 mg BTAT/kg-day, increased spleen weights at 1000
mg BTAT/kg-day, decreased kidney and liver weights and decreased food consumption at 1000 mg BTAT/kg-day, and decreased thymus weights and body
weights at 500 and 1000 mg BTAT/kg-day. In summary, except for test strain
TA100, BTAT was not mutagenic in the Ames assay. Acute BTAT toxicity was
found to be low (LD50 >2g/kg) and subacute toxicity was consistent with anemia
and methemoglobinemia.
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MUTAGENICITY AND SUBACUTE TOXICITY TO
FEMALE RATS OF GUANIDINIUM 3, 4DINITROPYRAZOLE (GDNP)*.

L. R. Williams, V. H. Adams, M. A. Bazar and P. A. Beall. Portfolio of Toxicology
Health Effects Research Program (MCHB-TS-THE), Army Institute of Public Health
(AIPH), US Army Public Health Command (Prov), Aberdeen Proving Ground, MD.
Sustainable use of training ranges requires the development of compounds that
have a minimal impact to the environment when used in a weapon system. A new
energetic, GDNP, has been proposed that may have efficacy in specific systems. To
ensure the health of potentially exposed personnel and the environment, initial toxicity investigations were conducted and the results compared with another widely
used energetic (hexahydro-1,3,5-trinitro-1,3,5-triazine; RDX). In a microplate
Ames assay, GDNP is not cytotoxic to Ames bacteria at concentrations less than
100 μg/mL. However, GDNP is mutagenic to 4 out of 5 bacterial strains, both
with and without S9 metabolic incubation, at concentrations as low as 0.8 μg/mL.
The mutagenicity of GDNP is likely due to the 3,4-dinitropyrazole component.
Unlike RDX, GDNP did not have an affinity for the GABAa receptor convulsant
site, and was predicted to not induce seizure. After oral acute dosing in female rats,
GDNP had toxicity similar to that reported for guanidine hydrochloride, i.e., at
concentrations above 750 mg/kg, GDNP induced progressive sedation culminating
in brief mild convulsions and death (LD50 = 720 mg/kg). Daily oral dosing for 14
days at exposures up to 500 mg/kg-d resulted in reduction of food intake, weight
loss, increased liver weight, leucopenia, elevated blood total protein, BUN, cholesterol, and ALT activity, and decreased creatinine levels and ALKP activity. Based
upon these preliminary data, the apparent 14-day oral NOAEL for GDNP is 14
mg/kg-d. *Developed by Physical Sciences Inc., Andover, MA 01810.
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TOXICITY ASSESSMENT OF 4-AMINO-2NITROTOLUENE.

J. Houpt, G. J. Leach, L. R. Williams, M. S. Johnson and G. Reddy. Toxicology
Portfolio, US Army Public Health Command, Army Institute of Public Health,
Aberdeen Proving Ground, MD.
2, 4-Dinitrotoluene (2,4-DNT) is used in the manufacture of dyes, in munitions
and in military explosive composition. It degrades into a number of nitro reductive
products, including 4-amino-2-nitrotoluene (4A2NT) (CAS.119-32-4) through in
vivo mammalian and in vitro bacterial systems. 4A2NT is also an environmental
degradation product of 2, 4-DNT and is detected in soil and ground water at some
ammunition plant manufacturing and disposal facilities. The toxicity data on
4A2NT is limited. Therefore, we developed acute, sub acute and subchronic toxicity data in rats to assess environmental and human health effects from exposures.
The approximate lethal dose (ALD) for both sexes was 5000 mg/kg. A 14-day toxicity study in rats was conducted with 4A2NT in the feed at concentrations of 0,
125, 250, 500, 1000, and 2000 ppm. The 2000 ppm concentration was selected as
highest concentration for subsequent 90-day study. An oral 90-day subchronic toxicity study in rats was conducted with concentrations of 0, 500, 1000 and 2000
ppm of 4A2NT in the feed. The calculated consumed doses of 4A2NT in the feed
were 0, 27, 52 and 115 mg/kg-day for males and 0, 32, 65, and 138 mg/kg-day for
females. A no observed adverse effect levels (NOAEL) was not determined. The low
observed adverse effect levels (LOAEL) was 27 mg/kg/day for males and 32
mg/kg/day for female rats based upon adverse histopathology of the liver (cytoplasmic vacuoles) and body weight decreases. Testicular atrophy (hypospermia) was also
observed in male rats at dose of 52 and 115 mg/kg. The toxicity data developed can
be used to develop oral RfD that can be useful for human health risk assessment.
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ACUTE TOXICITY STUDY OF LIPOSOMAL
ANTIOXIDANT FORMULATIONS CONTAINING NACETYLCYSTEINE, α-TOCOPHEROL, AND γTOCOPHEROL IN RATS.

Z. E. Suntres1, K. Pucaj2, M. Alipour1 and M. Smith3. 1Medical Sciences Division,
Northern Ontario School of Medicine, Thunder Bay, ON, Canada, 2Nucro-Technics,
Toronto, ON, Canada and 3Amaox Ltd., Melbourne, FL.
The acute toxicity of a single dose of intravenously administered liposomal antioxidant formulation containing N-acetylcysteine (NAC) with/out α-tocopherol (α-T)
or γ-tocopherol (γ-T) in rats was examined. Each group consisted of 5 male and 5
female Sprague-Dawley rats with a control group receiving empty DPPC liposomes
(660 mg/kg DPPC, EL), and test groups receiving liposomes prepared from DPPC
lipids with i) NAC (200 mg/kg NAC [L-NAC]); ii) NAC and α-T (200 mg/kg
NAC and 83.3 mg/kg α-T [L-αT-NAC]) and iii) NAC and γ-T (200 mg/kg NAC
and 71.4 mg/kg γ-T [L-γT-NAC]). These dose levels were determined from the
dose-range finding study and considered to be the Maximum Feasible Dose levels,

based on the volume of 10 mL/kg and physical properties/viscosity of the test articles that could be safely administered to rats by an I.V. injection. Two weeks after
treatment (Day 15), all animals were sacrificed and submitted for gross necropsy,
clinical pathology investigations (haematology, coagulation, clinical chemistry and
urinalysis) with a comprehensive range of organs submitted for histopathological
evaluations. The rats in the control group (EL) and three test groups exhibited no
clinical signs of toxicity during the dosing period or during the 14-day post treatment period. Weight gain and food consumption in all animals was appropriate for
the age and sex of animals. Clinical pathology findings were unremarkable in all
rats and in all groups. However, WBC counts in male rats treated with L-γT-NAC
formulation were below the low end of the normal range although gross necropsy
and histopathological observations were not of any toxicological significance. In
conclusion, the results of this study showed no drug/treatment related toxicity in
rats at the maximum feasible dose level by a single bolus intravenous administration. This work was funded by a grant (W81XWH-06-2-0044) from the
Department of Defence, USA.
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PLATELET COUNTING IN ANIMALS—BACK TO
BASICS.

M. Burgess-Wilson and M. Smith. Clinical Pathology, Huntingdon Life Sciences,
Huntingdon, United Kingdom. Sponsor: L. Ramaiah.
Rationale and scope: Platelet clumping is an important and common problem in
laboratory animal species, particularly in Mini-pigs. In addition to reducing platelet
counts, clumping may result in inaccurate gating of erythrocytes and leucocytes,
pseudoleukocytosis, or trapping of leukocytes and erythrocytes. Our objective was
to investigate the effects of pre-analytical variables on platelet counts, and the relevance of platelet clump flags generated by an automated hematology analyser.
Experimental procedures: In a study of Mini-pigs, blood was collected into tubes
containing EDTA or CTAD anticoagulants, and several different experimental
conditions were investigated. The Advia 120 analyser was used to measure the
platelet count (PLT) and the ‘Clump count’ (CC). May Grunwald/Giemsa stained
blood films were used to assess platelet morphology. EDTA samples were also investigated in dog, sheep and rabbit. Summary of results: In mini-pigs the use of
CTAD anticoagulated tubes resulted in higher PLT and lower CC when compared
to EDTA. For EDTA and CTAD, storage at 4oC reduced the PLT by 10%, but
had no effect on the CC; mixing (inversion or rotary mixer) had no effect on PLT
or CC. The PLT was stable for 4 hours at room temperature. Blood smear examination confirmed the presence of platelet aggregates when the CC was elevated.
Conclusions: In Mini-pigs, the use of CTAD as an anticoagulant results in fewer
CC flags with lower CC and higher PLT than EDTA. In our hands, the CC flag
was a useful alert regarding clumped platelets.
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FLUOROALKYL METHACRYLATE COPOLYMER
AQUEOUS DISPERSION: SUBCHRONIC TOXICITY
EVALUATION IN RODENTS.

B. Singh1, S. S. Anand1, R. C. Buck2, J. M. Lewis1, S. R. Frame1, T. L. Serex1,
G. P. Sykes1 and S. E. Loveless1. 1DuPont Haskell Global Centers for Health and
Environmental Sciences, Newark, DE and 2DuPont Chemicals and Fluoroproducts,
Wilmington, DE.
A fluoroalkyl methacrylate copolymer aqueous dispersion comprised of a shortchain
six
fluorinated
carbon
methacrylate
monomer,
F(CF2)6CH2CH2OC(CH3)=CH2, was evaluated in one-gen repro and repeateddose toxicity studies. Four groups of young adult male and female Crl:CD(SD) rats
were daily administered test substance by oral gavage that contained 0, 100, 500 or
1000 mg /kg/day of test substance for approximately 90 days. No primary test substance-related effects on mortality, clinical signs, neurobehavioral assessment, body
weight, nutritional parameters or clinical pathology were observed at any dose.
Treatment related adverse nasal lesions consistent with regurgitation rhinitis were
observed in males and females at ≥100 mg/kg/day. Clearance of test substance and
complete resolution of the associated inflammatory response did not occur following a 1-month or 3-month recovery period. Since posterior nasal regions were most
affected, with foreign material present within the inflammatory exudates, reflux
and retrograde aspiration of irritant material (possibly stomach contents with test
formulation) into the nasal cavity were suspected. Therefore, nasal lesions are likely
secondary to gavage reflux rather than primary target organ toxicity or gavage error.
The underlying cause of the apparent reflux is uncertain. Nasal lesions similar to
the repeat dose study were also observed in a one-generation reproductive study
where P1 rats were administered test substance (25/sex/group) daily at 0, 20, 100,
500, or 1000 mg/kg/day for at least 109 days. In the one generation reproductive
study, the NOAEL based on nasal lesions was 20 mg/kg/day in males and 100
mg/kg/day in females. No effects on reproductive endpoints at any dose were observed at any dose. The test substance is not a selective reproductive toxicant.
Therefore, taking both studies together, the NOAEL for rats based on these type of
nasal lesions was > 20 and < 100 mg/kg/day.
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SUBCHRONIC INHALATION EXPOSURE OF RATS TO
LIBBY AMPHIBOLE AND AMOSITE ASBESTOS.

D. E. Dodd1, E. W. Tewksbury1, K. Roberts1, A. M. Jarabek2, G. A. Willson3,
H. G. Wall3 and S. H. Gavett2. 1Hamner Institutes for Health Sciences, Research
Triangle Park, NC, 2US EPA, Research Triangle Park, NC and 3Experimental
Pathologies Laboratories Inc., Research Triangle Park, NC.
Exposure to Libby amphibole (LA) is associated with significant increases in asbestosis, lung cancer, and mesothelioma. To support biological potency assessment
and dosimetry model development, a subchronic nose-only inhalation exposure
study (6 hr/d, 5 d/wk, 13 wk) was conducted in male F344 rats. Rats were exposed
to air (control), LA (LO, MED, HI; 1.01, 3.33, 10.08 mg/m3 gravimetric concentration; 43, 171, 280 particles/cc by APS, respectively), or amosite (AM; 3.35
mg/m3; 404 particles/cc). No clinical findings were observed during the exposures
though average body weights were 4% lower than controls in the AM group for
weeks 2-14. One day after final exposure, significant increases in BAL LDH (22.5x) and total protein (1.5-1.7x) were found in MED and HI LA groups, but no
significant changes were found in the AM group at the same mass exposure as
MED LA. BAL ALP and NAG concentrations were similar in all exposure groups
including the control. Changes observed in BAL cells were significant decreases in
percentages of macrophages (59% vs. 90%) and increases in percentages of lymphocytes (1.4x) and neutrophils (4x) in HI LA vs. control. Histopathological examination of the lung found a minimal increase in alveolus inflammation, interstitial fibrosis, bronchiolization, and foreign body presence in all rats (8/8) in LO LA,
MED LA, and AM groups compared to controls. Alveolus inflammation was more
severe in all (8/8) HI LA rats. The HI LA group was the only exposure group showing bronchiole epithelial hyperplasia (8/8 were minimal grade). Other groups of
rats were necropsied 1 and 3 months post-exposure (also 8/group), with the final
necropsy planned for 18 months post-exposure (50/group). Tissue fiber burdens are
being determined to support dosimetry model development. Results show comparable inflammatory and fibrogenic responses 1 day after subchronic exposure of rats
to LA and AM asbestos. (This abstract does not represent US EPA policy.)
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UTILIZING A COMPREHENSIVE APPROACH FOR
SAFETY ASSESSMENT OF COSMETIC INGREDIENTS: A
CASE STUDY.

F. Liu, V. Tu and M. D. Helman. Revlon Research Center, Edison, NJ.
Safety assessment of cosmetic ingredients is a critical part of cosmetic product safety
review. Conventional safety assessment largely relies on toxicological data from animal testing. Due to recent European Union regulations and public support to stop
testing cosmetic ingredients on animals, toxicologists face challenges of conducting
safety assessment of new chemicals without employing animal testing. There are
only a limited number of validated in vitro methods are available for risk assessment. In particular, lack of animal subchronic/chronic data prevents toxicologists
from conducting the traditional Margin-of-Safety (MoS) based risk assessment. To
address the challenges, we present here a comprehensive approach that combines
investigative data with predictive toxicology to conduct risk assessment on a model
chemical, diglycerin. Data on acute toxicity, skin and eye irritation, skin sensitization, and mutagenicity were obtained from investigative studies. To fill the data gap
of subchronic/chronic toxicity, an in silico approach was applied. The chemical was
screened by DEREK and OECD QSAR Toolbox for structural alerts, and by US
EPA T.E.S.T and Actelion’s OSIRIS Property Explorer for potential reproductive/developmental toxicity. In addition, three structurally similar analogues were
identified by using the OECD QSAR Toolbox and US EPA AIM programs. The
analogues’ subchronic/chronic and reproductive/developmental toxicity data were
reviewed. The lowest no observed adverse effect level (NOAEL) among these studies was conservatively used as the point of departure in risk assessment. Exposure assessment was conducted to obtain systemic exposure dose by taking the actual skin
penetration into account. Based on the calculation of MoS and the application of
an additional uncertainty factor, we concluded that diglycerin is safe to use for the
target product types and use levels. The framework proposed in this report represents a feasible approach to fulfill safety assessment in the absence of relevant systemic toxicological data.
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EVALUATION OF STRAIGHT CHAIN UNSATURATED
ALDEHYDES IN A LOCAL LYMPH NODE ASSAY.

J. Scognamiglio, J. Lalko and A. Api. Research Institute for Fragrance Materials,
Woodcliff Lake, NJ.
Local lymph node assays (LLNA) were conducted on hexen-2-al, 2-octenal, trans2-nonenal, and 2-tridecenal to determine their potential to induce dermal sensitization. These materials are all straight chain unsaturated aldehydes with a variety of
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uses which include application in fragrances. The materials tested have limited sensitization data available and are all expected to have similar chemical reactivity; the
only difference between the materials is their carbon chain length (6, 8, 9, and 13
carbons, respectively). The variation in chain length can affect the potential for sensitization as shorter carbon chains would be expected to have an increased volatility,
decreasing the amount of material available for absorption under non-occlusive
conditions. Each material was tested according to OECD guideline 429 in female
CBA/CA mice (5/group) at 5 concentrations ranging from 0.5 – 50% w/v in 1:3
ethanol:diethyl phthalateusing on the standard LLNA dosing regimen. The auricular lymph nodes were excised and pooled for each experimental group and incorporation of 3HTdR was measured by β-scintillation counting and expressed as disintegrations per minute (dpm) per lymph node for each experimental group. The
stimulation index (SI) values were calculated for each dose level, with values ≥3
considered a positive response. The estimated concentration (EC3) required to
elicit a positive response was calculated and taken as a measure of relative potency.
The EC3 values for hexen-2-al, 2-octenal, trans-2-nonenal, and 2-tridecenal were
calculated to be 2.6%, 5.6%, 2.1%, and 3.8%, respectively. Based on these values,
chain length does not seem to have an effect on the LLNA results, as all the materials tested were found to be weak sensitizers with very similar EC3 values.

263

ESTIMATION OF THE CONSUMER INHALATION RISK
OF WATERPROOFING SPRAYS.

C. Dasenbrock, M. Fischer, W. Koch and H. Windt. Fraunhofer Institute for
Toxicology and Experimental Medicine, Hannover, Germany.
Waterproofing sprays are widely used consumer products containing for example
fluorinated polymers or silicon based compounds dissolved in alcohols or volatile
petroleum distillates. There have been repeated reports on cases of severe acute respiratory disorders especially when using products that newly entered the market. It
is hypothesized that impairment of the pulmonary surfactant by deposition of inhaled respirable particles of the active compound is one of the main causes of the
acute lung injury. Since the inhalation toxicity cannot be predicted a priori based
on the physical and chemical properties of the formulation, proper test strategies
are required to ensure consumer safety.
We propose to combine screening tests addressing both, exposure and acute lung
toxicity. The exposure potential of the spray product is characterized by determining the release fraction of the active compound in the respirable particle size range
under conditions relevant for the product application. This is carried out by spraying defined quantities of the product into a control volume and measuring the concentration of health related size fractions. This procedure takes into account spray
ageing, especially size reduction of the droplets due to solvent evaporation.
The isolated perfused lung is used as a model for testing acute toxicity. Ventilated
rat lungs are exposed to aged aerosols with proper particle size of approximately 1
μm MMAD generated from the liquid spray formulation. Lung compliance and
lung resistance are continuously monitored during exposure. Dose dependent deviations from the normal values (without exposure) are used as read-out parameters.
Using the combined procedure, different sprays could be ranked according to their
realistic exposure risk and, most importantly, sprays with known lung toxicity could
be uniquely distinguished from those that have been shown to be safe. In its current
stage of development the simple test method is recommended for screening of substances only.
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TOXICITY ASSESSMENT OF THE INSECTICIDAL
PROTEIN Vip3Aa20, PRESENT IN GENETICALLY
MODIFIED MIR162 MAIZE PLANTS.

A. K. Sauve, B. Harper, K. Leiner, L. Seastrum and L. Shaw. Product Safety,
Syngenta Crop Protection, LLC, Greensboro, NC.
The Bacillus thuringiensis-derived Vip3Aa20 protein has insecticidal activity
against several lepidopteran species and is expressed by Event MIR162 genetically
modified maize for the biological control of agricultural pests. As part of an overall
safety assessment, bioinformatics homology searches for amino acid sequence similarities between Vip3Aa20 and known toxins, in vitro digestibility studies, and in
vivo toxicity studies were conducted. There was no significant sequence similarity
between Vip3Aa20 and any proteins known or putatively known to be toxic to
mammals. Vip3Aa20 was readily digested after incubation in simulated gastric fluid
containing pepsin, as assessed by SDS-PAGE and Western blot analyses. Vip3Aa20
was administered as a single oral dose via gavage to groups of 5 male and 5 female
mice at 0 or 1250 mg /kg body weight (BW) to assess the toxic potential of
Vip3Aa20. Animals were observed for 14 days following dosing. There were no
deaths or treatment-related effects on body weight, food consumption, clinical observations, clinical pathology, select organ weights, gross necropsy findings or
histopathological findings. Therefore the NOAEL for this acute oral toxicity study
was > 1250 mg/kg BW. Additionally, this protein was tested for potential toxicity
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when administered repeatedly for a period of 28 days. Vip3Aa20 was administered
via gavage to four groups of 5 male and 5 female rats at 0, 5, 50, and 500 mg/kg
BW per day. An additional group was administered bovine serum albumin to control for any effects of dosing a high concentration of non-toxic protein at levels
matched to the highest dose level of Vip3Aa20. There were no deaths or treatmentrelated effects on body weight, food consumption, clinical observations, hematology, clinical chemistry, select organ weights, or gross necropsy findings. These data
support the conclusion that Vip3Aa20 is nontoxic to mammals and that Event
MIR162 maize is safe for use as food or feed.
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TOXICOLOGY ASSESSMENT OF ORTHOPHTHALALDEHYDE (OPA) FOLLOWING 90 DAYS OF
INHALATION EXPOSURE IN MICE AND RATS.

S. A. Thakur1, G. L. Baker2, J. H. Roycroft1, L. M. Staska2, J. A. Dill2, D. B.
Rao3, G. S. Travlos1, D. R. Germolec1 and M. E. Wyde1. 1Division of National
Toxicology Program, NIEHS, NIH, Research Triangle Park, NC, 2Battelle Toxicology
Northwest, Richland, WA and 3Integrated Laboratory Systems Inc., Research Triangle
Park, NC.
Ortho-phthalaldehyde (OPA) is a chemical sterilizer used on heat-sensitive medical
devices and surgical instruments. Despite the rising popularity of OPA as a potential alternative to glutaraldehyde, very little is known about its toxicity profile.
Studies at NIOSH indicate that OPA concentrations in air samples from hospital
sterilizing units range from 0.001 to 0.0135 ppm. Occupational exposure to the
marketed concentrate of OPA (5.75%) is also not uncommon among healthcare
workers. The objective of this study was to characterize the potential toxicity of
OPA following inhalation exposure. B6C3F1 mice and Harlan Sprague-Dawley
rats (10/group/sex) were exposed by whole body inhalation to 0, 0.44, 0.88, 1.75,
3.5 and 7.0 ppm of OPA for 6 hours/ day, 5 days/ week for 90 days. Endpoints
evaluated included body and organ weights, hematological assessment, and
histopathology. Following 90 days of treatment, there were dose-related decreases in
body weight and decreased survival in the mice and rats exposed to ≥ 3.5 ppm
OPA. Relative lung weights were significantly increased in both mice and rats exposed to ≥ 1.75 ppm OPA. The spectrum of lesions noted following OPA exposure
included inflammation and necrosis of the cornea, nose, larynx, trachea and
bronchus. A NOAEL for the nose in either sex/species was not identified.
Additional lesions included inflammation and epidermal hyperplasia in the skin.
Hematological analyses in mice exposed to ≥ 1.75 ppm of OPA demonstrated decreased red cell mass suggesting a suppression of erythropoeisis. These studies
demonstrate that subchronic exposure of mice and rats to OPA leads to inflammation of the respiratory system with the most severe effects being in the upper respiratory tract. These are preliminary results that have not yet been peer-reviewed by
the NTP.
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6:2 FLUOROTELOMER ALCOHOL: FOUR-WEEK
INHALATION TOXICITY STUDY.

T. L. Serex, C. Morris, R. C. Buck, S. E. Loveless and M. P. DeLorme. DuPont
Haskell Laboratories, Newark, DE.
6:2 Fluorotelomer Alcohol (CAS# 647-42-7, 1-Octanol-3,3,4,4,5,5,6,6,7,7,8,8,8
tridecafluoro-, 6:2 FTOH) is a raw material used for manufacturing surfactant and
polymeric surface protection products. Inhalation of the 6:2 FTOH vapor phase is
a potential route of human exposure for toxicity determination. In this 4-wk study,
four groups male and female Crl:CD(SD) rats were exposed whole body 6 hr/day,
5 days/week to 0 ± 0, 1.0 ± 0.0087, 10 ± 0.057 or 100 ± 0.32 ppm 6:2 FTOH for
a total of 22 exposures (mean ± SEM). Exposure to 6:2 FTOH demonstrated no
adverse effects on body weight, body weight gains, food consumption or food efficiency. No test substance-related or adverse clinical signs of toxicity were observed
over the course of this study. Male and female rats exposed to 100 ppm 6:2 FTOH
demonstrated increased mean serum bilirubin levels when compared to the control
group and several females at this exposure level exhibited increased alanine aminotransferase (ALT). All animals exposed to 100 ppm 6:2 FTOH demonstrated increased mean absolute liver weights as well as increased mean liver weights relative
to body and brain weight. Male rats exposed to 100 ppm 6:2 FTOH also demonstrated decreased motor activity during the 4th week of exposure. Changes in
bilirubin, ALT, liver weights and motoractivity in animals exposed to 100 ppm resolved following a 4-week recovery period. Microscopic findings were limited to the
incisor teeth of male and female rats exposed to 100 ppm 6:2 FTOH observed as
basophilic striations within the inner dentin. This change is a common finding in
rats following exposure to fluorine-containing compounds, was not associated with
changes in odontogenic epithelium and was considered non-adverse. Therefore,
under the conditions of this study, the NOAEL for 6:2 FTOH is 10 ppm. These
findings correlate with the target organ effects observed in oral studies with 6:2
FTOH and indicate a lack of a route of entry effect. Therefore, route-to-route extrapolation for systemic effects is appropriate for risk assessment of this material.
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DIFFERENTIAL HEMOLYTIC POTENTIAL OF
POLYSORBATE 80 IN RAT AND HUMAN BLOOD.

S. G. Sawant, R. Hernandez and P. Pratikhya. Toxicology Sciences, CBSS, Amgen
Inc, Thousand Oaks, CA.
Excipients are pharmacologically inactive compounds in drug products that serve
different functions, such as, diluent, binder, coating agent. Various excipients are
used based on the medication form and route of administration. Polyoxyethylene
sorbitan fatty acid esters (polysorbates) are widely used in cosmetics, food products,
oral, parenteral, and topical pharmaceutical formulations. Polysorbate 80 is a commonly used excipient in parenteral formulations as an emulsifier, solubilizer, and to
stabilize aqueous formulations of medications. Formulations intended for intravenous administration are typically qualified for use using an in vitro hemolysis assessment. The hemolytic potential of polysorbate 80 concentrations in routinely
used vehicles was assessed with rat and human blood. Briefly, mixtures containing
blood substrate (blood diluted to give an absorbance value of 0.8 - 1.2 upon complete hemolysis) and each vehicle were diluted and incubated under static conditions for 30 minutes at 37°C. A hemolytic index for each vehicle formulation was
determined by comparing the optical density determined spectrophotometrically in
the test article samples to a scale between 0 and 100% hemolysis. Polysorbate 80
has been used at 0.1% in intravenous formulations for humans. The hemolysis
assay performed with vehicles containing 0.1% polysorbate 80 caused severe hemolysis of rat blood. Subsequent titration experiments showed that the vehicle mixtures containing less than 0.006% polysorbate 80 were non-hemolytic to rat blood.
Also, addition of rat plasma to the assay mix with 0.1% polysorbate 80 vehicle mixtures reduced the hemolytic potential suggesting protein binding to polysorbate 80
may limit the hemolytic potential. In contrast, vehicles containing polysorbate 80
failed to induce lysis of red blood cells obtained from human donors at concentrations up to 2.5% polysorbate 80. It will be useful to understand the hemolytic potential of polysorbate 80, a commonly used intravenous excipient, in other animal
species to determine limits for use in preclinical studies.

268

PRECISE CHARACTERIZATION OF THE
CYNOMOLGUS QT-RR RELATIONSHIP EMPLOYING
DISTRIBUTION-BASED QT ANALYSIS: IMPACT ON
PRECLINICAL SAFETY ASSESSMENTS.

H. Holzgrefe1, A. Greiter-Wilke2 and G. Ferber2. 1Toxicology, Charles River
Laboratories, Reno, NV and 2Safety Pharmacology, Hoffmann-La Roche, Basel,
Switzerland.
Preclinical assessment of QT interval prolongation is subject to regulatory ambiguity regarding preferred methods for QT-RR rate-correction, especially in the
cynomolgus monkey (cyno). Complete dissociation of the effect of heart rate from
the raw QT is necessary to accurately assess possible drug-mediated QT prolongation. The generic QT rate-correction factors expressed as log-linear exponents (βvalues) are 0.286 (Van de water), 0.33 (Fridericia), and 0.5 (Bazett) and, lacking
specific regulatory guidance, all have been used in preclinical cyno QT safety assessments with varying degrees of success. All generic β-values were derived from
single point raw QT measurements where the associated rate-correction models did
not take into account the fundamental nature of the raw QT interval, now known
to show substantial random variation where accurate quantification may only be accomplished through distribution-based analysis of dense data. Continuous digital
ECGs (18-24 h, 500 Hz) acquired via epicardial leads (n=30) or jacketed external
telemetry (n=10) were subjected to automated analysis employing ECG PRO software (ver. 5.0, Data Sciences Intl.). For each subject (n=40), the baseline raw QT
values were normally distributed, spanning a range of 55-110 ms for each discrete
RR interval (250-900 ms), confirming characteristic rate-independent raw QT
variability. Individual log-log-linear distribution-based β-values ranged from 0.316
to 1.122 with a mean of 0.72±0.2. For all individual regression models (n=40) the
mean r2 was 0.98±0.018. These results unequivocally demonstrate that all generic
QT rate correction formulae are unacceptable for use in the cyno where rate-correction inaccuracies will invariably lead to sporadic and unpredictable instances of
QT over-correction, introducing a substantial risk for false positive results. These
results demonstrate that accurate and reliable QT assessments in the cyno may only
be achieved with individual, distribution-based QT modeling.
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TOXICITY POTENTIAL FOR REFINED NAPHTHENIC
ACIDS FOLLOWING REPEATED ORAL EXPOSURE.

C. North1, R. McKee1, P. Podhasky2 and A. Kuhl3. 1ExxonMobil Biomedical
Sciences, Inc., Annandale, NJ, 2American Petroleum Institute, Washington, DC and
3WIL Research, Ashland, OH.
Naphthenic acids (NA) are cycloaliphatic carboxylic acids with a range of 9 to 20
carbons occurring naturally in crude oil. NA are removed from middle distillates
(e.g., diesel fuel) during refining, then reclaimed from waste streams and purified

into petrochemicals. To characterize potential toxicological hazards of refined NA
(≥70% purity), Sprague Dawley rats (12 rats/group) were treated by daily oral gavage with vehicle (corn oil) or refined NA at 100, 300, or 900 mg/kg/d for 14 days
prior to mating, then an additional 14 days for males or through lactation day 4 for
females (up to 51 days) in a combination OECD 422/474 study.
Mean body weight and weight gain significantly decreased in rats treated with 900
mg/kg/d refined NA. Relative thyroid/parathyroid weight increased in males only.
Mean liver weight increased in males treated with ≥300 mg/kg/d refined NA and
females treated with 900 mg/kg/d.
Rats exposed to 900 mg/kg/d refined NA had decreases in mean corpora lutea per
litter (13.8 vs. 15.6 in controls), pups born (10.8 vs. 14.1 in controls), and live litter size (9.6 vs 13.9 in controls). Pups from the 900 mg/kg/d group had reduced
survival (67.7% vs. 98.1% in controls), body weight (7.2 and 7.3 g in males and females, respectively, compared to 9.7 and 9.1 g in controls), and weight gain (1.4 g
in males and females compared to 2.6 and 2.7 g in controls, respectively). At 300
mg/kg/d there was a decrease in pups born (12.0 vs. 14.1 in controls) and live litter
size (10.1 vs. 13.9 in controls).
Effects on liver weight (up to 65% increase relative to body weight), adrenal cortex
(minimal to mild cytoplasmic vacuolation of the zona fasciculata), thyroid gland
(minimal epithelial hypertrophy and cytoplasmic vacuolation), thymus (minimal to
mild cortical lymphoid depletion), and kidney histopathology (minimal to mild
male-specific hyaline droplet nephropathy) were considered non-adverse. The
NOAEL for refined NA-related systemic toxicity in this study was 300 mg/kg/d
and 100 mg/kg/d for reproductive toxicity.
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BROAD SPECTRUM SAFETY OF MERASTIN: A NOVEL
WEIGHT MANAGEMENT INGREDIENT.

F. C. Lau1, Z. M. Saiyed1, J. Lugo1, G. Trimurtulu2, A. V. Krishnaraju2 and K.
Sengupta2. 1Research and Development, InterHealth Nutraceutical Inc., Benicia, CA
and 2Research and Development, Laila Nutraceuticals, Vijayawada, AP, India.
Merastin is a novel formulation consisting of extracts from Sphaeranthus indicus
flower heads and Garcinia mangostana fruit rind. Clinical studies have demonstrated that Merastin is effective and well-tolerated in weight management. The
current research assesses the broad spectrum safety of Merastin in a battery of animal and in vitro studies including acute oral, acute dermal, primary dermal irritation, primary eye irritation, the mammalian erythrocyte micronucleus and chromosomal aberration tests, plus the Ames’ bacterial reverse mutation assay. A
sub-chronic repeated-dose 90-day toxicity study was conducted to determine the
no-observable-adverse-effect-level (NOAEL) of Merastin. The LD50 levels of
Merastin in Sprague-Dawley (SD) rats, as determined by the acute oral and acute
dermal toxicity studies, are >5,000 and >2,000 mg/kg body weight, respectively.
The primary skin irritation study (New Zealand rabbits) classified Merastin as
mildly irritating. Genotoxicity studies showed that Merastin is non-mutagenic. In
the repeated-dose 90-day oral toxicity study, SD rats administered with Merastin in
feed at 0, 0.08, 0.4 or 2.0%, were sacrificed on 0, 30, 60 or 90 days post supplementation. Body weight, food and water consumption, selected organ weights, ocular health, hematology, blood chemistry, clinical chemistry and histopathology
were assessed. No morbidity, mortality, or significant adverse events were observed
either during the course of the study or at 90 days. Based on these findings, the
NOAEL of Merastin is determined to be >2.0% (average >1,200 mg/kg of body
weight/day) of feed intake in male and female SD rats. These results, combined
with the tolerability of Merastin in the human clinical trials, demonstrate the broad
spectrum safety of Merastin.
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SAFETY EVALUATION OF COMMON PRESERVATIVES
USED IN CHILD-INTENDED CONSUMER PRODUCTS.

M. S. Banach, M. Whitehead, J. L. Doran, G. Goodfellow and J. Daniels.
Intrinsik Health Sciences Inc., Mississauga, ON, Canada.
Preservatives are used in consumer products for the purpose of preventing microbial growth and the spoilage of products. These substances are often associated with
concerns related to their safe use, particularly in child-intended products. Given the
widespread and variable use of preservatives in consumer products, a thorough toxicological assessment of the safety of this group of substances tailored to consumer
products is critical. The objective of this study was to evaluate the toxicology, exposure profiles, and use considerations for the most commonly used preservatives in
consumer products. We analyzed several hundred products including children-intended toys, art materials, and cosmetics and found that approximately 50% contained paraben-based preservatives, 20% contained methylchloroisothiazolinone/methylisothiazoline (MCI/MI) and the remainder contained
phenoxyethanol, bronopol or diazolidinyl/imidazolidinyl urea. These findings are
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in contrast to publically available assessments that suggest preservatives are primarily used in adult-intended products. Results of animal studies conducted to determine the developmental effects of parabens suggest that this group of substances
may have developmental and reproductive effects when used in sensitive populations. Further studies suggested that parabens may also cause sensitization reactions. Results of toxicology studies conducted using the preservatives MCI and/or
MI suggest that they may be acutely toxic via the oral and dermal routes of exposure. Using the results of these studies and exposure scenarios developed by our
group, we analyzed the margins of safety for use of these preservatives in children’s
products. Our analysis suggests that these preservatives are often present in childintended products at levels that exceed their safe level for use. The results of our
studies suggest that several preservatives found in child-intended consumer products have the potential to be a safety concern following foreseeable (mis)use and
emphasize the need for realistic exposure considerations for these types of products.
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GENETIC TOXICOLOGY DATA PLAY AN INTEGRAL
ROLE IN THE SAFETY ASSESSMENT OF DIETARY
SUPPLEMENTS CONTAINING NEW DIETARY
INGREDIENT(S).

N. Anyangwe1, D. Levy2, R. Gudi2, A. Abdel-Rahman2, E. Enongene2 and D.
Fabricant2. 1Oak Ridge Institute for Science and Education Fellowship Program,
Division of Dietary Supplement Programs, Center for Food Safety and Applied
Nutrition, US FDA, College Park, MD and 2Division of Dietary Supplement
Programs, Center for Food Safety and Applied Nutrition, US FDA, College Park,
MD.
Dietary Supplement Health and Education Act (DSHEA) of October 15, 1994
mandates the submission of a pre-market safety notification for dietary supplement
products containing new dietary ingredients (NDI, those not marketed in the US
before October 15, 1994) to FDA. The statutory framework emphasizes historical
use as evidence of safety of a new dietary ingredient (NDI). Other evidence of
safety includes published literature and unpublished toxicological studies including
genetic toxicity studies. The genetic toxicology data concerning the NDI can be
evaluated and interpreted in the context of documented history of safe use, if provided, and the proposed conditions of use. For example, if a botanical that is widely
used as a conventional food is positive in an in vitro genetic toxicology assay, using
the weight of evidence approach, its long history of safe use can balance the hazard
signal. On other hand, negative in vitro and in vivo genetic toxicology data on a test
substance derived from the root of a plant may be of questionable relevance for an
NDI derived from leaf because the two likely differ in their chemical composition.
Furthermore, a negative Ames test is of limited relevance for the safety assessment
of a botanical which contains methyleugenol and estragole that have been shown to
cause cancer in rodents but are also known to be negative in Ames and/or other
short-term studies. In general, these case studies indicate that genetic toxicology
data play an integral role in the safety assessment of a dietary supplement containing NDIs. In the draft New Dietary Ingredient Guidance for industry, the FDA
proposed genetic toxicity testing for some but not all NDIs.
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IS DERMAL SENSITIZATION FOR 1, 2BENZISOTHIAZOLIN-3-ONE [BIT] IN CONSUMER
PRODUCTS A CAUSE FOR CONCERN?

M. G. Lew, R. M. Novick, J. J. Keenan and D. J. Paustenbach. ChemRisk, LLC,
San Francisco, CA.
1,2-Benzisothiazolin-3-one (BIT, CAS # 2634-33-5) is a preservative in widely
used consumer products, such as sunscreen, laundry and dish detergents, and hard
surface spray cleaners. Dermal exposure to BIT is known to cause skin sensitization
and allergic contact dermatitis in animal and susceptible humans following specific
doses. In general, once an individual is sensitized (e.g., receives an induction dose),
the elicitation of a skin reaction may occur at lower exposures (e.g., μg/cm2). The
purpose of this study was to identify the concentration of BIT in various consumer
products where skin sensitization is unlikely to occur during normal use. It is well
established that the potential for skin sensitization is based on the mass of product
applied per unit area of skin (mg/cm2). In this study, the BIT exposure which was
thought to not pose a sensitization hazard (to those sensitized or not sensitized) was
estimated by dividing the NOEL for induction by a safety factor. Published data
from human patch test studies reported that the no expected sensitization induction level was 45 μg/cm2. We then assigned and applied safety factors for sunscreen
(300) and cleansing products (100) based on interindividual differences, the matrices, and the product use. The amount of product applied to the skin (mg/cm2) and
the estimated “safe doses” were used to calculate the concentration of BIT for sunscreen lotion, laundry detergent, dish detergent, and spray cleaner that would be
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unlikely to induce skin sensitization in any consumer. Our quantitative risk assessment results were compared to the BIT content in these consumer products to determine if they are likely to be safe for a majority of users.
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LOCAL TOLERANCE OF SUBCUTANEOUSLY
ADMINISTERED
2–HYDROXYPROPYL–β–CYCLODEXTRIN (HPβCD).

B. L. Soldo1, B. T. Walker1, J. Janusz1, L. Smith1, M. Luksic2, J. Daniels2 and
K. Peters1. 1Akebia Therapeutics, Cincinnati, OH and 2Intrinsik Health Sciences Inc.,
Mississauga, ON, Canada.
Cyclodextrins (CDs) interact with drug molecules to increase solubility and stability by forming inclusion complexes, thereby making CDs useful excipients for
pharmaceutical dosing. The nonclinical use of HPβCD has shown increased solubility and greater systemic safety relative to other CDs (primarily oral and IV data),
although data by the subcutaneous (SC) route are lacking in the literature. Local
toleration to SC injection can be a challenge due to local high concentrations
and/or volumes of the drug and vehicle excipient. In acute local tolerance studies
using Sprague-Dawley rats, SC injection of HPβCD or other excipient vehicles (including PEG400 and Poloxamer) resulted in injection site microscopic findings attributed largely to the vehicle, volume of vehicle, and/or the trauma caused by the
injection procedure. In contrast to control vehicles (0.9% Saline, 5% Dextrose)
with findings limited largely to subacute inflammation, SC injection of the excipient vehicle formulations resulted in varying incidence and severity of inflammation,
necrosis, and congestion at the injection sites. Adverse effects were most prominent
with SC injection of formulations in Poloxamer or PEG400. For HPβCD formulations (5% to 25%), SC injection was clinically well tolerated, while the severity of
inflammation and necrosis was slightly increased with higher concentrations of cyclodextrin. The severity and extent of local findings were also greater at larger injection volumes (3.5 mL/kg) relative to lower volumes (1 mL/kg). Repeat-dose toxicology studies in Sprague-Dawley rats and Beagle dogs confirmed the minor
injection site findings observed with 10% HPβCD at 1 mL/kg in local toleration
studies. Following drug-free recovery periods, inflammation and fibrosis persisted
at decreased severity whereas necrosis was absent at the injection sites. In conclusion, a 10% HPβCD formulation was well-tolerated locally and systemically following repeated SC administration at a dose volume of up to approximately 1
mL/kg in rats and dogs.
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POLYMERIC FLAME RETARDANTS: POSSIBLE LESS
HAZARDOUS ALTERNATIVES TO
DECABROMODIPHENYL ETHER?

C. Williams1, D. Krause1 and R. Freeman2. 1Environ International, Tampa, FL
and 2RFreeman Consulting, Inc., Tallahassee, FL.
Damages from the approximately 12 million fires per year in the United States,
Europe and China amount to nearly $317 billion. One contributing factor to the
increased incidence of fires is the widespread use of flammable plastics in electrical
and electronic devices found in residential and industrial products. Use of flame retardants (FRs) in plastics reduces the incidence of fire with the added benefit of reducing potentially toxic smoke emissions from fires that do occur – e.g., PAHs,
PCBs, PCDDs and PCDFs. Owing to health and environmental concerns, extensively-used halogenated FRs such as decabromodiphenyl ether, or decaBDE, are
being phased-out of commerce in the United States by 2013. As a consequence, FR
manufacturers have been considering alternatives to decaBDE. An approach to formulating newer and more environmentally-friendly brominated FRs is to produce
large molecular weight compounds – polymeric FRs – that are limited in their ability to cross biologic membranes and interact with cellular macromolecules. We reviewed the health and environmental effects of polymeric FRs, relying principally
on published data in the scientific literature. If information in the public realm was
lacking and/or available from industry sources – e.g., FR producers or suppliers –
health and environmental effects data were supplemented with such “in-house”
data where appropriate. Health effects studies reviewed included acute toxicity, subchronic and chronic toxicity, mutagenicity/genotoxicity, and carcinogenicity.
Environmental effects studies reviewed included aquatic toxicity, environmental
fate/transport, and environmental persistence/bioaccumulation. All health and environmental effects data for the polymeric FRs were compared to the corresponding
effects data for decaBDE. Results of the analysis indicated that, by most measures,
the polymeric FRs displayed a more favorable health and environmental profile
than decaBDE and thus may be a considered viable alternatives to decaBDE in
consumer and industrial products that require FRs.
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SAFETY ASSESSMENT OF CYTOSOL+™ BOTANICAL
METABOLITES AS AN ANTIDIARRHEAL AGENT.

S. B. Patel1, 2, C. Chen3 and G. Wu4. 1Product Solutions Research, Davis, CA,
2Animal Science, University of California Davis, Davis, CA, 3Animal Technology
Institute Taiwan, Miaoli, Taiwan and 4LiveLeaf Bioscience Corporation, San Carlos,
CA.
Botanical polyphenols are one of the largest and most ubiquitous groups of secondary metabolites that are an integral part of the human diet. Clinical studies shown
that polyphenol intake is associated with a reduced risk of cancers and cardiovascular and neurodegenerative diseases. Cytosol+™, comprised primarily of green tea
and pomegranate polyphenolic extracts, demonstrated significant gastrointestinal
health benefits and a broad-spectrum microbial inhibitory effect with very low
daily intake. An E. coli 0149:K88 challenge study in pigs showed a significant reduction in the severity and duration of pathogen induced diarrhea, reduced fecal
shedding, and increased proliferation of mucosal cells as evidenced by histometry.
Increased villi crypt depth in treated animals also suggests direct protective effects
on mucosal tissue. To evaluate the safety of Cytosol+™, a 28-day toxicology effect
in weaned SPF piglets was investigated. Piglets (n=10) were randomly divided into
three groups and orally inoculated either with water (control), or 50x or 500x of
daily treatment dosage of Cytosol+™. Clinical disposition, blood chemistry, and
histopathology were examined. Cytosol+™ did not show toxic effects at either dose
levels after 28 days chronic use. No significant difference in histological analysis of
the major organs was found. The safety and tolerability of oral administration of
Cytosol+™ was further evaluated in a clinical trial in patients with infectious diarrhoea. No adverse effects were observed in test subjects and results also indicated
that Cytosol+™ is more effective than conventional anti-diarrheal pharmaceutical
agents such as loperamide, anti-emetics and antibiotics. This study concluded that
Cytosol+™ had no toxicological effect up to 500 times the daily treatment dosage
and may serve as a safe and effective therapeutic alternative for gastrointestinal distress.
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EFFECTS OF EXPOSURE TO ETHYL TERTIARY BUTYL
ETHER AT LOW CONCENTRATIONS IN ALDH2
KNOCKOUT MICE.

R. Wang, K. Ohtani, Z. Weng and M. Suda. Japan National Institute of
Occupational Safety and Health, Kawasaki, Japan. Sponsor: N. Mei.
Ethyl Tertiary Butyl Ether (ETBE) is used by mixing with gasoline for vehicles.
ETBE is low toxicity and it’s No Observed Adverse Effect Level was thought to be
500 ppm in experimental animals. In our previous study, we found that in Aldh2
knockout mice, ETBE could induce damages in chromosomes and reproductive
system even at 500 ppm. The present study was aimed at clarifying if ETBE has any
effect on reproductive and other systems in mice at low concentrations. METHODS: Male C57BL/6 strain (WT), Aldh2+/- (HT) and Aldh2-/- (KO) at 8 weeks
were exposed to ETBE at 0, 50, 200 and 500 ppm, 6 hr/day and 5 days/week, for 9
weeks. Blood, liver, testes, epididymides and vasa deferentia were sampled 20 hr
after the last exposure. Sperm from the cauda epididymis and vas deferens were released into a medium, and sperm motion was analyzed. RESULTS: There was no
effect of ETBE exposure on the ratio of liver to body weight, and neither any
change in the hemotology in any exposure group. As for the reproductive system,
the ratio of testes or epididymides to the body weight was not observed for any
genotypes of mice. In WT mice, ETBE exposure did not affect the motility of
sperm. In HT mice, there was a significant decrease in the motile percentage and
some velocity parameters in 200 and 500 ppm ETBE exposure groups. However,
these effects were not significant in KO mice. These results suggest that ETBE may
show sperm toxicity at low concentrations. The genotoxic effect of ETBE will also
be discussed. We thank Ms. S. Watanabe for her assistance in the manipulation of
the animals.
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HAZARD EVALUATION OF A SHORT-CHAIN
FLUOROROTELOMER ALCOHOL PHOSPHATE
MIXTURE.

S. S. Anand1, T. L. Serex1, R. A. Hoke1, R. C. Buck2, C. Carpenter1, M.
Donner1 and S. E. Loveless1. 1Haskell, DuPont, Newark, DE and 2Chemicals and
Fluoroproducts, DuPont, Wilmington, DE.
The toxicity profile of a short-chain fluorotelomer alcohol phosphate mixture was
evaluated. This substance has low acute toxicity potential by the oral and dermal
routes (LD50 >5000 mg/kg), is not an irritant to the eye or skin, and did not cause
skin sensitization in the LLNA assay. It was not mutagenic in the Ames test or in
the in vitro chromosomal aberration assay. The 96-hour LC50 in fathead minnows
was > 120 mg/L, 96-hour LC50 in zebra fish was > 150 mg/L, 48-hour EC50 in

Daphnid was 16.2 mg/L, and 72-hour EC50 in algae was > 120 mg/L. The 21-day
no-observed-effect-concentration (NOEC) in Daphnid was 0.409 mg/L. The repeated dose toxicity potential was assessed by administering 0, 5, 25, and 125
mg/kg/day via oral gavage to SD rats for 28 days. Main study animals (10
rats/sex/group) were sacrificed at the end of the dosing period. One-Month
Recovery (5/sex/group) and toxicokinetic (5/sex in the 5 mg/kg/day group) animals
were sacrificed approximately one month after the dosing period. Some components of the test mixture and targeted metabolites were analyzed in serial blood
samples and liver and fat at necropsy from toxicokinetic animals. There were no test
substance-related adverse effects on in-life parameters, clinical pathology, gross observations, organ weights, and microscopic findings. The increase in liver (males
and females) and kidney (males) weights at 125 mg/kg/day as compared to controls
noted at the end of exposure period was not considered adverse as there were no
correlative microscopic findings. There were no organ weight changes following the
recovery period. At the end of exposure period, statistically significant increases in
plasma (25 and 125 mg/kg/day) and urine (all doses) fluoride levels were observed
in males and females. While plasma levels were similar to controls, urine levels at
125 mg/kg/day were statistically significantly higher than controls following recovery period. The NOAEL was 125 mg/kg/day. Overall, this short-chain fluorotelomer alcohol phosphate has low toxicity potential.
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EFFECTS OF SUBCHRONIC ADMINISTRATION OF
THE ETHANOLIC EXTRACT OF CARPOLOBIA ALBA
STEM ON SOME HAEMATOLOGICAL AND SERUM
LIPID PARAMETERS IN RATS.

E. A. Balogun, G. A. Gyebi, Y. E. Anifowose, D. Abijogun and J. O. Adebayo.
Biochemistry, University of Ilorin, Ilorin, Kwara, Nigeria.
The high cost of the potent antimalarials, artemisinin combined therapies, coupled
with the resistance of P. falciparum to other conventionally used antimalarials has
left the poor masses of the tropical regions of the world heavily reliant on herbal
preparations for the treatment of the devastating disease, without considering the
possible toxic effects. This study was aimed at evaluating the effect of subchronic
administration of the ethanolic extract of Carpolobia alba stem, an antimalarial
herbal remedy in Southwestern Nigeria, on some haematological and serum lipid
parameters that could serve as cardiovascular disease indices in albino rats. Twentyfive (25) albino rats were randomly divided into five groups (A, B, C, D and E) of
five rats each. Ethanolic extract of Carpolobia alba stem was administered to rats in
groups A, B, C and D at the doses of 31.25, 62.5, 125 and 250 mg/Kg body weight
respectively for twenty-one days while group E, which served as the control, received the appropriate volume of the vehicle (5% DMSO solution). At the end of
the experimental period, venous blood was collected from the animals and full
blood count coupled with serum concentrations of HDL-cholesterol, LDL-cholesterol, triglycerides, and total-cholesterol were determined. Also the atherogenic
index was calculated. The extract did not cause any significant alteration (P>0.05)
in the red blood cell indices, white blood cell indices and serum concentrations of
HDL-cholesterol, LDL-cholesterol, total-cholesterol and the atherogenic index at
all doses administered compared to controls while it significantly increased
(P<0.05) serum triacylglycerol concentration at the dose of 250 mg/Kg body
weight compared to controls. The results of this study suggest that Carpolobia alba
stem extract may not predispose subjects to cardiovascular diseases when administered below 250mg/kg body weight.
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TOXICOLOGICAL ASSESSMENT OF A PEDIATRIC
ORAL REHYDRATION SOLUTION (PEDIAONE™).

S. B. Patel1, 2, S. Z. Stone1, D. R. Hattey3 and K. Shah4. 1Product Solutions
Research, Davis, CA, 2Animal Science, University California Davis, Davis, CA,
3H:2O Innovations, LLC, Birmingham, MI and 4Allergy and Immunology, Pediatrics
Division, Mayo Clinic, Rochester, MN.
Diarrhea is a common illnesses in children, resulting in at least 200,000 U.S. hospitalizations and hundreds of deaths per year. UNICEF and WHO recommends
pediatric oral rehydration solutions (ORS) for therapeutic treatment of dehydration as well as zinc supplementation. PediaONE™ is a safe and effective zinc-supplemented ORS which also provides a recommended percent daily value of vitamins and minerals typically lost during dehydration: Vitamin C, calcium, Vitamin
B3, Vitamin B5, Vitamin B6, and Vitamin B12. To demonstrate the safety of
PediaONE™, we conducted a series of toxicology tests at a GLP compliance laboratory. Acute oral and acute dermal toxicity tests were conducted in rats to determine the potential for PediaONE™ to produce toxicity from a single dose via the
oral route and topical application. Under the conditions of these studies, the acute
oral LD50 of PediaONE™ is <5,000 mg/kg, and acute dermal LD50 of
PediaONE™ is <2,000 mg/kg. In a Primary Eye Irritation toxicity study in rabbits,
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minimal conjunctivitis was observed 1 hr after instillation, however irritation decreased thereafter. The Maximum Mean Total Score of PediaONE™ is 6.0 and was
classified as minimally irritating to the eye. In a Primary Skin Irritation toxicity
study in rabbits, very slight erythema was observed within 1 hr of patch removal,
however severity of irritation decreased thereafter. The Primary Dermal Irritation
Index for PediaONE™ is 0.2 and classified as slightly irritating to the skin. All animals were free of eye and dermal irritation by 48 hours. Throughout the studies all
animals appeared healthy and there were no other signs of gross toxicity, adverse
pharmacologic effects, or abnormal behavior. These studies demonstrate the safety
of PediaONE™, a novel pediatric oral rehydration solution.
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SUBACUTE EFFECTS OF ORAL LEAD ACETATE ON
BLOOD PARAMETERS AND GI MICROBIAL
ANTIBIOTIC RESISTANCE IN JUVENILE CHICKENS.

R. M. Gogal1, M. Nisanian1, R. Kerr1, E. K. Belgin1, S. D. Holladay1, C.
Tuckfield2, J. V. McArthur2, S. Williams3 and L. Stabler3. 1Department of
Anatomy and Radiology, University of Georgia, Athens, GA, 2Savannah River
Ecology Laboratory, University of Georgia, Savannah, GA and 3Population Health,
Poultry Diagnostic Research Center, University of Georgia, Athens, GA.
Lead (Pb) is a common heavy metal contaminant released into the environment
and can result in growth inhibition, reproductive retardation, immune suppression,
metabolic alteration, and impaired neurological function in chickens. Chickens are
an important animal model due to their close association with humans through
food production and consumption. Preliminary in vitro studies showed an unexpected increase in antimicrobial resistance in bacteria cultured with low levels of Pb.
The present study was conducted to determine if sub-acute oral exposure to Pb may
similarly alter microbial antibiotic resistance in gut bacteria of white Leghorn
chickens. Positive data would suggest increased difficulty managing pathogen outbreaks in flocks exposed to Pb. Fifty specific pathogen free Leghorn chickens (2
week old, male and female) were administered 0.0, 0.01, 0.1, 1.0, or 10.0 mM Pb
acetate through drinking water for 14 days. Birds were bled and weighed, and cloacal swab samples were taken on day 0, 7, and 14. Birds were euthanized on day 14
and sections of the liver, spleen, kidney, and brain were collected. Blood physiologic
parameters were not changed by Pb exposure with the exception of delta aminolevulinic-acid dehydratase (d-ALAD) activity, which was suppressed by Pb. Unlike
the in vitro results, no alteration in gut bacteria antibiotic resistance was observed in
the Pb-exposed birds. This difference from the in vitro results could be due to the
type (pathogen free) and age of the bird, the duration of Pb exposure, the form of
Pb administered, or differences between in vitro culture and in vivo environments
of the tested bacteria.
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SOLVING THE DATA INTEGRATION PROBLEM FOR A
SUPERFUND RESEARCH PROGRAM CENTER.

E. S. Peterson1, K. A. Hobbie2, M. L. Barton2, J. Walker1, K. A. Anderson2 and
K. M. Waters1. 1Pacific Northwest National Laboratory, Richland, WA and 2Oregon
State University, Corvallis, OR.
Superfund Research Programs (SRPs) are multi-disciplinary and multi-institutional
to leverage the best science and solve complex environmental health issues. Success
depends on the center’s ability to effectively integrate data across all research projects and cores. Our SRP Center has developed a system that integrates environmental monitoring data with the analytical core operational data and downstream
bioinformatics/statistics to enable complete ‘source to outcome’ data modeling.
The system incorporates commercial software for operational laboratory management (LIMS) and sample management in addition to custom software for bioinformatics, experimental data management and a web-store for sharing chemical standards to all researchers in the program. By creating a pipeline that integrates these
systems together into a seamless workflow, we are able to use one set of identifiers
throughout the workflow and keep data replication at a minimum. One successful
example, the chemical standards repository web-store, uses the LIMS database to
keep track of chemical inventory but maintains a separate data store for current requests and processing. For this workflow we’ve segregated the processing of sample
ids and chemical inventory so that we can easily incorporate other systems as necessary or easily replace any part of the workflow without rewriting the integration
code. Through this and other data integrations we have been able to generate more
repeatable and comparable results between projects while maintaining privacy and
quality assurance compliance. We’ve also created a tool set that easily reports statistics and status to our collaborators and grantors through the web. These successes
stretch our grant dollars by improving center efficiency and enhance collaboration
between cores and projects at OSU and PNNL, as well as ease project collaboration
with other organizations and governmental agencies. Supported by NIEHS grants
P42ES016465 and P30ES00210.
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CHEMICAL EFFECTS IN BIOLOGICAL SYSTEMS: A
TOXICOLOGICAL DATABASE.

L. A. Hall1, H. Gong2, A. Paleja2, A. Rashid2 and J. M. Fostel1. 1DNTP,
National Institute of Environmental Health Sciences, Research Triangle Park, NC and
2NTP Computer and User Support, Team Vistronix, National Institute of
Environmental Health Sciences, Research Triangle Park, NC. Sponsor: C. Smith.
The Chemical Effects in Biological Systems (CEBS) is a toxicological database with
a flexible design that can accommodate a wide variety of data types. CEBS houses
toxicological study data from the Division of the National Toxicology Program
(NTP), National Institute of Environmental Health Sciences and other government laboratories, pharmaceutical companies, and academic laboratories. NTP carcinogenicity and toxicology, genetic toxicology, immunotoxicology, as well as some
reproductive and developmental toxicology study data are all available in CEBS.
Also housed are the chemogenomics database DrugMatrix® data, microarray study
data, and phase I high throughput screening Tox21 data. CEBS is designed and
modified to accommodate new data and to meet the needs of the scientists in viewing, downloading, and searching data. CEBS stores raw data and contextual information — such as protocol information, dosing regimen, and subject characteristics — on each of the studies. The user interface allows a user to browse through the
list of studies, view studies, download data, and search for studies or subjects across
the database that meet personally chosen criteria. CEBS allows a user to gather animal data from different studies together for analysis. The number and diversity of
study types together with its searching capabilities makes CEBS different than most
other scientific databases. One of the advantages of CEBS is that the raw data from
studies is accessible to users. Raw data from toxicological studies can be viewed, extracted, and downloaded, permitting custom meta-analysis. CEBS also allows statistical meta-analyses on housed normalized data. As the NTP expands into different research areas such as epigenetics, genomics, and new technologies such as
next-generation sequencing, designed flexibility will permit integration of these
data within CEBS and continue to make CEBS a valuable tool for toxicologists.
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USING CTD TO DISCOVER AND PREDICT
MOLECULAR CONNECTIONS BETWEEN
ENVIRONMENTAL CHEMICALS AND HUMAN
HEALTH.

C. G. Murphy, A. P. Davis, C. A. Saraceni-Richards, M. C. Rosenstein, T. C.
Wiegers and C. J. Mattingly. MDIBL, Salisbury Cove, ME.
The Comparative Toxicogenomics Database (CTD: http://ctdbase.org/) is a freely
available resource (funded by the National Institutes of Environmental Health
Sciences) that promotes understanding about the effects of environmental chemicals on human health. Biocurators manually curate three types of data from the scientific literature: chemical (C)-gene (G) interactions, chemical (C)-disease (D) relationships, and gene (G)-disease (D) relationships. These data are then internally
integrated as well as externally combined with Gene Ontology (GO) and Pathway
(P) annotations to infer possible connections between all five components (C, G,
D, GO, and P). CTD has greatly expanded its curated content, in part, as a result
of a collaboration with Pfizer, Inc., involving the curation within one year of over
50,000 additional toxicology publications selected for four disease targets (cardiovascular, renal, hepatic, and neurological defects). These data are now integrated
and freely available to all CTD users. To help navigate and analyze this vast information, CTD provides statistical, analytical, and visualization tools that allow users
to retrieve, explore, and maximize the utility of the data, including a new feature
called “DiseaseComps” which complements our existing “ChemComps” and
“GeneComps” by identifying similar diseases, chemicals, and genes based upon
shared toxicogenomic profiles, respectively. We are also in the development phase of
curating and integrating phenotype (non-disease) and exposure data. Collectively,
CTD’s wealth of information, data integration strategy, and unique analysis tools
make it an unparalleled and flexible resource for understanding toxicology and developing hypotheses about the molecular mechanisms underlying environmental
diseases.
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TOXML, A COMMON DATA EXCHANGE STANDARD
FOR TOXICOLOGY.

M. L. Patel1, M. A. Ali1, D. Wilkinson1, P. N. Judson2, K. P. Cross3 and D. A.
Bower3. 1Lhasa Limited, Leeds, United Kingdom, 2Judson Consulting Service,
Harrogate, United Kingdom and 3Leadscope Incorporated, Columbus, OH. Sponsor:
C. Marchant.
With rapid scientific advances in toxicology and changing regulatory requirements,
the number of toxicity datasets available for those wishing to share and communicate knowledge, or to use for data mining and modelling is continually expanding.

The challenge with this ever-growing amount of data is that it exists in a multitude
of different formats, depending on its source and original purpose. Different databases covering the same endpoint may omit or use widely differing conventions to
structure and represent the same information. The issues of comparing or combining disparate data apply both to public and proprietary sources, and both historical
and newly generated data. It is often laborious for individuals and groups to restructure their datasets in order to supply them to different investigators. The
ToxML project addresses the need for a common data exchange standard that allows the representation and communication of this data in a well-structured electronic format to the user community. ToxML is an open standard based on the
Extensible Markup Language (XML) format. We describe the utility of ToxML as a
common data exchange standard for toxicology information, the mechanism for its
dissemination and its community-based development in the future. An example of
how ToxML is currently implemented and used in transactions involving large
quantities of repeat-dose study data is described. The standard is open and maintained by a curation team overseen by the ToxML organisation. The standard is
published on a website together with tools to view, edit and download it.
Contributions from the user community to the ongoing evolution of the standard
are facilitated in an open forum via a wiki on the website.
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EXTENDING THE DEREK-METEOR WORKFLOW TO
PREDICT CHEMICAL-TOXICITY SPACE IMPACTED BY
METABOLISM: APPLICATION TO TOXCAST AND
TOX21 CHEMICAL INVENTORIES.

P. Volarath, M. Martin and A. Richard. US EPA, Research Triangle Park, NC.
A central aim of EPA’s ToxCast project is to use in vitro high-throughput screening
(HTS) profiles to build predictive models of in vivo toxicity. Where assays lack
metabolic capability, such efforts may need to anticipate the role of metabolic activation (or deactivation). A workflow combining two structure-based expert systems
– Meteor (predicts bio-transformations) and Derek (predicts in vivo toxicity) – was
previously developed and applied to identify ToxCast Phase I chemicals likely to require metabolic activation for rat carcinogenicity (Rat Carc). Positive and negative
Derek predictions for the parent structures [P+, P-] and for the Meteor-generated
metabolites [M+, M-] were compared and validated using rat chronic study results
from ToxRefDB. In cases where Derek has implicit knowledge of metabolic activation requirements associated with a structural alert (SA), the parent chemicals and
associated metabolites are both predicted as rat carcinogens [P+/M+]. However, because the Derek knowledge-base is incomplete, some compounds trigger a positive
Derek prediction only after the parent compound is metabolically transformed by
Meteor, (i.e., [P-/M+]). We extended the workflow to combine metabolic activation-related knowledge implicitly contained in Derek SAs (through review of SA
narratives) with that implied by the [P-,M+] outcomes of the Meteor-Derek workflow. In principle, the extended workflow enables the extraction of a set of metabolic-activation (or deactivation) structural features in association with any Derek
toxicity endpoint. This cheminformatics workflow is being applied to the full
ToxCast Phase I&II (1060 unique chemicals) and Tox21 (>8600 chemicals) inventories to identify regions of chemical HTS space where in vitro to in vivo Rat Carc
associations are more likely to be impacted by metabolism. These results will be
used to enhance future predictive modeling efforts. This abstract does not necessarily represent US EPA policy.
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REVISITING THE TTC APPROACH FOR CANCER
ASSESSMENT: PART OF A ROAD MAP OF
COMPUTATIONAL METHODS AT US FDA CFSAN
OFAS.

J. Aungst1, K. Arvidson1, D. Rua2, D. Hristozov1, B. Mugabe1, E. Matthews1,
A. McCarthy1, C. Yang3 and M. A. Cheeseman1. 1CFSAN/OFAS, US FDA,
College Park, MD, 2CFSAN/OCAC, US FDA, College Park, MD and 3Atamira
LLC, Columbus, OH.
Alternative methods in risk assessment workflows are attracting attention due to international legislation on providing safety data for large numbers of chemicals. The
Threshold of Toxicological Concern (TTC) is one method of interest and was developed based on the Threshold of Regulation (TOR) policy of US FDA Center for
Food Safety and Applied Nutrition (CFSAN). TTC offers a pragmatic solution for
assessing the safety of low-exposure food-contact materials. The goal of this project
is to aid regulatory risk assessment procedures by refining the TTC process. The
first refinement is providing a cancer TTC dataset based on regulatory study review
criteria. This process helps gain better regulatory acceptance and supports building
a high quality training set for other computational methods. The Carcinogenicity
Potency Database (CDPB) was integrated into the Chemical Evaluation and Risk
Estimation System (CERES) database at CFSAN. Study details and TD50 values
were selected for the cancer TTC dataset only from studies in the CDPB that were

in accordance with defined regulatory criteria (e.g., test substance administration
route, duration, sample size, dose levels, lesion classification). The second refinement is to incorporate known genotoxic mechanisms into the TTC decision tree.
Positive and negative Ames assay data were curated from various databases. These
data were then incorporated into and analyzed as part of the cancer TTC dataset.
This analysis shows Ames positive carcinogens to be much more potent than Ames
negative carcinogens. This analysis has two additional benefits. (1)The qualification
of data through regulatory screening criteria increases the regulatory applicability
and acceptance of TTC methods. (2)Our methodology provides a mechanism for
incorporation of alternative and in vitro test methods into a regulatory risk assessment.
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CASE ULTRA: A NEW IN SILICO TOOL FOR
QUANTITATIVE PREDICTION OF BIOLOGICAL
ACTIVITY.

S. Chakravarti1, R. D. Saiakhov1, M. A. Fuller1 and G. Klopman1, 2. 1MultiCASE
Inc., Beachwood, OH and 2Department of Chemistry, Case Western Reserve
University, Cleveland, OH.
Purpose of this study was to demonstrate a novel approach to build quantitative
structure-activity relationships from diverse chemical structures with continuous
biological activity data in a fully automated fashion. This in silico tool can be successfully used for assessment of potential toxicity or beneficial therapeutic effects of
new drug candidates, impurities and metabolites. Case Ultra is a computer program based on an algorithm that extracts structure-activity knowledge from chemical databases completely automatically. Traditionally we have successfully used Case
Ultra mainly in predicting binary activity outcomes (e.g. active/inactive or
toxic/non toxic). Recently we have added a novel algorithm to Case Ultra to extend
its capabilities to predict activity/toxicity on the continuous scale. This immediately
makes the program equally useful in computational toxicology as well as in drug
design/discovery. The algorithm does need any prior knowledge of different structural classes present in the training set and automatically divides the training set
into representative classes and builds predictive QSARs for each class. We have applied Case Ultra to build predictive QSARs on very different benchmark datasets
namely PTP1B inhibition, Daphnia LC50, DHFR inhibition, Estrogen Binders,
COX2 Inhibitors etc. Besides being predictive Case Ultra also gives a very clear explanation of its predictions so that they are easily interpretable by chemists and toxicologists. The predictive performance and details of the QSAR models for different
end points (e.g. PTP1B inhibition, Daphnia LC50, DHFR inhibition, Estrogen
Binders, COX2 Inhibitors) are demonstrated. Various cross validation of the models shows a solid performance. For example average cross validated r2 of PTP1B
(132 chemicals) and DHFR (397 chemicals) models are 0.66 and 0.52 respectively.
Different chemical structural classes within each end point were also successfully
identified.
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OPEN SOURCE PLUG’N PLAY PREDICTIVE
MODELING METHODS USEFUL IN TOXICOLOGY.

L. Carlsson1, E. Ahlberg1, M. Eklund1, 2, O. Spjuth2 and S. Boyer1.
1Computational Toxicology, AstraZeneca, Mölndal, Sweden and 2Pharmaceutical
Biosciences, Uppsala University, Uppsala, Sweden.
There is a wide range of different tools that can be used to create and use predictive
models for toxicology related endpoints. For someone new to modeling and with
an interest in applying models to her or his own data it might be quit time consuming to find which method and tools that are most adequate. Some of the existing tools are also quite costly and it is often not clear if there is any additional benefit with the increased costs. Furthermore, legislation like REACH demands a
transparency which can be hard to fulfill for some of the commercial alternatives.
We have developed a method to assess chemical liability of compounds based on
data provided by the user of the system or by community models from for example
OpenTox, which we call BioclipseDS. The method was implemented in Bioclipse,
using the Chemistry Development Kit, the Signature descriptor and libsvm.
BioclipseDS has undergone more enhancements and can now be used as a plug’n
play modeling and prediction platform, freely available to anyone with an open
source that can be adapted to individual needs. The enhancements allow models to
be built very quickly when datasets are provided in the SD-file format. Models can
easily be built with thousands of compounds and based on different endpoints.
When used for predictions, BioclipseDS shows an integrated view and an overall assessment for all models. In an internal benchmark activity at AstraZeneca the
method described here was the best in five out of ten cases. It was also the only
method that could build a model on a data set with almost 100 000 compounds.
Additionally, in this case this method also reduced the root mean square error on an
external test set by almost 20% compared to the second best method. A selection of
public datasets has been evaluated and the results are reviewed so that comparisons
can be made of the performance of this method with other commonly-used modeling and prediction tools.
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IDENTIFICATION OF TESTICULAR TOXICITYRELATED RISKS IN EARLY DISCOVERY.

C. Hasselgren1, N. Powles-Glover2, S. Matis-Mitchell4, M. Clark4, M.
Haywood3 and S. Boyer1. 1Global Safety Assessment, AstraZeneca R&D, Mölndal,
Sweden, 2Global Safety Assessment, AstraZeneca R&D, Alderley Park, United
Kingdom, 3R&D Information, AstraZeneca R&D, Alderley Park, United Kingdom
and 4R&D Information, AstraZeneca R&D, Boston, MA.
Male reproductive toxicants, manifest as testicular toxicants, and are among the top
6 target organ systems that result in project delays during the preclinical phases of
drug development at AstraZeneca. Testicular toxicants are often not detected until
pivotal 1 month studies are run during the preclinical phase and as a consequence,
failures tend to be expensive, especially if the issue identified is related to the chemical scaffold of the development candidate. As such, there is a very clear incentive to
develop both in vitro and modeling methods to identify risks of testicular toxicity at
a much earlier stage. For this purpose, we have developed a warning system aimed
at testicular risk identification and mitigation. The warning system integrates data
text mined from both public and internal sources via the PharmaConnect
Knowledgebase. Using the knowledge base, compounds from public sources that
relate to testicular toxicology were identified and integrated with internal reports
(see poster on this method from Clark et al.). From these data, structural features
that correlated with testicular toxicology were identified and form one part of the
warning system as structural alerts. The second part is a predictive model of the in
vitro RARa antagonist activity. RARa antagonism has been linked to testicular degeneration and can be used as an early marker for potential in vivo issues. The
model is built on internal data and performance is in line with the experimental
error in the range 65-80% correct classifications with sensitivity being in the lower
range. In this study we present novel structural alerts related to testicular toxicology
and show how these are used together with the QSAR model for risk assessment.
We present performance statistics based on internal data and the application of a
weight-of-evidence approach to give overall risk assessments.
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CASE ULTRA: PREDICTIVE PERFORMANCE IN
ASSESSING THE POTENTIAL CARCINOGENICITY,
GENOTOXICITY, DEVELOPMENTAL TOXICITY AND
ADVERSE EFFECTS OF NEW DRUG CANDIDATES,
IMPURITIES, AND METABOLITES.

M. A. Fuller, R. D. Saiakhov, S. Chakravarti and G. Klopman. MultiCASE Inc.,
Beachwood, OH.
The purpose of this study was to apply novel approaches in the creation of a superior data driven expert system for in silico toxicology capable of dealing with large
sets of diverse chemicals with variable structural complexity without the necessity
for additional animal testing. Such a system could be used for the assessment of the
potential carcinogenicity, genotoxicity, developmental toxicity and adverse effects
of new drug candidates, impurities and metabolites. CASE Ultra advances the
MCASE fragment based approach, which breaks training set molecules into fragments with a predefined number of atoms and a predefined branching pattern.
CASE Ultra uses a proprietary algorithm that automatically identifies substructures
relevant to toxicity without having any limitation on their size or branching pattern. This results in increased exploratory capabilities and predictive performance
of the models. The non-proprietary training data used to build the models were
available through a Research Collaboration Agreement entitled “Enhancement of
In Silico Decision Support Tools for the Evaluation of Drug Safety” between
MultiCASE Inc and The US Food and Drug Administration’s Center for Drug
Evaluation and Research. The models within each expert system were grouped to
represent assays recommended by regulatory guidances. Validation experiments
were performed for each model individually and for groups of related models using
standard leave-group-out and y-scrambling methods. The predictive performance
of CASE Ultra carcinogenicity, genotoxicity, developmental toxicity and adverse effects expert systems is demonstrated. The results of our validations demonstrate a
solid predictive performance with more balanced sensitivity and specificity than
MC4PC, including overall concordance for Salmonella mutagenicity prediction
above 75%.
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PARTNERING PREDICTIVE TOXICOLOGY WITH
MEDICINAL CHEMISTRY FOR STRATEGIC DRUG
DISCOVERY.

L. J. McIntosh and C. Fishburn. Exponent Inc., Menlo Park, CA.
Translational research involves targeted drug design to address specific clinical challenges, and avoids the screening of large compound libraries. Improved in silico capabilities enable optimization of chemical structures by allowing prediction of
likely toxicities, sometimes replacing or supplementing early screening of compounds, and increasing efficiency.
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One strategy for drug design is to determine early if there are no-go predictions for
endpoints such as genotoxicity or LD50s, and to get information about metabolism, toxicity profiles or potential indications. Used together, this information can
lead to improved design of molecules without requiring the synthesis of large numbers of compounds. The SAR software program DEREK Nexus (Lhasa Ltd) predicts structural alerts for 40+ different health endpoints, giving a wide view of possible toxicity profiles. MetaDrug (Thomson Reuters) predicts 20+ health
endpoints, metabolites, and targets through structural similarity with subsequent
pathway analysis. There is also free-access prediction software such as MetaPrint for
metabolism, and the OECD QSAR toolbox for DNA binding, acute oral LD50s,
skin sensitization, etc.
To test the effectiveness of these tools for predictive toxicity screening, several antihistamines were compared against their known toxicity profiles, metabolites, and
safety and adverse effect profiles. Both DEREK and MetaDrug predicted the most
clinically significant effect, cardiotoxicity for terfenadine. DEREK outlines structural requirements and a hERG-specific mechanism, useful for medicinal chemists,
and MetaDrug compared degrees of cardiotoxicity among the submitted compounds, which can be useful for prioritization within a discovery portfolio. All metabolism programs predicted multiple metabolites, although none gave quantitative
results. LD50s and toxicology profiles were compared to the predicted relevant dose
range. Tabulated results show that combined use of predictive software can create a
working profile of viable drug candidates, therefore reducing the number of compounds synthesized, and improving efficiency in drug discovery.
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PERSONAL CHEMICAL EXPOSURE INFORMATICS:
CREATION OF A CONSUMER PRODUCTS CHEMICAL
INGREDIENT DATABASE.

R. Goldsmith1, C. Grulke1, T. Transue4, D. Chang1, R. Tornero-Velez1, C.
Dary2, K. Holm1, Y. Tan1, P. Egehgy1, J. Mitchell-Blackwood1, L. Phillips3 and
D. Vallero1. 1US EPA, Research Triangle Park, NC, 2US EPA, Las Vegas, NV, 3US
EPA, Washington, DC and 4Lockheed Martin-IT, Research Triangle Park, NC.
Humans are exposed to chemicals based on the activities they perform. While the
relationship between activities and far-field exposures have been greatly studied, an
individual’s near field exposures are difficult to ascertain because they vary based on
that individual’s personal product space. Key to understanding the relationship between activities and near-field chemical exposures is knowing which chemicals are
in common household products. To achieve this goal, a workflow for quickly populating and curating a “personal chemical exposure” database linking products with
their specific chemical components and ingredients was developed based on a large
repository of publicly available Material Safety Data Sheets (MSDS) from a major
retail chain (11,800 product MSDS). The resulting workflow utilizes Optical
Character Recognition (OCR), chemical name and CAS identification software,
and finally manually inspection through a straightforward multi-screen graphical
user interface (GUI) to provide highly accurate identification of a products chemical components. Used in conjunction with ubiquitous computing (i.e. smartphone
technology), 2D QR matrix codes, and bar-code scanner apps we demonstrate how
a product chemical ingredient database can be used to inform an individual of the
“Personal chemical exposure” by scanning real-life household/everday products
through the Augmented Reality for Exposure Awareness (AREA) tool. The workflow and tools are freely available allowing other to use the same techniques to create their own consumer product chemical database. The database, the first freely
available and chemically searchable consumer product database, has been integrated
into the Environment Protection Agency’s (US EPA) ACToR database for facile
query by the public. [This abstract has been cleared by the US EPA but solely expresses the view of the authors.]
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NBI: A KNOWLEDGEBASE OF NANOMATERIALBIOLOGICAL INTERACTIONS.

K. E. Cleveland1, B. J. Harper1, D. Keon2, B. Steinberg2 and S. L. Harper1, 3, 4.
1Environmental and Molecular Toxicology, Oregon State University, Corvallis, OR,
2Northwest Alliance for Computational Science & Engineering, Corvallis, OR,
3Environmental Health Sciences Center, Oregon State University, Corvallis, OR and
4Oregon Nanoscience and Microtechnologies Institute, Corvallis, OR.
A risk characterization framework to classify nanomaterials based on their physical
or chemical properties as well as their biological impacts is necessary to reduce the
uncertainty around potential nanomaterial hazards. Structure-property relationships that can be used to predict nanomaterial impacts in lieu of empirical data can
provide significant support for the nanotech industry in developing safer nanomaterials. Knowledge on the governing principles of nanomaterial-biological interactions can more effectively be utilized once computational tools are available for data
integration and consensus analysis. The Nanomaterial-Biological Interactions
(NBI) knowledgebase was developed to consolidate and integrate disparate data on

nanomaterial effects in model systems and provide unbiased informatics approaches to identify the relative importance of characterization parameters on biological effects. The NBI serves as an open data repository for nanomaterial characterization, synthesis, and biological interactions, and houses a reference dataset
from embryonic zebrafish evaluations on over 200 distinct nanomaterials. This is
currently being complemented with the inclusion of data from other animal models and test systems. Various data mining and computational tools are used to organize the existing body of data in a systematic and logical way. The goal is to identify nanomaterial structure-property relationships that can be used to determine
which material features can be altered to gain functionality in a predictable manner.
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ROCHE NONCLINICAL SAFETY DATA INTEGRATION
(SDI) PLATFORM.

A. Brigo1, R. Maloney2, A. Nanzer2, M. Kansy1, T. Weiser1, B. Roberts2 and T.
Singer1. 1Nonclinical Safety, Hoffmann-La Roche Ltd., Basel, Switzerland and
2Nonclinical Safety Informatics, Hoffmann-La Roche Ltd., Basel, Switzerland.
Today, drug discovery and development programs involve the generation of large
amounts of in vitro and in vivo data, with the goal to ensure that potential drug
candidates meet all the requirements needed to become new medicines. A significant part of the produced data comes from Non-Clinical Safety (NCS) organizations, whose efforts are aimed at ensuring that selected clinical candidates possess a
suitable safety profile.
In modern drug discovery fast and easy access to information is essential for data
analysis, knowledge generation, interpretation of results and hypotheses assessment.
While in vitro data can be easily made accessible by a number of available IT solutions, the interaction with and the visualization of in vivo data generated by nonclinical safety (NCS) studies represent a real challenge. On one hand, each in vivo
NCS study generates a number of specific data types, which are separately stored in
independent Laboratory Information Management Systems (LIMS).
Roche decided to commit to the Safety Data Integration (SDI) project with the
clear goal to provide NCS experts with an application permitting rapid and easy
electronic access to all relevant in vivo NCS data, seamlessly integrated from active
and decommissioned safety applications adopted in pertinent Roche sites worldwide.
The deployment of the SDI system to Roche scientists allowed them to have complete access to more than 3,500 in house in vivo studies and to perform highly complex queries such as: “Which compounds showed a 200% increase in Aspartate
Aminotransferase AND a 30% increase in liver weight AND necrosis in liver?”
Roche, together with its partners, developed a fully integrated platform, which is
currently unique in the non-clinical safety framework and represents the gold standard for in vivo NCS data repository, visualization and analysis.
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WHERE THE RUBBER MEETS THE ROAD: A
PRACTICAL METHODS COMPENDIUM FOR RISK
ASSESSORS.

O. Kroner and L. Haber. Toxicology Excellence for Risk Assessment (TERA),
Cincinnati, OH.
The Alliance for Risk Assessment Dose-Response Framework is a new interactive
tool for selecting a dose-response technique based on the risk assessment’s problem
formulation, data availability, and regulatory context. With an abundance of dose
response techniques available, and the rapid rate of new method development, it
can be challenging for a risk practitioner to be aware of all relevant methods to address a specific problem formulation, and even more challenging to select the appropriate method(s). The Framework builds on the risk-assessment framework proposed by the National Academy of Sciences’ Science & Decisions: Advancing Risk
Assessment (2009), to provide a “roadmap” of current dose-response evaluation
techniques. Methods are systematically organized into three categories; qualitative
decision, quantitative screening decision, and in-depth assessment. Within each
category, the risk assessor is guided to methods that address key issues, such as
Mode of Action assessment, vulnerable population assessment, endogenous/background exposure, and data integration. Methods interlink with case studies to illustrate real-world application, and summaries that outline the minimum data requirements, and evaluate the method’s ability to address human variability, sensitive
populations, and background exposures or responses. Given the ever-evolving
progress of risk science, the ARA Dose-Response Framework is envisioned as an
evergreen database, providing the necessary flexibility to grow and adapt over time.
A standing panel is envisaged to guide future content development. The
Framework
is
currently
available
in
draft
form
at:
http://allianceforrisk.org/Workshop/Framework/ProblemFormulation.html.
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DATA QUALITY MANAGEMENT FOR RISK
ASSESSMENT OF A REMEDIAL INVESTIGATION.

C. Julias and N. Luke. Camp Dresser & McKee Inc., Edison, NJ.
The quality of environment data collected and analyzed at a contaminated site is
crucial in assessing risks to human health and the environment, as well as establishing cleanup levels. Data quality management should be implemented in all stages of
a remedial investigation (RI), including field investigation, data evaluation and validation, database development/management, and data usability for risk assessment
and other data users. Poor data quality used in risk assessments will result in expensive re-sampling, costly delays to remedial efforts, or worst yet, unnecessary remedial actions. Starting from the field investigation, a FORMS II Lite or Scribe software is used to minimize errors and shorten the sample documentation process. In
addition, environmental data management software, such as Scribe and
Environmental Quality Information System (EQuIS), provides automation for
electronic data deliverable checks and submissions, including data verification of
field parameters and validation of analytical data. Using these softwares and working closely with engineers, geologists, chemists, and other project team members
throughout an entire RI will minimize errors and reduce costs. A case study demonstrates that an effective data management program has resulted in a significant cost
saving. Most importantly, an effective data management in all stages of a RI ensures
the high quality of data used in risk assessments; consequently, it provides technically sound and legally defensible risk management decisions.
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THE CHEMICAL SECURITY ANALYSIS CENTER:
MODELING PUBLIC HEALTH CONSEQUENCES OF
RELEASE AND DISSEMINATION OF TOXIC
CHEMICALS.

J. Moser1, 2, R. Jablonski1 and D. Howell1, 2. 1Chemical Security Analysis Center,
Aberdeen Proving Ground, MD and 2Battelle Memorial Institute, Columbus, OH.
The Department of Homeland Security (DHS) is mandated to develop and implement a capability for providing chemical threat awareness and assessment as applied
to homeland security issues. The Chemical Security Analysis Center (CSAC), a
knowledge management center under the DHS, was established to meet these
needs. One area of focus for the CSAC is science and technology based assessments
of specific hazards. The CSAC develops toxicologically informed comprehensive
hazard assessments to determine expected public health impacts of the release of
toxic chemicals. As part of the hazard assessment, the CSAC uses a series of computer modeling and dispersion tools to develop plausible scenarios that provide a
realistic appraisal of acute public health consequences following the release of
chemicals at various locations. Models predict population exposure and toxic effects
for a given chemical, location, dissemination method, route of exposure, and
amount of chemical released, in the presence or absence of effective countermeasures. Key modeling parameters are identified for each scenario that, when adjusted, produce larger or smaller numbers of exposures. Taking into account physical properties, mechanism of action, toxicity, environmental persistence, diagnostic
and detection capabilities, and treatment options for each chemical, results of the
consequence modeling are analyzed and used to guide medical mitigation decisions. This presentation will discuss a number of models the CSAC utilizes to develop scenarios such as release of chemicals in transportation hubs, office buildings,
chemical production facilities, transportation vehicles, and in food or water.
Models include the US Department of Defense (DoD) Hazard Prediction
Assessment Capability model, the DoD Consequences Assessment Tool Set, the
Sandia National Laboratories Facilities Weapons of Mass Destruction Decision
Analysis Capability model, and the Los Alamos National Laboratory Quick Urban
and Industrial Complex Dispersion Modeling System.
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MODELING TOXICITY VALUES USING CHEMICAL
STRUCTURE, IN VITRO SCREENING, AND IN VIVO
TOXICITY DATA.

J. Wignall1, A. Sedykh1, A. Tropsha1, T. J. Woodruff2, L. Zeise3, I. Rusyn1, V.
J. Cogliano4, W. A. Chiu4 and K. Z. Guyton4. 1University of North Carolina at
Chapel Hill, Chapel Hill, NC, 2University of California, San Francisco, CA,
3California EPA, Oakland, CA and 4US EPA, Washington, DC.
More than 80,000 chemicals are in use in the US and Europe. While quantitative
human health toxicity values have been established for only a small fraction of these
compounds by Federal agencies, additional bioactivity data on these and other
chemicals are available, including from the large-scale toxicity screening efforts of
the Tox21 partnership. Our goal is to develop a quantitative approach that uses a
combination of chemical structural information, in vitro screening, and/or in vivo
animal toxicity data to predict human toxicity and carcinogenicity potency values
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for the many thousands of environmental chemicals lacking comprehensive toxicological data and/or human health risk assessments. First, we compiled the data (e.g.,
species, sex, endpoint, range of doses/concentrations, duration of study, etc.) associated with the> 700 chemicals with derived US or California EPA human health
toxicity values (e.g., cancer potencies, reference doses and concentrations). Second,
the availability of additional in vitro and animal in vivo data for the same compounds was examined. The greatest overlap (~50-70%) was found to exist with
databases of rat LD50, Ames genotoxicity, and in vitro cytotoxicity screening conducted by the National Toxicology Program. Next, we used the latter data as independent variables to develop both chemical structure-based and hybrid (chemical
structure and in vitro and in vivo data) models for predicting toxicity values. We
posit that values derived through such models can not only aid prioritization of yet
untested compounds for additional study, but may support decision-making for environmental contaminants. As additional toxicological data are generated, their
ability to refine provisional estimates can be evaluated in a value-of-information approach. Disclaimer: The views expressed in this abstract are those of the authors
and do not necessarily represent the views or policies of the US or California EPA.
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NANOMATERIAL TOXICITY SCREENING IN
DEVELOPING ZEBRAFISH EMBRYOS.

S. L. Frady1, K. A. Houck1, A. Wang1 and S. Padilla2. 1National Center for
Computational Toxicology, ORD, US EPA, Research Triangle Park, NC and
2National Health Environmental Effects Research Laboratory, ORD, US EPA,
Research Triangle Park, NC.
To assess nanomaterial vertebrate toxicity, a high-content screening assay was created using developing zebrafish, Danio rerio. This included a diverse group of nanomaterials (n=42 total) ranging from metallic (Ag, Au) and metal oxide (CeO2,
CuO, TiO2, ZnO) nanoparticles, to non-metallic nanomaterials (SiO2 nanoparticles and carbon nanotubes), as well as micro and ion counterparts. Overt toxicity
(lethality, dysmorphology, and hatching) was assessed via visual inspection and/or
high-content imaging analysis. At 5-7 hours post fertilization, individual embryos
were treated in a 96-well plate with the testing material (8 doses, semi-log spacing,
n≥3 at each dose). Solutions were renewed daily until 5 days post fertilization (dpf )
when the larvae were placed into embryo rearing solution only. At 6 dpf, dysmorphology was assessed via visual inspection. Following visual inspection, fish were
euthanized and positioned, and images were recorded and analyzed on the
ArrayScan IV automated microscopy system using the Zebratox V3 bioapplication.
Results showed little to no overt toxicity, with a few exceptions: some of the nanoAg and nano-CuO compounds produced dose-related overt toxicity. This result was
also seen in the Ag and Cu ions; however, in general, metal salts were more toxic
than their corresponding nanoparticles at the same metal mass concentration. Also,
nano-ZnO and ZnCl2 did not typically cause lethality or dysmorphology, but did
delay hatching. By employing few larvae per dose, we were able to assess toxicity for
a relatively large number of different materials, demonstrating the utility of highcontent screening of whole organisms as a valuable platform for nanomaterial or
other chemical toxicity screening. These results will be combined with data from
other ToxCast screening assays for nanomaterials to more fully characterize bioactivity and toxicity. This abstract does not necessarily reflect US EPA policy.

nano-TiO2 at 500 μg/L under different spectral filters showed the following order
(standardized to no filter): SWG(92%) > 345 nm(57%) > 360 nm(15%) >
AG(4%) > 400 nm(0%). Photocatalytic ROS production by nano-TiO2 showed
similar order (standardized to no filter): SWG(100%) > 345 nm(92%) > 360
nm(69%) > AG(6%) > 400 nm (0%). An excellent correlation (r = 0.94, p<0.001)
was found between the immobilization of D. magna and ROS production.
Intracellular ROS production was consistent with D. magna immobilization,
strongly suggesting oxidative stress was involved in the phototoxicity. Our findings
demonstrate that phototoxicity of nano-TiO2 can occur under natural solar radiation. We have also identified the activating wavelength for nano-TiO2 photoactivation – a critical component of risk assessment for TiO2.
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D. Carlander2, K. Wiench1, R. Tantra3, T. Galloway4 and S. Friedrichs2.
1Product Safety, BASF SE, Ludwigshafen, Germany, 2Nanotechnology Industries
Association, Brussels, Belgium, 3National Physical Laboratory, Teddington, United
Kingdom and 4University of Exeter, Exeter, United Kingdom.
The OECD’s Working Party on Manufactured Nanomaterials has a Sponsorship
Programme, where 13 nanomaterials are to be tested for a number of human health
and environmental safety endpoints. PROSPECT (Ecotoxicology Test Protocols
for Representative Nanomaterials in Support of the OECD Sponsorship
Programme) is a public-private-partnership to generate data by addressing gaps in
the current knowledge of physical-chemical and ecotoxicological properties of zinc
oxide (ZnO). PROSPECT developed protocols and collected data for four types of
ZnO from the EU repository. ZnO was characterized as delivered and as used in the
test systems for the following properties: Agglomeration/aggregation, Water
Solubility/Dispersibility, Crystalline phase, Dustiness, Crystallite size,
Representative Electron Microscopy picture(s), Particle size distribution, Specific
surface area, Surface chemistry, Photocatalytic activity, Pour density, Porosity,
Redox potential and Radical formation potential. To guarantee reliable results a
harmonized handling procedure was established. ZnO was tested comparing different standardised preparation and dispersion protocols alongside bulk and soluble
formulations. Exposure test was conducted with zebrafish (Danio rerio), rainbow
trout (Onchorhynchus mykiss), the crustacean Daphnia magna and the sediment
dwelling amphipod Corophium volutator. Bio-accumulation and uptake were
measured using stable isotope fingerprinting and elemental analysis, combined with
Transmission Electron Microscopy and Coherent Anti-Stokes Raman Spectroscopy
for label-free imaging of particles. Sublethal effects were explored across different
levels of biological organisation, combining unbiased screening of the metabolome
with more focused, functional studies of targeted pathways. Results highlight in
particular subtle effects of ZnO on mechanisms of feeding rate and behaviour, with
metal formulation a more relevant predictor of toxicity than size or aggregation.
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PHOTOTOXICITY OF TITANIUM DIOXIDE
NANOPARTICLES (NANO-TIO2) TO DAPHNIA MAGNA
IS DEPENDENT ON SOLAR UV SPECTRUM.

ECOTOXICOLOGY TEST PROTOCOLS FOR
REPRESENTATIVE NANOMATERIALS—THE
PROSPECT RESULTS FOR ZINC OXIDE.

EMBRYOLARVAL EXPOSURE TO TITANIUM DIOXIDE
NANOPARTICLES IN THE PPB RANGE PRODUCES
PHOTO-DEPENDENT TOXICITY.

H. Ma, A. Brennan and S. A. Diamond. Mid-Continent Ecology Division, US
EPA, Duluth, MN.

O. Bar-Ilan1, 2, C. Chuang1, D. J. Schwahn1, R. Hamers2, J. Pedersen2, R. E.
Peterson1, 2 and W. Heideman1, 2. 1Division of Pharmaceutical Sciences, University
of Wisconsin-Madison, Madison, WI and 2NSEC, University of Wisconsin-Madison,
Madison, WI.

Phototoxicity of nano-TiO2 has become an important concern as the material can
be photoactivated under environmental UV radiation and generate reactive oxygen
species (ROS). In this study, we investigated photocatalytic ROS production and
phototoxicity of nano-TiO2 to Daphnia magna under simulated solar radiation
(SSR). Our hypotheses were that: i) phototoxicity of nano-TiO2 is ROS mediated
and will be correlated to photocatalytic ROS production by the material; ii) photocatalytic ROS production and phototoxicity of nano-TiO2 is dependent on the UV
spectrum within SSR (i.e., only certain wavelengths are able to photoactivate nanoTiO2). D. magna was exposed to nano-TiO2 under different solar UV spectrum by
applying a series of spectral filters (i.e., standard window glass (SWG), acrylic glass
(AG), 345 nm, 360 nm, and 400 nm cutoff filters) within SSR. Photocatalytic
ROS production was measured by APF [3’ (p-aminophenyl) fluorescein] assay, a
fluorescent-based ROS assay with great specificity to OH. Phototoxicity was evaluated by immobilization of D. magna. Intracellular ROS production was determined
by H2DCFDA assay. Greatest phototoxicity occurred when no spectral filter was
applied, with a 48-h LC50 of 180 μg TiO2/L. Immobilization of D. magna by

Titanium dioxide nanoparticles (TiO2NPs) are able to absorb photons to produce
electron-hole pairs that react with O2 and H2O to form reactive oxygen species
(ROS). We found that exposure to 100-1000 μg/ml TiO2NPs when illuminated
over a 5 d period resulted in mortality and sublethal morphological malformations
as a result of photo-induced oxidative stress. In this study, we exposed embryonic
zebrafish to environmentally relevant concentrations of two commercial brands of
TiO2NPs for 23 d during metamorphosis. We show that a long-term, low-dose
(0.001-10 μg/ml) exposure to both brands of illuminated TiO2NPs causes toxicity
in zebrafish larvae, whereas the same particles are relatively inert in the absence of
light. Larvae were assessed for various endpoints of toxicity at 12 and 23 days postfertilization (dpf ). Exposures to illuminated particles produced dose- and photodependent mortality and delays in the metamorphic development process.
Furthermore, exposures to both brands of particles led to increased levels of an oxidative stress marker in 12 and 23 dpf larvae when illuminated. Histopathological
examination of the larvae demonstrated that illuminated TiO2NP exposures cause
proliferative and necrotic branchitis in the gills, as well as skin and hepatic necrosis.
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Both brands of TiO2NPs were taken up into the developing larvae and were found
most consistently in the liver, gut, and gills. Interestingly, we show that depuration
of TiO2NPs is possible as Ti levels return to baseline, survival rates stabilize, and oxidative stress is reduced when larvae are placed into nanoparticle-free H2O for 7 d
following the 23 d exposure period. To our knowledge, this is the first study to
show a photo-dependent toxic response to low doses of TiO2NPs during the metamorphic development period. Our study reveals that the potency of TiO2NPs is
much higher than previously shown and that the phototoxic effect is inherent to
TiO2NPs regardless of the brand (Funded by NSEC).

manner with 24h exposure of Cd2+ or CdTe, while p53 expression was reduced
after exposure. Taken together, our results indicated that DNA repair pathways are
affected by Cd2+ and CdTe and provide evidence that the adverse effects of CdTe
QDs were similar to those resulting from ionic cadmium toxicity in aquatic organisms.
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EFFECT OF CITRATE-COATED TIO2 NANOPARTICLE
SIZE ON EMBRYO TOXICITY IN ZEBRAFISH.

M. Kim1, K. Louis2, J. A. Pedersen3, R. J. Hamers2, R. E. Peterson1 and W.
Heideman1. 1Pharmacy, University of Wisconsin-Madison, Madison, WI, 2Chemistry,
University of Wisconsin-Madison, Madison, WI and 3Molecular Environmental
Toxicology Center, University of Wisconsin-Madison, Madison, WI.
TiO2 nanoparticles (NPs) are used in a wide range of applications and concern has
increased about the potential hazard of these particles to humans and the environment. At present, little information is available about the possible risks of exposure
to TiO2NPs. We have investigated the effect of particle size on the toxicity of
TiO2NPs in the zebrafish embryo. Three different sizes of citrated-coated TiO2NPs
(primary particle size = 5, 12 and 19 nm) were used. Embryos (4-120 hpf ) were exposed to graded concentrations of these citrate-coated TiO2NPs under either simulated sunlight illumination or in the dark. Citrate-coated TiO2NPs of all three sizes
caused photo-dependent toxicity. Embryos exposed to 5 nm particles under illumination exhibited higher mortality than those exposed to 12 or 19 nm particles. To
gain insight into the mechanism, we measured the hydrodynamic size of citratecoated TiO2NPs aggregates and compared Ti uptake in the embryos. After 24h the
hydrodynamic diameters of TiO2NP aggregates, measured by dynamic light scattering, increased from 28 to 63 nm (12 nm NPs) and from 22 to 111 nm (19 nm
NPs). In contrast, the hydrodynamic diameter of aggregates of 5 nm NPs increased
to a much smaller extent (from 15 to 23 nm). Ti body burden, measured by ICPOES, in embryos exposed to 19 nm NPs appeared to be higher than the Ti levels in
embryos exposed to smaller NPs when compared at the same particle number concentration, but was not different at the same citrate-coated TiO2NPs mass concentration. Aggregation can affect the degree of toxicity and uptake. Therefore further
research is required on the correlation between aggregate size and toxicity. Our results indicate a photo-dependent toxicity of citrate-coated TiO2NPs to zebrafish
embryos with the smaller particle being more toxic than the larger particle. This
work was supported by NSEC (NSF grant No. DMR-0425880) and EPA Star
Program (RD-83386001-0).

S. Yang1, K. M. Louis2, O. Bar-Ilan3, R. J. Hamers2, R. E. Peterson3, 1, W.
Heideman3, 1 and J. A. Pedersen4, 1. 1Molecular and Environmental Toxicology,
University of Wisconsin-Madison, Madison, WI, 2Chemistry, University of WisconsinMadison, Madison, WI, 3School of Pharmacy, University of Wisconsin-Madison,
Madison, WI and 4Soil Science, University of Wisconsin-Madison, Madison, WI.
Titanium dioxide (TiO2) nanoparticles (NPs) are currently used in applications
ranging from cosmetics to photovoltaics. Production volumes of TiO2 NPs are expected to surpass 10,000 tons per year by 2014, and release into the environment is
inevitable. Upon absorption of ultraviolet light, TiO2 NPs can generate reactive
oxygen species (ROS). ROS can cause disease and death through the induction of
oxidative stress. We recently functionalized TiO2 NPs with amphiphilic ligands to
prevent the access of water to the NP surface decreasing hydroxyl radical production. We hypothesized that upon exposure to simulated sunlight (1) NPs functionalized with amphiphilic ligands induce less toxicity in developing zebrafish than
NPs functionalized with hydrophilic ligands, and (2) fish exposed to NPs functionalized with amphiphilic ligands exhibit less oxidative stress response than those exposed to NPs with hydrophilic ligands. To test these hypotheses, we exposed zebrafish embryos to graded NP concentrations from 4-6 to 120 hours post
fertilization under a metal-halide lamp designed to simulate sunlight underwater.
Throughout the assay, mortality, incidence of malformations, and Ti body burden
were assessed. Suspension stability was assessed by dynamic light scattering.
Initially, NPs bearing hydrophilic ligands had larger hydrodynamic diameters (dh)
than those with amphiphilic ligands, but, by the end of the 24-h exposure period,
no difference in dh was observed. At the highest TiO2 NP concentration examined,
NPs with amphiphilic ligands caused much less mortality than those with hydrophilic ligands. These results also hold true at the same TiO2 body burden. The
impact of amphiphilic functionalization on the formation of oxidized DNA will
also be discussed.
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CADMIUM AND CDTE-QUANTUM DOT ALTERS DNA
REPAIR IN ZEBRAFISH (DANIO RERIO) LIVER CELLS.

S. Tang1, H. Chibli2, Q. Cai1, V. Allagadda1, K. Germ1, J. Nadeau2 and G. D.
Mayer1. 1The Institute of Environmental and Human Health, Texas Tech University,
Lubbock, TX and 2Department of Biomedical Engineering, McGill University,
Montréal, QC, Canada.
Cadmium tellurium quantum dots (CdTe QDs) are long-lived fluorescence
nanocrystals that are gaining rapid expansion due to their revolutionizing applications in electronic and medical applications. Increasing use of QDs hastens the
need to study their toxicological implications since the toxicological parameters of
QDs are not well defined and their mechanisms of action are not clear. The purpose
of the present study was to compare the effects of Cd (as dissolved CdSO4) and
CdTe on the resulting pattern of DNA repair in hepatocytes exposed in vitro. The
number of viable cells and Cd2+ accumulation were determined for different Cd2+
and CdTe concentrations. The effects of Cd2+ and CdTe on the induction and removal of BPDE-DNA adducts were investigated after Cd2+/BPDE and
QD/BPDE co-exposures via a HPLC/fluorescence assay. Changes in expression of
XPC and XPA (nucleotide excision repair, NER), OGG1 (base excision repair,
BER) and p53 (cell cycle arrest) were also measured to provide insight on the mode
of action of both forms of cadmium. After 24 h of Cd or CdTe exposure, hepatocytes showed an exponential accumulation of Cd. The dose-dependent correlation
between cell viability and intracellular [Cd2+] of CdTe was similar to Cd2+, implying its cytotoxcity could be attributed to the release of free Cd2+ from the QD core.
With respect to adduct formation, both Cd2+ (except of 50μM) and CdTe reduced
the generation of DNA lesions. Both Cd2+ (except of 50μM) and CdTe increased
the removal of adducts in a dose-dependent manner. Our results also showed that
the expression of XPC, XPA and OGG1 genes were induced in a dose dependent

IMPACT OF AMPHIPHILIC FUNCTIONALIZATION ON
THE TOXICITY OF TITANIUM DIOXIDE
NANOPARTICLES IN ZEBRAFISH EMBRYOS.

UPTAKE OF QUANTUM DOTS IN FATHEAD
MINNOWS, PIMEPHALES PROMELAS, OVARIAN
EXPLANT CULTURES.

C. Lavelle1, M. Hahn2, K. Siebein3, R. Weil1, K. Kroll1, K. Powers2 and N.
Denslow1. 1CEHT, University of Florida, Gainesville, FL, 2PERC, University of
Florida, Gainesville, FL and 3MAIC, University of Florida, Gainesville, FL.
The need for understanding the interactions of nanomaterials (NMs) with biological systems is evident, as their use in a variety of applications including cosmetics,
electronics, and biomedicine is increasing. Of specific importance is the biological
fate of NMs in aquatic organisms, particularly in fish, for which much is not yet
understood. Previous research has shown that particle characteristics such as size
and surface chemistry (including plasma protein coatings) influence biological fate
and ultimately the overall effects. One class of NMs of interest are quantum dots
(QD) which are structurally composed of a semiconductor core and shell that can
be modified by the addition of different functional groups. The goal of this study
was to determine what particle surface characteristics and physiological conditions
allow for uptake of QDs into developing oocytes or their follicle cells in vitro.
Oocytes were collected from mature female fathead minnows (FHMs) and transferred to a 12-well plate with approximately even numbers of oocytes in each well.
Assay conditions and supplementation was methodically varied in regards to the
presence of carp pituitary extract, hCG (25 I.U./well), QDs (80 nM, ± plasma containing 14mg/mL vitellogenin), and thecal cell layer condition (removed or intact).
Oocytes were incubated for 6-48 hours and some cells were removed for confocal
microscopy while the rest were preserved for histology and transmission electron
microscopy (TEM). Confocal images of tissues following different treatments, including thecal layer removal or plasma incubation of QDs (+hCG), suggest that
QDs may be taken up into oocytes/follicle cells in vitro. TEM analysis will be used
to confirm the localization of the QDs within the oocytes /follicle cells. This assay
has the potential to be a valuable tool in high-throughput screening of NMs that
may cause direct toxicity to the oocyte or perturb the functions of the follicle cells.
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MULTIGENERATIONAL IMPACTS OF CARBON
NANOMATERIAL EXPOSURE ON THE MODEL
ORGANISM DAPHNIA MAGNA.

D. A. Arndt and R. Klaper. School of Freshwater Sciences, University of Wisconsin
Milwaukee, Milwaukee, WI.
We examined how carbon nanomaterial core structure and surface chemistry influence the toxicity of these materials to the progeny of an exposed F0 generation of
Daphnia magna. F0 daphnids were exposed to various types of carbon nanomaterials with different core structures and functionalizations. Chronic toxicity was measured on the parent population by evaluating mortality and reproductive parameters
over a 21-day period. In addition, the impact of carbon nanomaterials in the presence of additional environmental stressors was evaluated by running experiments
under ideal population conditions or highly dense population conditions. The
neonates produced by the F0 generation were raised for an additional 21-day period
and mortality and reproduction were assessed. This was repeated for the next 3 generations of Daphnia. Data indicate that some carbon nanomaterials can have an impact on the reproductive capacity of future generations of daphnids from exposed
parents. However, preliminary data also indicate that daphnia populations can recover within three generations after the exposure has been removed. Future experiments will look at the mechanism by which nanomaterial exposure may impact
these subsequent generations of daphnids after a parental exposure.
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THE BIOLOGICAL RESPONSE OF MULTIWALLED
CARBON NANOTUBES IN DIFFERENT DISPERSANTS.

H. Haniu1, N. Saito2, Y. Matsuda3, Y. Kim4, K. Park1, T. Tsukahara5, Y. Usui6,
K. Aoki5, M. Shimizu5, N. Ogihara5, K. Hara5, S. Takanashi5, M. Okamoto5
and H. Kato5. 1Institute of Carbon Science and Technology, Shinshu University,
Matsumoto, Japan, 2School of Health Sciences, Shinshu University, Matsumoto,
Japan, 3Clinical Pharmacology Educational Center, Nihon Pharmaceutical
University, Ina-machi, Japan, 4Faculty of Engineering, Shinshu University, Naganoshi, Japan, 5School of Medicine, Shinshu University, Matsumoto, Japan and 6Research
Center for Exotic Nanocarbons, Shinshu University, Matsumoto, Japan. Sponsor: T.
Kadota.
To date, there are many reports about the cytotoxicity of multi-walled carbon nanotubes (MWCNTs). However, the results are still controversial. As the one reason,
various dispersants are used by each researcher. Therefore, we clarified influence of
the dispersants of MWCNTs on the cellular uptake and the cytotoxicity. First, we
examined the cytotoxicity, MWCNTs uptake and cytokine secretion to MWCNTs
in three different dispersants (gelatin, carboxylmethyl cellulose and 1,2Dipalmitoyl-sn-glycero-3-phosphocholine) on human bronchial epithelial cells
(BEAS-2B). Cytotoxicity was measured by alamar blue assay and cellular uptake of
MWCNTs and cytokine secretion were analyzed using flow cytometry. Next, we researched that the relationship between the cellular uptake of MWCNTs and cytotoxicity using different two cell lines, BEAS-2B and human malignant pleural
mesothelioma cells. We found that the cellular uptake of MWCNTs was different
for each of the three dispersants and that the level of cytotoxicity and inflammatory
response correlated with the cellular uptake of MWCNTs. The relationship between the cellular uptake of MWCNTs and cytotoxic effects was observed in two
different cultured cell lines. Notably, the cellular uptake of MWCNTs that induced
cytotoxicity at each of the exposed IC50 values for the MWCNT-dispersant combinations were constant in the two cell lines. These results indicate that different dispersants affect MWCNT uptake into cells, and that cytotoxicity depends cellular
uptake of MWCNTs, not depends exposed dosage such as IC50 value. It suggests a
possibility that toxicity appear depending at time even if the exposure of MWCNTs
is the low concentration because MWCNTs are biopersistent.
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THE IN VITRO EFFECTS OF SILICA NANOPARTICLES
ON MOUSE MACROPHAGE MORPHOLOGY AND
FUNCTION.

S. Bancos, J. L. Weaver and K. M. Tyner. Center for Drug Evaluation and Research,
US FDA, Silver Spring, MD.
Silica (SiO2) nanoparticles (NPs) are hard core, durable NPs that are being proposed as drug delivery devices for cancer therapy. SiO2 NPs accumulate in
macrophages of clearance organs after systemic administration and may not be fully
cleared after administration. We determined if accumulation of SiO2 NPs (7 nm) in
mouse macrophages impact their morphology and function in vitro. RAW 264.7
and J774.A cells were exposed to SiO2 NPs (0.001 g/L- 0.1 g/L) for variable time
intervals (24h – 72h) and their viability, proliferation, and function were evaluated.
Our results show that exposure to high concentrations (0.01- 0.1 g/L) of SiO2 NP
induced cell death as measured by plate based and flow cytometry viability assays.
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Lower concentrations (0.001 to 0.005 g/L) of SiO2-NPs significantly reduced cell
proliferation by ~ 4 fold as compared to control cells as shown by Coulter counter
measurements. Interestingly, SiO2 NPs induced a heterogeneous cell size distribution in RAW cells. Exposure of RAW cells to 0.005 g/L SiO2 NPs also induced a 2
fold increase in the number of macrophages larger than 20 μm as measured by
Coulter counter. The SiO2 NP induced cell size increase was also confirmed by confocal microscopy. Cell surface activation markers (CD40, CD80 and CD86) did
not show significant changes in expression when dosed with SiO2 NP (0.0025 to
0.01 g/L). Phagocytosis assays in SiO2 NP-treated macrophages were performed
using fluorochrome conjugated E.coli. Bacterial uptake was assayed by flow cytometry and results show that SiO2 NPs did not impair phagocytosis at 0.01 g/L. The
results indicate that SiO2 NP exposure can impact macrophage cell morphology
and proliferation in vitro, but does not appear to impact activation markers and
phagocytosis as indicators of macrophage function.

311

MODULATION OF IL-8 ACTIVITY UPON LIPID RAFT
DISRUPTION AND NANOPARTICLE EXPOSURE.

C. Thach and J. N. Finkelstein. Environmental Medicine, University of Rochester,
Rochester, NY.
With the increase in production of engineered nanomaterials, researchers are discovering that there is a direct impact of these nanomaterials on the cell membranes.
The cell membrane contains many different types of lipids and proteins responsible
for numerous cell functions. The assembly of cholesterols and sphingolipids within
the membrane forms microdomain structures known as lipid rafts. Lipid rafts contain many receptors that are involved in regulating cytokine production. Studies
have shown that engineered nanomaterials can erode the membrane and create
holes. We hypothesized that nanoparticles can interfere with cellular signaling by
inhibiting the assembly of receptors on the lipid rafts. Using alveolar epithelial cells
containing an Interleukin-8 promoter Luciferase construct, we were able to evaluate the ability of charged nanoparticles to alter cytokine gene expression elicited by
a secondary stimulus. We exposed cells to charged nanoparticles, followed with
stimulation of the IL-8 promoter with the proinflammatory cytokine tumor necrosis factor-α (TNF-α). We then used endocytic inhibitors and cholesterol depletors
to determine if the nanoparticles rely on endocytosis and membrane cholesterol to
alter the TNF-α stimulated IL-8 promoter. Cell lysis products were collected to assess for intracellular proteins and IL-8 promoter expression. Additionally, cells were
exposed to nanoparticles after adding TNF-α to determine if the nanoparticles can
disrupt cellular signaling upon receptor activation. We found that cationic
nanoparticles are able to reduce the IL-8 promoter activity despite exposure to the
endocytic inhibitors. When membrane cholesterol is removed from the cells, all the
effects of the nanoparticles disappeared. Furthermore, these nanoparticles can only
disrupt signaling prior to receptor activation with TNF-α. Our studies demonstrated that cationic nanoparticles can disrupt cellular signaling in a cholesterol dependent manner. It is also possible that cationic nanoparticles can interfere with the
receptor assembly on lipid rafts, thereby disrupting cellular signaling.
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EVALUATION OF OXIDATIVE STRESS AND APOPTOSIS
IN THE LIVER FOLLOWING A SINGLE
INTRATRACHEAL INSTILLATION OF CERIUM OXIDE
NANOPARTICLES IN MALE SPRAGUE DAWLEY RATS.

S. Nalabotu1, 2, N. Manne1, 2, M. Kolli1, 2, G. Nandyala2, R. Para2, M.
Valentovic1, J. Ma3 and E. Blough1, 2. 1Department of Pharmacology, Physiology,
and Toxicology, Joan C. Edwards School of Medicine, Marshall University,
Huntington, WV, 2CDN, Marshall University, Huntington, WV and 3HELD,
NIOSH, Morgantown, WV.
Cerium oxide (CeO2) nanoparticles appear to exhibit antioxidant properties which
have led some to suggest that these particles may be used to treat medical conditions that are associated with increases in oxidative stress. Conversely, other in vitro
and in vivo work has suggested that exposure to CeO2 nanoparticles can, at least
under certain conditions, lead to increases in oxidative stress. Herein we attempt to
explore the underlying mechanism of this finding. To this end, 7-week old male
Sprague Dawley rats (n=72) were randomized to one of two groups: CeO2
nanoparticle (20 nm diameter) instillation (7 mg/kg in 300 μl normal saline) or
age-matched saline control (300 μl normal saline). After instillation, animals were
sacrificed at 1, 3, 14, 28, 56 and 90 days (n=6/group). Compared to saline-control
animals, the concentration of malondialdehyde (MDA) per gram of liver tissue in
CeO2 exposed animals was 25%, 31% and 20% higher at days 1, 3, and 90 post
exposure (p<0.05) but unchanged at days 14, 28 days and 56. The increases in lipid
peroxidation at day 1 and 3 were associated with 32% and 10% increases in the Bax
to Bcl-2 ratio (P<0.05) while the ratio of Bax to Bcl-2 was 55%, 62%, and 47%
lower at days 14, 28 and 56 (P<0.05). Compared to saline-control, the levels of
cleaved caspase-3 (17 kDa and 19 kDa fragments) were by 32% higher and 49%

higher (P< 0.05) at days 1 and 3 before being decreased by 35%, 25%, 20%, and
7% at days 14, 28, 56, and 90 respectively (P<0.05). Taken together, these data are
suggest that the initial response of the liver to intratracheal instillation of CeO2
nanoparticles is characterized by increased oxidative stress and caspase-3 activation
at days 1 and 3 post exposure. Whether these events are associated with hepatic
apoptosis and subsequent tissue remodeling is currently under investigation.
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AFTERGLOW ZNS:CU, AG CONJUGATED TO
PHOTOSENSITIZE NANOPARTICLES INDUCES
CYTOTOXICITY AND DNA DAMAGE ON HUMAN
BREAST CANCER CELLS.

X. Zou, L. Ma, M. Hossu and W. Chen. Physics, University of Texas at Arlington,
Arlington, TX.
BACKGROUND: Photodynamic therapy (PDT) has been widely used for skin
cancer treatment, but rarely for deep tumor due to the issue of light penetration. A
new PDT-agent system in which the light is generated by afterglow nanoparticles
(NP) with attached photosensitizers, which making PDT impossible for deep cancer treatment. Data on the toxicological properties of the afterglow NP (such as,
ZnS:Cu, Co and ZnS:Cu,Ag) are incomplete. The aim of the current study was to
evaluate these afterglow NP-induced cytotoxicity and genotoxicity in human breast
cancer cells following 4, 24 or 48 hours exposure to afterglow-NP. METHODS:
Water soluble afterglow nanoparticles are synthesized by colloidal chemistry methods and the quantum yields and emission spectra will be measured. The NP- photosensitizers conjugates are coated with biodegradable polymers (DL-lactide-co-glycolide; PLGA) and the tumor destruction are monitored using bioluminescence
imaging. Its potential cellular uptake by the tumor cells and assess their resultant
toxicity will investigate with human breast cancer cell line (MCF-7) using MTT
assay and CometAssay. RESULTS: The NP and photosensitizers were localized into
the cells in the perinuclear region after a 24-hour incubation period. The NPs or
photosensitizers only have no cytotoxicity. However, cytotoxicity was increased significantly when both NPs and photosensitizers were encapsulated into PLGA NPs
using MTT assay and CometAssay. Further observations using a multiparameter
cytotoxicity assay indicate that the NPs/photosensitizers-loaded PLGA NPs may induce the effect of toxic oxidative stress on cancer cells. CONCLUSIONS: The
PLGA coated only ZnS:Cu,Ag and the free photosensizer have no cytoxicity effect
using MTT assay and CometAssay. The ZnS:Cu,Ag- photosensizer -loaded PLGA
microsphere induced the effect of toxic oxidative stress in MCF-7 cell line. The results of this study suggest that ZnS:Cu,Ag- photosensizer afterglow NPs PLGA microspheres represent potential and promising photodynamic therapy agents for
deep cancer treatment.
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PROTEIN EXPRESSION PROFILES OF INTESTINAL
EPITHELIAL COCULTURES AFTER LOW-LEVEL
EXPOSURE TO FUNCTIONALIZED CARBON
NANOTUBES.

X. Lai1, B. Blazer-Yost2, 1, J. Clack3, S. Fears4, S. Mitra5, S. Addo Ntim5, H.
Ringham1 and F. A. Witzmann1. 1Cellular & Integrative Physiology, Indiana
University School of Medicine, Indianapolis, IN, 2Biology, Indiana
University–Purdue University Indianapolis, Indianapolis, IN, 3Biology, Indiana
University–Purdue University Columbus, Columbus, IN, 4Sensient Bio-Ingredients,
Indianapolis, IN and 5Chemistry & Environmental Science, New Jersey Institute of
Technology, Newark, NJ.
To assess the biological effects of dispersible, functionalized carbon nanotube
(CNT) exposure in an in vitro model simulating the digestive tract, Caco-2/HT29MTX cell protein expression was quantified and compared using label-free quantitative mass spectrometry (LFQMS). Co-cultured cells (75% Caco-2, 25% HT29MTX) were exposed to well-characterized carboxylated single-wall carbon
nanotubes (SWCNT-COOH), carboxylated multi-wall carbon nanotubes
(MWCNT-COOH), and poly(vinylpyrrolidone) (PVP) polymer functionalized
multi-wall carbon nanotubes (MWCNT-PVP) for 48 hr at 500 pg/mL & 10
μg/mL. Proteins were extracted from the cells, reduced, alkylated, and proteolyzed.
Tryptic peptides were analyzed by LC-MS/MS, acquired data searched against the
International Protein Index (IPI) human database using SEQUEST algorithms in
Bioworks, and peptide/protein identities validated by the Trans-Proteomic Pipeline.
Protein quantitation and statistical analyses were performed using the LFQMS
platform IdentiQuantXL™. Of the 5,008 proteins that were globally identified
with >90% confidence, the expression of 2,444 unique proteins was compared
across the dose groups. Among these, 428 proteins were differentially expressed
(P<0.01). At the high dose, the extent of differential protein expression was CNTspecific and directly related to CNT colloidal stability. Surprisingly, cells responded
to low dose MWCNT-PVP exposure with 3-fold greater differential expression

than the high dose. Bioinformatic analysis indicated significant and CNT-specific
effects on relevant functional networks and canonical pathways, with little overlap
across CNT type and in the absence of overt toxicity. Supported by NIEHS
RC2ES018025.
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COMPARATIVE STUDY ON ANTIBACTERIAL
EFFICIENCY AND CYTOTOXICITY OF VARIOUS TYPES
OF ION-DOPED TITANIUM DIOXIDE
NANOPARTICLES.

R. Maniratanachote1, K. Hinthong2, K. Kulthong1, C. Warin1, D. Waraho2, K.
Viravaidya2 and P. Kajitvichyanukul2, 3. 1National Nanotechnology Center, National
Science and Technology Development Agency, Klong Luang, Pathumthani, Thailand,
2Department of Biological Engineering, King Mongkut’s University of Technology
Thonburi, Toongkru, Bangkok, Thailand and 3Department of Civil Engineering,
Naresuan University, Muang, Phitsanulok, Thailand.
Visible light absorbing titanium dioxide (TiO2) has been widely accepted photocatalyst in harnessing solar energy for photocatalysis process. Doping TiO2 with
non-metal or metal ions is one of the most efficient methods to shift the spectral response of TiO2 from UV to visible light region. Efficiency and safety of the these
materials are important selection criteria for further commercial uses. In this study,
chromium- (Cr-TiO2), nitrogen- (N-TiO2) and carbon-doped TiO2 (C-TiO2)
nanoparticles were investigated on their antibacterial efficiency in S. aureus and E.
coli and their toxic effects in human skin epithelial (A431) cells. The nanoparticles
were firstly subjected to physical and chemical characterizations such as light absorption by UV spectrophotometer, morphology by TEM, chemical composition
by EDX, crystal structure by XRD, hydrodynamic diameter by DLS as well as photocatalytic activity by DPPH assay. The results showed that all types of ion-doped
TiO2 nanoparticles can absorb both UV and visible light. N-TiO2 nanoparticles
showed the highest photocatalytic activity in correlation to their antibacterial effects against S. aureus and E. coli under visible light followed by C-TiO2 and CrTiO2, respectively. Using CCK-8 and DCF assays, N-TiO2 and C-TiO2 demonstrated their ability to reduce cell viability and to generate ROS in A431 cells,
respectively, in a concentration-dependent manner. The higher effects can be seen
in Cr-TiO2. Beside their photocatalytic ability under visible light, it is interesting
that non-metal-doped (N-TiO2 and C-TiO2) showed higher antibacterial efficiency but lower toxicity to A431 cells than metal-doped (Cr-TiO2) particles. The
results from this study can be used as a selection guidance of ion-doped TiO2
nanoparticles for specific applications.
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DEVELOPMENT AND IN VITRO BIOACTIVITY
PROFILING OF ALTERNATIVE SUSTAINABLE
NANOMATERIALS.

S. Gangwal1, A. Richter2, A. Wang1, C. Frangville3, M. Rutkevicuis3, V.
Paunov3, O. Velev2, K. Houck1 and E. Cohen Hubal1. 1National Center for
Computational Toxicology, US EPA, Research Triangle Park, NC, 2Chemical and
Biomolecular Engineering, North Carolina State University, Raleigh, NC and
3Chemistry, University of Hull, Hull, HU6 7RX, United Kingdom.
Sustainable, environmentally benign nanomaterials (NMs) are being designed as alternatives based on functionality to conventional metal-based nanomaterials
(NMs) in order to minimize potential risk to human health and the environment.
Development of rapid methods to evaluate the potential hazard of alternatives before entering the marketplace is critical for informing material design and utilization. Cellular based high-throughput screening (HTS) assays, currently being utilized in the ToxCast chemical screening project, are valuable to evaluate the
differences in the bioactivities of conventional NMs and their alternatives.
Preliminary research has focused on development of nanoparticles (NPs) from natural biopolymer materials that will maintain integrity for intended applications and
then rapidly degrade post-use. These NMs, infused with active components, would
become inert after use and could serve as novel NM platforms in oral drug delivery
or environmental remediation. Biodegradable cellulose and lignin NPs have been
synthesized by an environmentally-friendly water-based antisolvent precipitation
process based on pH-jump. The hydroxpropyl methylcellulose phthalate NPs
(~200-300 nm in diameter) dissolve above pH ~ 5.5 limiting their potential applications. However, the synthesized lignin NPs (~30-100 nm in diameter) have been
stabilized up to pH ~ 9, allowing them to be stable in physiological conditions for
their intended use and in the HTS assays (pH ~7.2). The next phase of research will
focus on further characterizing lignin NPs and evaluating bioactivity of infused particles pre- and post-use using ToxCast assays. This research takes an innovative and
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proactive approach to enhance the safety of materials, inform hazard assessment upstream, and move nanotechnology toward sustainability based on green chemistry
principles. This abstract may not necessarily reflect US EPA policy.
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EFFECTS OF CERIUM OXIDE NANOPARTICLES ON
DIESEL EXHAUST PARTICLES—INDUCED
PULMONARY RESPONSES.

J. Y. Ma1, R. R. Mercer1, M. Barger1, J. K. Ma2 and V. Castranova1. 1NIOSH,
Morgantown, WV and 2West Virginia University, Morgantown, WV.
Diesel exhaust particles (DEP) are the major constituent of ambient particulate that
are known to induce lung inflammation and injury. When using cerium compounds as diesel engine catalyst to lower DEP emission, cerium oxide nanoparticles
(CeO2) were detected in the exhaust. Our previous studies have shown that CeO2
not only induces pulmonary inflammation, but also lung fibrosis. In this study, we
investigated the effects of CeO2, DEP and their combination on pulmonary responses pertaining to lung inflammation and fibrosis. Male Sprague Dawley rats
were exposed to DEP with or without CeO2 (20% w/w) by a single intratracheal
instillation and sacrificed at 1, 10 and 28 days after exposure. Bronchial alveolar
lavage (BAL) was performed; cellular and acellular fractions of BAL fluid were obtained; and particle-induced lung inflammation, cellular toxicity, and alveolar
air/blood barrier damage were determined through monitoring PMN infiltration,
LDH activity, and albumin content in the first BAL fluid. The DEP-induced responses were acute and transient, peaked at 1-day after exposure, but significantly
declined at 10- and 28-day post exposure. However, CeO2+DEP induced inflammatory responses were found persistent throughout the 28-day exposure period.
DEP-exposed alveolar macrophages induced oxidant and nitric oxide generation
and proinflammatory cytokine, TNF-α and IL-12, production. The presence of
CeO2 markedly reduced DEP-induced cellular responses. At 28 days post exposure,
CeO2- and CeO2+DEP-exposed lungs showed significantly induced phospholipidosis and hydroxyproline content in lung tissues. Morphological analysis showed
that both DEP and CeO2+DEP demonstrated granulomatos lesions. However,
there were more cells and collagen in CeO2+DEP- than DEP-exposed lungs. These
results suggest that exposure of rats to CeO2+DEP induced sustained inflammatory
lung injury and enhanced fibrotic development compared to exposure to DEP
alone. These findings suggest potential health effects of CeO2 when used as diesel
engine catalyst are of concern.
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COMPARISON OF THE GLOBAL GENE EXPRESSION
OF RAT LUNG INHALED MANUFACTURED
NANOMATERIALS: ULTRAFINE NICKEL OXIDE, C60
FULLERENE, AND CARBON NANOTUBES.

K. Fujita1, 2, M. Fukuda2, Y. Morimoto3, A. Ogami3, T. Myojo3, I. Tanaka3,
M. Shimada4, W. Wang4, S. Endoh2, K. Uchida1, H. Fukui1, M. Shichiri1, M.
Horie3 and H. Iwahashi5. 1National Institute of Advanced Industrial Science &
Technology, Tsukuba, Japan, 2Technical Research Association for Single Wall Carbon
Nanotubes, Tsukuba, Japan, 3University of Occupational & Environmental Health,
Kitakyushu, Japan, 4Hiroshima University, Higashi Hiroshima, Japan and 5Gifu
University, Gifu, Japan.
In tis study, comparative analyses of gene expression profiling of the rat lung after
whole-body inhalation exposure to ultrafine nickel oxide (Uf-NiO), C60 fullerene,
multi or singlewall carbon nanotubes (MWCNTs or SWCNTs) for 6 h a day, for 4
weeks were performed to gain insights into the influence of MNs on the pulmonary
system at a molecular level. DNA microarray analysis revealed that high expression
of genes associated with chemokines and response to oxidative stress were induced
by Uf-NiO at both 3 days and 1 month post-exposure. Mmp12 (macrophage metalloelastase) were significantly upregulated at both 3 days and 1 month post-exposure. The results suggest that Uf-NiO lead to acute inflammation for the exposure
period, and the damaged tissues are repaired in the post-exposure period. Few genes
involved in the inflammatory response, response to oxidative stress, apoptosis, and
metalloendopeptidase activity were upregulated by C60 fullerene or SWCNTs at
both 3 days and 1 month post-exposure. C60 fullerene or SWCNTs might not have
a severe pulmonary toxicity under the inhalation exposure condition. Meanwhile,
MWCNTs induced high expression of genes involved in chemokines, Mmp12 and
Mmp7 (matrilysin) at 3 days post-exposure. The expression levels of genes involved
in inflammatory chemokines were significantly higher than those of SWCNT or
C60 fullerene exposure under the conditions. These results were consistent with
neutrophil count or chemokine levels in bronchoalveolar lavage fluid (BALF).
Hierarchical clustering of gene expression associated with chemokines revealed that
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candidate MNs-induced genes (i.e., Ccl2, Ccl3, Ccl7, Ccl22, Cxcl1, Cxcl2, and
Cxcl6) were identified as potential acute-phase inflammatory biomarkers in the
lung tissue.

319

LONG-TERM PHARMACOKINETICS AND
BIODISTRIBUTION OF SILICA NANOPARTICLES
USING ACCELERATOR MASS SPECTROMETRY IN
VIVO.

H. Palko1, 3, 4, E. Kuhn1, 4, W. Wang2, 4, S. Retterer2, 4, K. Turteltaub1, 4 and M.
Malfatti1, 4. 1Biosciences and Biotechnology Division, Physical and Life Sciences,
Lawrence Livermore National Laboratory, Livermore, CA, 2Oak Ridge National
Laboratory, Oak Ridge, TN, 3Battelle, Columbus, OH and 4Battelle Center for
Fundamental and Applied Systems Toxicology (B-FAST) Multi-scale Toxicology
Initiative, Battelle, Columbus, OH.
Nanoparticles and their use for commercial applications are continuing to increase,
especially for diagnostic and therapeutic purposes in the biomedical field. However,
to date, the toxicity and biological fate of nanoparticles have not been thoroughly
investigated; this information is critical for translation of nanoparticles for clinical
use. Silica nanoparticles are used for many biological applications including imaging and as drug delivery vehicles. In this work, Accelerator Mass Spectrometry
(AMS), an ultrasensitive technique for quantifying long-lived radioisotopes, is used
to measure the long-term biodistribution and pharmacokinetic properties of silica
nanoparticles after administration in vivo. 14C-Labeled (t1/2=5730 yrs) carboxylated silica nanoparticles (33nm) were administered as a single bolus i.v. dose to
male mice. AMS was used to quantify the tissue distribution and pharmacokinetic
parameters over an eight week period. Within eight hours after dosing, nanoparticles were cleared rapidly from the bloodstream, but were retained in organs of the
reticuloendothelial system, including the liver, spleen, bone marrow and lymphatic
tissue. Small amounts of nanoparticles were also observed in other peripheral organs and in excreta. These results demonstrate that silica nanoparticles can accumulate in organs upon entering the blood stream and that AMS is a powerful tool
to assess the long-term pharmacokinetics and biodistribution of nanomaterials in
vivo. This work performed under the auspices of the U.S. Department of Energy by
Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344
and supported by LLNL CRADA No. PNNL/284.
LLNL-ABS-500511
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TISSUE-SPECIFIC GENOTOXICITY OF TITANIUM
DIOXIDE NANOPARTICLES EVALUATED USING THE
IN VIVO COMET ASSAY.

W. Ding1, M. E. Bishop1, J. Yan1, G. White2, J. A. Bhalli1, R. Sadiq1, Y. Li1
and T. Chen1. 1Division of Genetic and Molecular Toxicology, US FDA/National
Center for Toxicological Research, Jefferson, AR and 2Toxicology Pathology Associates,
US FDA/National Center for Toxicological Research, Jefferson, AR.
Nanosized titanium dioxide (nanoTiO2) is one of the most widely used nanomaterials. Although TiO2 is chemically inert, it can cause lung cancer in rats. The
International Agency for Research on Cancer (IARC) recently classified TiO2 as
possibly carcinogenic to humans (class 2B), based on sufficient evidence in experimental animals. Considering that nanosized TiO2 materials are much more reactive than its bulk materials, a genotoxic evaluation of nano-TiO2 is necessary because the genotoxicity data are required for the cancer risk assessment. In the
current study, we evaluated the tissue-specific genotoxicity of 10 nm TiO2
nanoparticles and the possible mechanisms for their genotoxicity using in vivo
Comet assay. B6C3F1 (1H) male mice were treated by intraperitoneal injection
with 50 mg TiO2 nanoparticles /kg body weight daily for three days and sacrificed
4 and 24 hr after the last treatment. Liver, bone marrow, spleen and lung were collected for the evaluation. The standard Comet assay was performed to detect DNA
breaks induced by the nanoparticles; and the enzyme-modified Comet assays by addition of human 8-oxo-guanine DNA glycosylase (hOGG1) and endonuclease III
(Endo III) were conducted to measure the oxidative DNA adducts due to the treatment. The study revealed that the treatment significantly resulted in DNA strand
breaks in liver at both the 4 and 24 hr sampling times and in spleen at the 4 hr time
point, but not in other tissues. Statistically significant (p≤0.05) increases of oxidative DNA adducts were observed in all tissue samples at all time points. The results
suggest that the 10 nm TiO2 nanoparticles can induce DNA damage including
DNA breakage and DNA adducts tissue-specifically; and that the possible mechanism for the induction is the oxidative stress caused by the treatment of the
nanoparticles.
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BRAIN ENTRY RATE AND CAPILLARY ENDOTHELIAL
CELL ASSOCIATION OF CERIA ENGINEERED
NANOPARTICLES.

M. Dan1, M. Tseng2, P. Wu1, J. M. Unrine1, E. A. Grulke1 and R. A. Yokel1.
1University of Kentucky, Lexington, KY and 2University of Louisville, Louisville, KY.
Background: Ceria engineered nanomaterial (ENM) has current commercial applications and potential neurotoxicity. Objective: Our hypothesis is that ceria ENM
can associate with brain capillary cells and/or cross the blood-brain barrier.
Methods: A 5 nm ceria ENM was synthesized and characterized in-house. Its uptake spaces in Sprague-Dawley rat brain were determined using in situ brain perfusion of 30, 100, and 500 μg/ml ceria for 120 s perfusion and 30 μg/ml for 20, 60,
and 120 s. The capillary depletion method and light and electronic microscopy
were used to determine its distribution and localization between capillary and brain
tissue. Results: The vascular space measured by Gd-DTPA showed no significant
flow rate or treatment differences. Cerium concentration was significantly higher in
the choroid plexus than in the 8 brain regions studied in the 100 and 500 μg/ml
groups. Ceria uptake rate significantly increased in the 8 brain regions from 20 to
60 s and was concentration independent at 120 s. Ceria ENM uptake into the 8
brain regions and the choroid plexus was independent of perfusate flow rate, suggesting a non-diffusion mechanism. The capillary depletion method showed 95%
of the ceria ENM associated with the capillary fraction. LM showed no change in
capillary integrity. EM showed most of the ceria ENM located on the endothelial
cell luminal surface. Conclusions: Brain ceria ENM association is a very rapid
process saturated at 60 s. The ceria ENM was predominately on the surface of the
brain capillary cells. Calculation suggested 2.25% of the capillary endothelial cell
surface area was occupied by ceria ENM providing the opportunity for cell uptake
or redistribution back into blood over time. Support: US EPA STAR Grant RD833772.
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Wehmas1,

LOW DEVELOPMENTAL TOXICITY OF ZINC OXIDE
NANOPARTICLES HOLD PROMISE FOR
APPLICATIONS IN NANOMEDICINE.
Truong1, 2,

Punnoose3

Tanguay1, 2. 1Environmental

L.
L.
A.
and R. L.
& Molecular Toxicology, Environmental Health Sciences Center, Oregon State
2
University, Corvallis, OR, The Oregon Nanoscience and Microtechnologies Institute
and the Safer Nanomaterials and Nanomanufacturing Initiative, Oregon State
University, Corvallis, OR and 3Physics, Boise State University, Boise, ID.
The ability of zinc oxide nanoparticles (ZnO-NPs) to invisibly absorb to skin and
protect against UV radiation make them popular ingredients in several skin care
products; however, this also enhances ZnO-NP exposure. Recent in vitro research
indicates that ZnO-NPs demonstrate preferential cytotoxicity toward cancerous
cells. The high risks of ZnO-NP exposure and their potential as anti-cancer agents
make rapid assessment of ZnO-NP safety, in vivo, a research priority. We employed
the embryonic zebrafish model to assess the developmental toxicity of 10 ZnO-NPs
(6 positively charged, 4 neutral). This is an ideal vertebrate model for assessment of
nano-safety because of its high homology with humans and rapid, transparent, external development. In these studies, we investigated the role of charge, size, Fe as a
ROS catalyst and route of exposure (waterborne vs. micro injection) on the toxicity
of well-characterized ZnO-NPs. Following waterborne ZnO-NP exposures, embryonic zebrafish morbidity and mortality was measured at 120 hours post fertilization. In general, the 10 nanoparticles did not induce significant adverse effects at
concentrations below 10 ppm. The charge on ZnO-NPs did influence the biological response. Increased Fe content amongst similarly sized and positively charged
ZnO-NPs induced greater developmental defects in embryos. The results of the
ZnO-NP micro injections were generally similar to the results of the waterborne exposures. The low in vivo toxicity of these ZnO-NPs hold promise for future research investigating their anti-cancer properties. Research supported by NIEHS
P30 ES000210, ES016896, T32ES07060, and Air Force Research Laboratory
#FA8650-05-1-5041.
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EFFECTS OF COMBINED EXPOSURE TO DIESEL
EXHAUST PARTICLES AND CERIUM OXIDE
NANOPARTICLES ON THE RESPONSE TO
ENDOTOXIN IN RATS.

B. D. Dolash, M. W. Barger, V. Castranova and J. Y. Ma. NIOSH, Morgantown,
WV.
Cerium compounds have been used as diesel fuel catalysts to lower the burn-off
temperature of diesel exhaust particles (DEP). This catalysis increases the lifetime
and efficiency of exhaust filters and lowers DEP emissions; however results in

cerium oxide nanoparticles (CNP) released in the exhaust. Previous studies from
our laboratory have shown that DEP and/or CNP induced lung inflammation,
damage and fibrosis. This study focuses on the effects of DEP- and/or CNP-exposed rats on the susceptibility to endotoxin. Male Sprague-Dawley rats were
treated by intratracheal (IT) instillation of DEP (5 mg/kg body weight) and/or
CNP (1 mg/kg body weight). After 3 days, the rats were exposed to lipopolysaccharide (LPS) by IT instillation (1 mg/kg body weight) and then sacrificed after 3 additional days. CNP, DEP and CNP+DEP exposures induced neutrophilia, enlarged
macrophages, and released inflammatory mediators, interleukin-12 (IL-12) and osteopontin (OPN), into the bronchial alveolar lavage (BAL) fluid. The exposure to
LPS further increased neutrophilia, but did not affect particle-induced cytotoxicity
and air/capillary damage. LPS exposure did not affect IL-12 and OPN production
in rats treated with DEP or CNP+DEP, but significantly increased IL-12 and OPN
in BAL fluid of CNP-treated rats. Increased transforming growth factor beta (TGFβ), an important mediator of fibrosis detected in alveolar macrophages isolated
from all particle-exposed rats. TGF-β induction was further enhanced in response
to LPS. A significant increase in matrix metalloproteinase-9 (MMP-9) was seen in
BAL from CNP- and CNP+DEP-exposed rats. Tissue inhibitor of metalloproteinase 1 (TIMP-1), a MMP-9 inhibitor, was markedly increased in particle-exposed groups. LPS exposure did not significantly alter particles-induced MMP-9,
but markedly enhanced TIMP-1 levels. These results suggest endotoxin exposure
significantly increased TGF-β production, but lowered the MMP-9/TIMP-1 ratio.
These changes may lead to extracellular matrix damage and fibrotic development,
leading to health concerns.
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RAT OVARIAN STEROIDOGENESIS EX VIVO IS
STIMULATED DIFFERENTIALLY UPON EXPOSURE TO
LOW CONCENTRATIONS OF GOLD NANOPARTICLES.

J. Larson1, 3, M. J. Carvan III1, 2, 3, R. Klaper1, 2, 3 and R. J. Hutz1, 2, 3. 1Biological
Sciences, University of Wisconsin-Milwaukee, Milwaukee, WI, 2School of Freshwater
Sciences, University of Wisconsin-Milwaukee, Milwaukee, WI and 3NIEHS Children’s
Environmental Health Sciences Core Center, University of Wisconsin-Milwaukee and
Children’s Research Institute, Milwaukee, WI.
Gold nanoparticles (GNPs) have gained considerable attention for use in medicine,
consumer goods, and industry due to their advantageous physicochemical properties. However, the effects of GNP exposure on female fertility remain unclear. The
objectives of the present study were (1) to evaluate the effects of GNPs (primary diameter = 6.81 + 1.25 nm; [Mean + SD]) on progesterone (P4) and estradiol-17β
(E2) accumulation by rat ovaries in culture using radioimmunoassay; and (2) to
identify the locus/loci whereby GNPs modulate ovarian steroidogenesis by our exploitation of multiple-reference gene quantitative real-time RT-PCR (qPCR) to
evaluate expression of steroidogenic (i.e., star, cyp11a1, hsd3b1, cyp17a1, and
cyp19a1) and oxidative-stress (i.e., sod2 and hmox1) genes. We hypothesized that
GNPs modulate P4 and E2 accumulation by affecting expression of one or more
genes involved in steroidogenesis and/or oxidative stress. Ovaries were cultured
under control or treatment conditions (31.7 ppq, 31.7 ppt, or 31.7 ppb GNPs) for
either 12, 24, or 48 hours. Regression analyses indicated a positive relationship between either star (n=30 rats, p<0.05, r2= 0.278) or cyp11a1 (n=30 rats, p<0.001,
r2= 0.366) expression and P4 accumulation upon exposure to 31.7 ppt GNPs, regardless of time. Additional analyses showed that E2 accumulation was positively regressed on hsd3b1 (n=24 rats, p<0.05, r2= 0.181) and cyp17a1 (n=23 rats, p<0.01,
r2= 0.301) expression, independent of incubation period, upon exposure to 31.7
ppq and 31.7 ppb GNPs, respectively. These results suggest that GNPs stimulate
differentially, depending upon concentration, rat ovarian steroidogenesis in our ex
vivo model, via a complex mechanism that involves transcriptional regulation of
star, cyp11a1, cyp17a1, and hsd3b1.
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EVALUATION OF THE APPLICABILITY OF STANDARD
ASSAYS FOR ASSESSING GENOTOXICITY OF
NANOMATERIALS.

T. Chen1, N. Mei1, R. S. Woodruff2, J. Yan1, Y. Chen1, W. Ding1, J. A.
Bhalli1, R. Sadiq1, Y. Li1, P. Rice3, Y. Zhang4, A. S. Biris5, P. C. Howard4, T.
Zhou6 and M. M. Moore1. 1Division of Genetic and Molecular Toxicology, National
Center for Toxicological Research, US FDA, Jefferson, AR, 2Division of Microbiology,
Arkansas Regional Laboratory, US FDA, Jefferson, AR, 3Center for Food Safety and
Applied Nutrition, US FDA, College Park, MD, 4Nanotechnology Core Facility,
National Center for Toxicological Research, US FDA, Jefferson, AR, 5Nanotechnology
Center, University of Arkansas at Little Rock, Little Rock, AR and 6Center for
Veterinary Medicine, US FDA, Rockville, MD.
The unique properties of nanomaterials may cause adverse effects. It is very important to assure that the current genotoxicity tests are adequate to detect the potential
genotoxicity of nanomaterials. In this study, we evaluated whether the current
genotoxicity assays were suitable for assessing the genotoxicity of nanomaterials.
Genotoxicity of titanium dioxide nanoparticles (TiO2NPs) and silver nanoparticles
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(AgNPs) were evaluated using the Ames test, the in vivo and in vitro Comet assay,
the mouse lymphoma gene mutation assay, the mouse Pig-α mutation assay, and
the in vivo and in vitro micronucleus assay. Mutagenic evaluation of 10 nm
TiO2NPs and 5 nm AgNPs with the Ames test showed negative results. Five nm
uncoated AgNPs induced mutations dose-dependently in mouse lymphoma cells
via an oxidative stress mechanism. Micronuclei in TK6 cells were increased by
AgNPs in a dose-, size- and surface coating-dependent manner. While 10 nm
TiO2NPs were negative in the mouse lymphoma thymidine kinase mutation assay,
the in vivo micronucleus assay, and the Pig-α mutation assay, they induced DNA
damage in TK6 cells, and in mouse liver, lung, spleen and bone marrow when
measured using the Comet assay. Our results suggest that the Ames test may not be
responsive to the treatment of nanoparticles while the Comet assay is very sensitive
to the insults of the nanoparticles. More research, using a wider array of nanomaterials, is needed before drawing final conclusions as to the capability of the genetic
toxicology assays for assessing the potential genotoxicity of nanomaterials.
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HEMOPEXIN AS BIOMARKERS FOR ANALYZING THE
BIOLOGICAL RESPONSES ASSOCIATED WITH
EXPOSURE TO SILICA NANOPARTICLES.

K. Higashisaka1, Y. Yoshioka1, 2, 3, T. Nagano1, A. Kunieda1, K. Nagano3, Y.
Abe3, H. Kamada2, 3, S. Tsunoda2, 3, H. Nabeshi1, 3, T. Yoshikawa1, 3 and Y.
Tsutsumi1, 2, 3. 1Laboratory of Toxicology and Safety Science, Graduate School of
Pharmaceutical Sciences, Osaka University, Suita, Osaka, Japan, 2The Center for
Advanced Medical Engineering and Informatics, Osaka University, Suita, Osaka,
Japan and 3Laboratory of Biopharmaceutical Research, National Institute of
Biomedical Innovation, Ibaraki, Osaka, Japan.
Recently, practical uses of nanomaterials are rapidly spreading to a wide variety of
fields, such as cosmetics, foods, and medicine. However, potential harmful effects
of nanomaterials are raising concerns about their safety, because nanomaterials may
possess novel properties different from materials with submicron size. In this regard, we have attempted to establish risk assessment system by using biomarkers
that estimate or predict the safety and toxicity of nanomaterials. We recently
showed that haptoglobin could be a useful biomarker for analyzing the biological
responses associated with exposure to silica nanoparticles (nSP). Here, we attempted to identify novel biomarkers by proteomics analysis. Initially, to identify
protein biomarkers in mice, we analyzed changes in the level of plasma proteins following treatment with nSP by two-dimensional differential in gel electrophoresis
analysis. The quantitative analysis showed that 82 spots displayed increased or decreased expression levels in the plasma of nSP treated mice compared with that of
saline treated control mice. LC/TOF/MS analysis of the spots subsequently identified 7 different proteins. Then, we focused on hemopexin, one of the acute phase
proteins. ELISA analysis showed that the levels of hemopexin in the plasma increase
as the silica particle size decreases. These results suggested that hemopexin could be
an additional biomarker for analyzing the biological responses associated with exposure to nSP. We believe this study will enable us to the development of safe forms
of nanomaterials.
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THE EFFECT OF IN UTERO EXPOSURE TO
AMORPHOUS NANOSILICA PARTICLES ON
NEONATAL IMMUNE FUNCTION AND
NEUROLOGICAL FUNCTION.

Y. Morishita1, 2, Y. Yoshioka1, 2, 3, K. Takao4, 5, H. Sato1, 2, N. Nojiri1, 2, K.
Nagano2, Y. Abe2, H. Kamada2, 3, S. Tsunoda2, 3, H. Nabeshi1, 2, N. Itoh1, T.
Yoshikawa1, 2, T. Miyakawa4, 5 and Y. Tsutsumi1, 2, 3. 1Laboratory of Toxicology and
Safety Science, Graduate School of Pharmaceutical Sciences, Osaka University, Suita,
Osaka, Japan, 2Laboratory of Biopharmaceutical Research, National Institute of
Biomedical Innovation, Ibaraki, Osaka, Japan, 3The Center for Advanced Medical
Engineering and The Center for Advanced Medical Engineering and Informatics,
Osaka University, Suita, Osaka, Japan, 4Division of Systems Medicine, Institute for
Comprehensive Medical Science, Fujita Health University, Toyoake, Aichi, Japan and
5Section of Behavior Patterns, Center for Genetic Analysis of Behavior, National
Institute for Physiological Sciences, Okazaki, Aichi, Japan.
Nanomateials (NMs) are increasingly being used for commercial purposes for their
useful functions. However, concerns about the potential risks of NMs have been
raised. Previously we showed that intravenous injection of several NMs to pregnant
mice could induce intrauterine growth retardation (IUGR). IUGR children are
known to have high risks of contracting some diseases, such as neurological disorders. Thus, it is important to assess postnatal effects of in utero exposure to NMs. In
this study, we examined neonatal immune function and neurological function after
in utero exposure to amorphous nanosilica particles (nSP), as one of the typical
NMs. Pregnant mice were intravenously injected nSP, and their neonates were
reared. We measured the bodyweight and the number of leukocytes of the pups,
and evaluated righting reflex and hind feet clasping of them. The pups of nSP
treated mice (nSP pups) had smaller body weight than control mice from birth to
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40 weeks old. In addition, the number of leukocytes in nSP pups was significantly
higher than those of control mice. On the other hand, no difference was found on
righting reflex and hind feet clasping between nSP pups and control mice. These results suggest that in utero exposure to nSP might result in growth disorder and immunologic abnormality of the pups.
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MICRORNA AS A BIOMARKER FOR THE SAFETY
ANALYSIS OF NANOMATERIALS.

T. Nagano1, 2, Y. Yoshioka1, 2, 3, K. Higashisaka1, 2, A. Kunieda1, 2, K. Nagano2,
Y. Abe2, H. Kamada2, 3, S. Tsunoda2, 3, H. Nabeshi1, 2, T. Yoshikawa1, 2 and Y.
Tsutsumi1, 2, 3. 1Laboratory of Toxicology and Safety Science, Graduate School of
Pharmaceutical Sciences, Osaka University, Suita, Osaka, Japan, 2Laboratory of
Biopharmaceutical Research, National Institute of Biomedical Innovation, Ibaraki,
Osaka, Japan and 3The Center for Advanced Medical Engineering and Informatics,
Osaka University, Ibaraki, Osaka, Japan.
Nanomaterials (NMs) are widely used in various fields, such as cosmetics, foods,
and medicine. However, it is not understood sufficiently for their safety about potential risks to health. We have tried to establish safe assessment system of NMs by
using predictable biomarkers for the development of safe NMs. Previously we identified some acute proteins as biomarkers of NMs by proteomic analysis. On the
other hand, recent reports showed that microRNAs could be useful biomarkers for
organ-specific injury and side effects of medicines. Here we attempted to examine
the potential of microRNA as a safety biomarker of NMs. Because we already
demonstrated that intravenous injection of silica nanoparticles with a diameter of
70 nm (nSP70) induced liver injury in mice, we focused on the liver-specific
microRNA. Mice were intravenously injected with nSP70 and blood was collected
at 4, 8, and 24 h after injection. Then, quantitative real-time RT-PCR analysis of
microRNA was performed after the purification of small RNAs including
microRNAs from plasma. The expression level of liver-specific microRNA in
nSP70-treated mice was higher than that of control mice. In addition, the sensitivity of the liver-specific microRNA was almost the same as conventional hepatic injury biomarkers such as ALT and AST. These findings suggested that the liver-specific microRNA could be useful safety biomarkers of NMs in addition to ALT and
AST. We are now trying to find other useful microRNAs as biomarkers of NMs.
We believe that this study will provide useful information for the development of
biomarkers of NMs.
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KINETICS AND TISSUE DISTRIBUTION OF
NEUTRON-ACTIVATED ZINC OXIDE NANOPARTICLES
AND ZINC IN MICE: EFFECTS OF SIZE AND
PARTICULATE NATURE.

P. Lin1, T. Yeh1, J. Chen1, M. Yang1, 2, C. Yang1, C. Lin1 and F. Chou2.
1National Health Research Institutes, Zhunan, Taiwan and 2National Tsing Hua
University, Hsinchu, Taiwan.
Although zinc oxide nanoparticles (ZnONPs) have been applied in nanotechnology, their kinetics and tissue distribution in vivo are unknown. Here we compared
the kinetics and tissue distribution of 10 nm 65ZnONPs, 71 nm 65ZnONPs and
65Zn(NO3)2 in mice after intravenous injection. The areas under curve and halflives in the second compartment of 65Zn(NO3)2 were greater than those of
65ZnONPs, the kinetic parameters were similar for both 65ZnONPs. However,
the tissue distributions of the three forms were different. ZnONPs preferentially accumulated in the liver and spleen at 24 hrs. At day 28, 65Zn concentration was the
highest in bone and the proportion of recovered 65Zn radioactivity was the highest
in the carcass; these had the same ranking, 10 nm 65ZnONPs >71 nm 65ZnONPs
>65Zn(NO3)2. Although more than 80% of the 10 nm 65ZnONPs had been excreted by day 28, greater amounts of the 10 nm 65ZnONPs than 71 nm
65ZnONPs or 65Zn(NO3)2 had accumulated in other organs (brain, lung, heart
and kidneys). Zn ions seem to have a longer half-life in the plasma, but ZnONPs
show greater tissue accumulation. Although the size of ZnONPs had no obvious effect on the kinetics, nevertheless the smaller ZnONPs tended to accumulate preferentially in some organs.
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CYTO/GENOTOXIC EFFECT OF CDSE/ZNS QUANTUM
DOTS-MEDIATED PHOTODYNAMIC UV THERAPY IN
HUMAN LUNG ADENOCARCINOMA CELLS.

Y. Choi1, Y. Kim1, J. Lee1, Y. Lee1, Y. Lim2 and H. Chung1. 1School of Public
Health, Seoul National University, Seoul, Republic of Korea and 2Advanced Material
Engineering, Yonsei University, Seoul, Republic of Korea. Sponsor: J. Chung.
Quantum dots (QDs), promising luminescent nanoparticles, have great potential
medical applications, with the persistence of safety concerns about the human
health. Although the cytotoxic effects of QDs have been extensively investigated,

their genotoxic effects remain under-explored. This study aims to elucidate the
toxic effects and biological responses and provide the possibility of application for
cancer therapy by attractive nanomaterial QDs. In this study, CdSe/ZnS core/shell
QDs-induced cell death type in A549 cells was evaluated via MTT, apoptosis, and
LDH assay and analyzed differential mRNA levels involved in apoptosis with/without UVA/UVB irradiation. The genotoxic effect of CdSe/ZnS QDs was measured,
for the first time, by comet and micronucleus assay based on human cancer cell in
the present study. The extent of cell death was the most severe in CdSe/ZnS QDs
treatment under UVB irradiation group, which indicated the strong induction of
phototoxicity by CdSe/ZnS QDs with UVB and it led to both apoptotic and
necrotic cell death. In the induction of olive tail moment and micronucleus formation, significant increases were also investigated in CdSe/ZnS QDs under UVB irradiation group. Here, we estimated the genotoxic effect and mechanistic details on
the CdSe/ZnS QD-induced cell death pathway and suggest, furthermore, it might
be used to apply for cancer therapy using UVB radiation.
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ROLE OF DOSE RATE ON NANOPARTICLE-INDUCED
INFLAMMATORY RESPONSES IN VIVO.

B. L. Baisch, N. M. Corson, P. Wade-Mercer, R. Gelein, G. Oberdörster and A.
Elder. Environmental Medicine, University of Rochester Medical Center, Rochester,
NY.
The increased production of nanomaterials has caused a corresponding increase in
concern about human exposures in consumer and occupational settings. Numerous
in vivo studies in rodents have evaluated dose-response relationships following respiratory tract (RT) delivery of nanoparticles (NPs) in order to identify potential
hazards. These studies often use high doses and bolus delivery methods that do not
reflect real world scenarios. We hypothesized that the delivered dose rate is a key determinant of the induction of the inflammatory response in the RT. These studies
aim to re-evaluate the predictive power of in vivo bolus delivery for NP hazard identification. F-344 rats (175-270 μg) were exposed to the same deposited dose (200
μg) of TiO2 (80% anatase, 20% rutile; 21 nm) by high dose rate (bolus) intratracheal instillation or by low dose rate (aerosol) whole body inhalation over 4 hrs.
Controls were exposed to saline or filtered air. The impact of dose rate was also examined in the context of repeated instillation and inhalation exposures (one quarter
the dose on each of 4 consecutive days). The greatest post-exposure (24 hrs) increases in bronchoalveolar lavage fluid (BALF) neutrophils were found after single
(31.1% ± 2.6% (SD)) and repeated (16.8% ± 3.6%) bolus TiO2 NP exposures.
Aerosol delivery resulted in lower inflammation (6.2% ± 1.5%, single; 1.6% ±
0.6%, repeated exposure). For both bolus and aerosol delivery, there was an attenuation of the neutrophil response when the dose was delivered over 4 days. Similar
trends were found for changes in BALF lactate dehydrogenase and β-glucuronidase
activities. We conclude that high dose rate NP delivery elicits significantly greater
inflammation compared to realistic low dose rate delivery and that bolus delivery
overestimates the NP-associated hazard. This research was funded by NIH
R01CA134218, P30ES01247, T32E07026, and 5RC2ES018741.
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SILVER NANOPARTICLE TOXICITY TO RETINAL
PIGMENT EPITHELIAL CELLS IN VITRO IS
INFLUENCED BY PARTICLE SIZE AND COATING, BUT
NOT UVA RADIATION.

W. K. Boyes, S. Karafas, L. Degn and R. Zucker. US EPA, Research Triangle Park,
NC.
Silver nanoparticles (AgNP) are used in textiles, medical devices, cleaning products
and ocular devices because of their antibiotic properties. Because the retina is the
only part of the nervous system exposed to light and because other nanoparticles
have demonstrated phototoxicity, human retinal pigment epithelial cells (ARPE19) were used to test the potential cytotoxicity and phototoxicity of PVP- and citrate-coated silver nanoparticles (Ag-PVP and Ag-CIT, respectively). ARPE-19 cells
were grown to confluence in DMEM/F12 + 10% FBS and dosed with 0, 3, 10, 30,
55, 100, & 200 μg/ml of 10, 50, and 75nm Ag-PVP or Ag-CIT(nanoComposix).
For phototoxicity tests, the cells were exposed to 2 hrs of either UVA, visible light,
or no light exposure 24 hrs after dosing. Cell viability(calcein AM/propidium iodide) was measured either 24 hrs after dosing (cytotoxicity) or 24 hrs after
dark/light/radiation exposure (phototoxicity). Flow cytometry showed dose-related
increased side-scatter consistent with cellular uptake of AgNP. silver particles were
observed in the cytoplasm of ARPE-19 cells under darkfield microscopy. The cytotoxicity of nano-silver was dose-dependent, and inversely proportional to particle
size. Nano Ag-PVP was more potent than equivalent-sized Ag-CIT for 50 or 75 nm
particles. No differences in cytotoxicity were observed between 10 nm Ag-PVP and
10 nm Ag-CIT. No differences were observed between cells treated 10 nm Ag-PVP
or 50 nm Ag-CIT and co-exposed to darkness, visible light or UVA. Thus, the toxicity of Ag nanoparticles was influenced by particle size and coatings, but no evidence of phototoxicity was observed. This abstract does not reflect EPA policy.
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IN VITRO MODEL TO MIMIC THE LUNG EPITHELIAL
BARRIER FOR NANO-TOXICOLOGY STUDIES.

R. Derk1, A. Mishra1, T. Stueckle1, S. Friend1, V. Castranova1, Y. Rojanasakul2,
M. Chen2 and L. Wang1. 1Pathology and Physiology Research Branch, CDC/NIOSH,
Morgantown, WV and 2School of Pharmacy, West Virginia University, Morgantown,
WV.
Previous data have shown that upon alveolar deposition, dispersed carbon nanotubes (CNT) can penetrate into the interstitium or pleural area which may indicate a specific mechanism of CNT induced pulmonary toxicity. Our hypothesis is
that physicochemical properties of CNT could play a key role in determining the
penetration mechanism of CNT into deep lung tissue. However, this would be difficult to determine in vivo. Lung epithelial cells typically form tight junctions
which serve as a protective barrier against external particulates and can be monitored through resistance measurement in vitro. An experimental model was developed using an immortalized human lung epithelial cell line [Calu-3 cells (HTB55), ATCC, Manassas, VA] and Transwell ® inserts (Costar 6.5 mm polyester
membrane with 3.0 μm pores). Calu3 cells were cultured at 10, 20 or 50 x 103 per
insert in Eagle’s Minimum Essential Medium (EMEM) containing 15% Fetal
Bovine Serum (FBS). After two days, medium was changed to EMEM that contained 2, 5, 10, or 15% FBS to assess serum effects on tight junction formation.
Resistance (ohms) of the cell monolayer was monitored every day from days 3 - 18
in culture using the Epithelial Voltohmeter and STX2 electrode (World Precision
Instruments). A subset of Transwell inserts were collected at various resistances and
days in culture and tight junctions were immunofluorescence stained using the
ZO-1 antibody. Tight junctions were observed using confocal microscopy after the
resistance reached 2000 ohms in all concentrations of FBS tested. Resistance
reached and maintained > 4000 ohms in 5 days at 50k, in 12 days at 20k and 14
days at 10k cell density. Establishment of Calu3 cell monolayers with functional
tight junctions is dependent on filter size, seeding density and serum concentration.
The Transwell Calu-3 model represents a potential rapid assessment in vitro model
to test the effects of nano-material exposure on cell tight junction integrity.
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GENOTOXIC STRESS RESPONSE GENES ARE
DYSREGULATED BY SILVER NANOPARTICLES IN TK6
CELLS.

Y. Chen, J. Yan, M. Moore and T. Chen. Division of Genetic and Molecular
Toxicology, National Center for Toxicological Research, US FDA, Jefferson, AR.
Silver nanoparticles (AgNPs) are presently the most used engineered nanomaterials
due to their antimicrobic nature. AgNPs have been used in dressings to reduce infections in burns, and as antimicrobials in air fresheners, water purifiers, food storage containers, and in coatings for clothing. However, their genotoxicity has not
been well examined. In this study, 4 genes involved in the genotoxic stress response,
p21, GADD45, ATF3, and DDB2, were used to evaluate the genotoxicity of
AgNPs. Cells were treated in triplicate for 24 hours with different concentrations of
5 nm AgNPs coated with polyvinylpyrrolidone (PVP) or tannic acid (TA). The cytotoxicity of the AgNPs increased with dose and the doses causing relative cell
counts 50% of the control cell count were about 3 ug/ml for PVP-AgNPs and 4
ug/ml for TA-AgNPs. There were dose-dependent increases in the expression of all
4 genes except for those at concentrations causing very high cytotoxicity. The fold
changes induced by the AgNPs were small and the highest induction over the control was 2.5-fold that occurred in the p21 gene. The gene expression was significantly altered by the treatment of the both types of AgNPs for least one concentration in all the 4 genes (p < 0.05). The response of these genotoxic stress genes to the
AgNP treatment was correlated well with our other genotoxicity studies showing
that AgNPs induced DNA adducts, DNA breaks, micronuclei and mutations in
TK6 or mouse lymphoma cells.
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CEREBROVASCULAR TOXICITY OF PCBS BOUND TO
NANOPARTICLES IN THE EXPERIMENTAL STROKE
MODEL.

B. Zhang1, 2, L. Chen2, B. Hennig1, 3 and M. Toborek1, 2. 1Graduate Center for
Nutritional Sciences, University of Kentucky, Lexington, KY, 2Department of
Neurosurgery, University of Kentucky, Lexington, KY and 3College of Agriculture,
University of Kentucky, Lexington, KY.
Polychlorinated biphenyls (PCBs) are among the most persistent and widespread
environmental pollutants. Recent evidence suggests that exposure to PCBs may increase the incidence of stroke and worsen stroke outcomes. PCBs released from environmental sources are capable of binding onto nanoparticles present in the environment and be taken up by humans. However, very little is known about the toxic
effects of PCBs assembled onto nanoparticles. In the current study, we hypothesize
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that binding to nanoparticles can potentiate PCB-induced vascular toxicity and
brain damage in an experimental stroke model through activation of toll-like receptor 4 (TLR4), followed by stimulation of inflammatory responses, and alterations
of tight junction protein expression in brain capillaries. To study this hypothesis,
TLR4-deficient (C3H/HeJ) and control (C3H/HeOuJ) mice were exposed to
PCB153 bound to nanoparticles (PCB153-NPs), PCB153, nanoparticles (NPs)
alone, or vehicle (PBS). PCB153 was administered in the amount of 5 ng/g body
weight. PCB153-NPs-induced stimulation of proinflammatory responses and NFκB nuclear translocation were attenuated in TLR4-deficient mice as compared to
control mice. TLR4-deficiency attenuated the decrease in tight junction protein expression in response to PCB153-NPs treatment in mouse brain capillaries. TLR4
inhibition also protected against PCB153-NPs-induced disruption of tight junction proteins in cultured human brain endothelial cells. Importantly, PCB153NPs-mediated enhancement of the brain injury in an experimental stroke model
was also less pronounced in TLR4-deficient mice than in control mice. The results
of present study indicate the importance of the TLR4-mediated signaling in cerebrovascular pathology of PCBs and nanoparticles. These findings may also be applicable to other neuropathological disorders where organic pollutants and
nanoparticles, and/or BBB integrity play crucial roles.
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TOXICITY EVALUATION OF MULTIWALL CARBON
NANOTUBES IN RATS AFTER TAIL VEIN
ADMINISTRATION.

N. Kobayashi1, M. Kawabe2, F. Furukawa2, R. Kubota1, N. Sugimoto1, T.
Nishimura1 and A. Hirose1. 1National Institute of Health Sciences, Tokyo, Japan and
2DIMS Institute of Medical Science Inc., Aichi, Japan.
We have the limited knowledge about the chronic toxicity of nanomaterials,
whereas a growing number of studies have implicated the toxicological effects of
nanomaterials. Recently, some studies reported that maternal exposure to nanoparticles may transfer to their fetuses and affect the development and function of the
central nervous systems. Further information is needed to clarify the potential for
chronic toxicity, particularly reproductive and developmental toxicity of nanomaterials. The aim of our study is to evaluate the biodistribution and reproductive and
developmental toxicity of nanomaterials via realistic exposure route (e.g., pulmonary exposure). In prior to conduct above examinations, we need to develop the
sample preparation methods, and to determine dose and observation period. In
order to obtain the basic information for establishing above methods, we conducted
tail vein administration study of multi-wall carbon nanotubes (MWCNTs) in female SD rats. MWCNTs were added to blood serum obtained from female rats and
then ultrasonicated using an ultrasonic bath for 30 min. MWCNTs were well dispersed into the serum. MWCNT precipitation was not observed during injection.
The above MWCNT suspensions were administered to two groups of five rats at
dosage of 0.25 and 0.5 mg/kg bw. In both groups, body weight loss was observed at
1 day after administration. However, there are no other significant effects in these
groups. MWCNT-related clinical signs of toxicity (e.g., abnormal behavior, irregular respiration, and piloerection) were not found in any groups of rats during the
observation period. Therefore, we have judged that 0.5 mg/kg bw is the allowable
dose for tail vein administration of further examinations. Rats were dissected at 3
days after administration. MWCNT depositions were not observed in the examined tissues (i.e., the heart, lungs, liver, kidneys, and spleen). In order to evaluate
biodistribution of MWCNTs, we will perform light microscopic examinations of
MWCNTs in rats.
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IN VIVO GENOTOXICITY STUDY OF NANOSIZED
TITANIUM DIOXIDE PARTICLES USING COMET
ASSAY FOLLOWING INTRATRACHEAL INSTILLATION
IN RATS.

M. Naya1, N. Kobayashi1, M. Ema1, S. Kasamoto2, M. Fukumuro2, S.
Takami2, M. Nakajima2, M. Hayashi2 and J. Nakanishi1. 1National Institute of
Advanced Industrial Science and Technology (AIST), Tsukuba, Japan and 2Biosafety
Research Center, Foods, Drugs and Pesticides (BSRC), Iwata, Shizuoka, Japan.
Titanium dioxide (TiO2) is widely used as a white pigment in paints, plastics, inks,
paper, creams, cosmetics, drugs and foods. Based on data published in openly available scientific literature, genotoxicity of TiO2 nanoparticles was evaluated including in vitro comet assays, bacterial and mammalian cell mutation tests, chromosomal aberration assays and in vivo micronucleus assays. However, the knowledge
about the genotoxicity of this material is still incomplete, and data concerning
human health of nanosized TiO2 particles are inconsistent.
In the present study, the in vivo genotoxicity of nanosized TiO2 particles in the
anatase crystal phase was evaluated using comet assay after a single or repeated intratrachial instillation in rats. The nanosized TiO2 particles were instilled intratracheally at dosage of 1.0 or 5.0 mg/kg body weight (single instillation group), 0.2 or
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1.0 mg/kg body weight once a week for 5 weeks (repeated instillation group) to
male Sprague-Dawley rats. In both groups, 2mg/mL disodium phosphate (DSP)
solution was used as the negative control, and 50 mg/kg ethyl methansulfonate
(EMS) was used as the positive control. The DSP was instilled single or repeated in
a similar manner. The EMS was instilled 3 hours or 24 hours prior dissection. In
the histopathological findings, inflammation in the lung was observed 1.0 mg/kg
and 5.0 mg/kg TiO2 in both single and repeated groups. In the comet assay, there
was no increase in the % tail DNA in the any TiO2 group. In the EMS groups,
there was significant increase in the % tail DNA compared with the DSP groups.
The results of our present study shows that the nanosized TiO2 particles in the
anatase crystal phase are not genotoxic in the in vivo comet assay after intratracheal
instillation in rats.
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DOSE-RESPONSE RELATIONSHIPS FOR ACUTE
TOXICITY OF 9 ENGINEERED NANOPARTICLES IN
MURINE LUNGS: RESULTS FROM THE ENPRA
PROJECT.

I. Gosens1, N. Raun Jacobson2, T. Stoeger3, L. Tran4, V. Stone5, W. H. de Jong1
and F. R. Cassee1. 1National Institute for Public Health and the Environment
(RIVM), Bilthoven, Netherlands, 2National Research Centre for the Working
Environment, Copenhagen, Denmark, 3Helmholtz Zentrum München, München,
Germany, 4IOM, Edinburgh, United Kingdom and 5Heriot-Watt University,
Edinburgh, United Kingdom.
Hazard identification for a panel of 9 different engineered nanoparticles has been
performed after a single intratracheal exposure in the context of EU project
ENPRA (Engineered NanoParticles Risk Assessment). Dose-response curves were
generated for a number of endpoints and target organs. From these relationships, a
benchmark dose (BMD) for each endpoint was derived to assess acute toxicity. The
biological endpoints include oxidative stress, inflammation, cytotoxicity and genotoxicity. Overlap between these endpoints and cell culture assays representative for
target organs should allow in vivo validation of in vitro results generated elsewhere
in this project. All nanoparticles were well characterized for physico-chemical parameters. In addition a dispersion protocol has been developed and was essentially
the same for in vitro and in vivo studies. Female C57BL/6 mice were exposed for 24
hours to 0, 4, 8, 16, 32, 64 and 128 μg/mouse. Four different types of titanium
dioxide (TiO2), a coated and uncoated Zinc Oxide (ZnO), nanosilver (Ag) and
two types of multiwall carbon nanotubes (MWCNT) were used and various organs
were analyzed for adverse effects. Broncho Alveolar Lavage Fluid (BALF) and serum
parameters have been determined. The most toxic particles (per μg) from this panel
are both types of ZnO, based on reduced body weight and pulmonary/ systemic inflammation. The TiO2 nanoparticles were not acutely toxic at most endpoints, except for some pulmonary cytotoxicity for a 10 nm rutile type of TiO2. Nanosilver
was not acutely toxic at the dose-range tested here, while MWCNTs showed a trend
towards some lung inflammation only at the highest doses. The BMDs will be used
for in vitro to in vivo extrapolation (IVIVE) and serves as an alternative approach
for determining the NOAEL in the risk assessment process.
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LONG, NEEDLE-LIKE CARBON NANOTUBES ARE
GENOTOXIC IN MICE.

J. Catalán1, 2, H. Järventaus1, S. Suhonen1, K. Siivola1, C. Moreno2, E. Rossi1,
J. Koivisto1, E. Vanhala1, H. Wolf1, H. Alenius1, K. Savolainen1 and H.
Norppa1. 1Finnish Institute of Occupational Health, Helsinki, Finland and
2University of Zaragoza, Zaragoza, Spain.
Long, needle-like carbon nanotubes (CNTs) have been described to induce inflammation and mesothelioma in experimental in vivo models, but the mechanisms behind these adverse effects are not well understood. Genotoxic damage is associated
with cancer development, and previous studies have suggested that CNTs are genotoxic in vitro. In the present study, we examined whether long, needle-like multiwalled CNTs (Mitsui 7), administrated either by pharyngeal aspiration or inhalation, could be genotoxic in mice locally in the lungs or systematically in peripheral
leukocytes and bone marrow erythrocytes. The studies were performed in
C57BL/6J mice 24-h after a single pharyngeal aspiration (0.02-4 mg/ml) or 4-day
inhalation exposure (4 h/day; 8 mg/m3) to CNTs. DNA damage was assessed by
the comet assay in bronchoalveolar lavage (BAL) cells and lung cells. DNA double
strand breaks were assessed by the γ-H2AX assay in peripheral leukocytes and (after
pharyngeal aspiration) in lung cells. Micronuclei, used as a biomarker of chromosome damage, were analyzed in bone marrow polychromatic erythrocytes collected
24 h after the end of the inhalation exposure. A dose-dependent increase in DNA
damage (comet assay) was seen in the lung cells but not in the BAL cells of mice
treated with 1-4 mg/ml CNTs by pharyngeal aspiration. Inhalation exposure re-

sulted in an increment of DNA damage in lung cells and especially in BAL cells
which showed a 6-fold increase in comparison with the control group. However,
CNTs induced no systemic genotoxic effects in peripheral leukocytes or bone marrow. An inflammatory effect, assessed by the number of neutrophils in BAL fluid
and by immunohistopathological analyses, was seen in the same mice. Our findings
suggest that long, needle-like CNTs induce both genotoxic and inflammatory effects in mouse lungs. It is presently unclear if the genotoxic effect seen is primary or
secondary due to inflammation. (Funded by the Finnish Work Environment Fund)
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GREEN TEA EXTRACT DIFFERENTIALLY AFFECTS
ACETAMINOPHEN-INDUCED HEPATOTOXICITY
BASED ON THE EXPOSURE PATTERN.

A. A. Ali, X. Yang, Q. Shi, J. Greenhaw and W. F. Salminen. Division of Systems
Biology, US FDA National Center for Toxicological Research, Jefferson, AR.
Green tea extract (GTE) is a widely used dietary supplement and has been promoted for a wide range of uses such as preventing cancer, aging, and weight loss.
There are conflicting reports about the safety of GTE. Human studies suggest that
GTE may have some short-term benefit in controlling obesity; but it has been also
associated with clinical cases of hepatotoxicity. This study was conducted in
B6C3F1 male mice to determine if GTE alters the toxicity of the widely-used overthe-counter analgesic acetaminophen (APAP). APAP was chosen since it is the leading cause of drug-induced acute liver failure in the US and certain conditions may
increase its toxicity like chronic alcohol use or concurrent use of drugs or dietary
supplements that induce cytochrome P450 activity. The first exposure scenario involved administering an oral dose of APAP (150 or 300 mg/kg) to mice followed by
a single dose of GTE (500 or 1000 mg/kg) 6 hours later. The second exposure scenario involved administering once-daily oral doses of GTE (500 or 1000
mg/kg/day) for three days followed by an oral dose of APAP (300 mg/kg) on the
4th day. Hepatotoxicity was assessed 24h after the APAP dose in both scenarios.
Based on serum ALT and AST levels, histopathology, and survival, GTE potentiated APAP-induced hepatotoxicity when administered 6h after the APAP dose. In
contrast, GTE decreased APAP-induced hepatotoxicity when administered for 3
days prior to the APAP dose. These results and further mechanistic studies might
help explain the wide-range of effects noted with GTE, and also highlight the potential for drug-dietary supplement interactions.
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A SYSTEMS BIOLOGY APPROACH TO UNRAVEL
MECHANISMS OF CYCLOSPORINE A-INDUCED
HEPATOTOXICITY.

W. Van den Hof1, 4, A. Ruiz-Aracama2, 4, A. Van Summeren1, 4, D. Jennen1, 4, S.
Gaj1, 4, W. Wodzig3, 4, J. van Delft1, 4 and J. Kleinjans1, 4. 1Department of
Toxicogenomics, Maastricht University, Maastricht, Netherlands, 2RIKILT-Institute of
Food Safety, Wageningen University and Research Centre, Wageningen, Netherlands,
3Department of Clinical Chemistry, Maastricht University Medical Center,
Maastricht, Netherlands and 4Netherlands Toxicogenomics Centre, Maastricht,
Netherlands. Sponsor: H. van Loveren.
There is a need for a better understanding of the mechanisms behind drug-induced
hepatotoxicity which shall improve preclinical testing and diminish the number of
hepatotoxic compounds going into animal experiments and clinical trials.
Although transcriptomics, proteomics and metabonomics all give valuable information about toxicological responses, separately they don’t give you the complete
story. By combining these different techniques in one toxicogenomic analysis, we
aim to further unravel the system wide response to a toxic compound. Therefore,
we combined transcriptomic, proteomic and metabonomic profiling of HepG2
cells exposed to Cyclosporine A. HepG2 cells were exposed to different concentrations of Cyclosporine A and cells were investigated at several time points. The
mRNA and miRNA expression levels were investigated using array technology. The
changes in protein expressions were studied using quantitative 2-D Differential Gel
Electrophoresis and a metabolomic investigation was done using 1H-Nuclear
Magnetic Resonance spectroscopy. The transcriptomics, proteomics and metabonomics analyses demonstrated many dose- and time-dependent changes in
Cyclosporine A-exposed HepG2 cells. Cyclosporine A may induce ER stress and
disturbs the ER-Golgi transport. Moreover, patterns seen after cyclosporine A treatment can be related to cholestatic mechanisms. Our findings indicate that a systems
wide approach combining metabonomics, proteomics and transcriptomics with
bioinformatics can lead to a better understanding of the underlying mechanisms of
drug-induced cholestasis and may help to improve the assessment of novel compounds for cholestatic properties at an early stage in drug discovery.
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A STRUCTURE-TOXICITY-RELATIONSHIP
INVESTIGATION OF 2PHENYLAMINOPHENYLACETIC ACID ANALOGS.

Y. Pang, M. Go and H. Ho. Pharmacy, National University of Singapore, Singapore,
Singapore.
Diclofenac and lumiracoxib are NSAIDs possessing the 2-phenylaminophenylacetic acid backbone. Although structurally similar, they exhibit different pharmacological and toxicological profiles. Bioactivation of both drugs by Phase I and
Phase II enzymes to reactive metabolites such as quinone imines and acyl glucuronides respectively have been previously studied and attributed to be the cause
of hepatotoxicity associated with both drugs. However, the mechanistic differences
in toxicity due to structural differences have not been previously studied. Therefore,
the aim of this study was to investigate the effect of structural changes to the 2phenylaminophenylacetic acid backbone on the cytotoxic profiles of the analogs.
By substituting different alkyl groups and halogens at positions 5 and 2’/6’ respectively, twenty-four analogs were synthesized. These analogs were tested for their cytotoxicity effects using TAMH, a metabolically-active mouse liver cell line and
HuH-7, a human hepatoma cell line exhibiting low metabolic activity. The analogs
were incubated at varying concentrations for 24 hours with the cells before carrying
out the MTT assay to obtain IC50 values. Statistical analysis was carried out using
one-way ANOVA. Results obtained showed that toxicity of the analogs were consistently greater in TAMH as compared to HuH-7, indicating that metabolism
plays an important role in affecting cell viability. Increasing the size of the alkyl
group at the position 5 resulted in an increase in cytotoxicity. It was also observed
that a progressive increase in the size of the halogen at positions 2’/6’ from fluorine
to bromine resulted in an increase in cytotoxicity regardless of the substitution at
the 5-position. These results demonstrate that structural changes at critical positions of the 2-phenylaminophenylacetic acid backbone exert significant effects on
cytotoxicity. Further studies such as covalent adduct formation and metabolite profiling will provide mechanistic insights to allow design of safer analogs.
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ACHATINA C-REACTIVE PROTEIN AMELIORATES
LEAD-INDUCED TOXICITY IN RAT HEPATOCYTES.

S. Agarwal, S. Mukherjee, S. Chatterjee, S. Sarkar, S. Maitra and S.
Bhattacharya. Environmental Toxicology Laboratory, Department of Zoology, Visva
Bharati University, Santiniketan, India.
Lead is a ubiquitous toxic heavy metal having different sources of environmental
exposure. Inhibition of the activity of several proteins through its binding to SH
groups has been described as the major cause of lead toxicity (ATSDR, 1998). In
the present study 20μM Pb(NO3)2, an environmentally relevant dose of exposure
(Kansal and Singh, 1983), induced notable cytotoxicity in rat hepatocytes which
was significantly ameliorated by treatments with individual subunits (60, 62, 90
and 110 kda) of C-reactive protein (CRP) isolated from a mollusc Achatina fulica.
Isolated rat hepatocytes were incubated in vitro with Pb(NO3)2, Pb(NO3)2 plus
each subunit (10μg) for 4h maintaining a concurrent control. Cell viability was assessed by Trypan blue and MTT assay. Viability reduced significantly at 4h (78%)
in Pb treated cells compared to control or cells pretreated with CRP subunits
(92%). NBT and TBARS assays were performed to estimate O-2 and lipid peroxidation respectively. In TBARS assay microsomal fraction were heated with TBATCA-HCl and lipid peroxidation was measured at 535nm. GSH level was determined following the method of Sedlak and Lindsay (1968). In Pb treated cells there
was a 2fold increase in the rate of O-2 production and lipid peroxidation at 4h
against control. Concomitantly GSH depleted rapidly (2fold at 1h) in Pb treated
cells. GSH depletion was found to be insignificant in rat hepatocytes pretreated
with CRP subunits. Furthermore, reduced expression of HSP70 in CRP subunits
treated cells clearly indicates amelioration of metal stress. Thus a new functional
role of ACRP as a stress reducing agent in heavy metal toxicity in a vertebrate system emerges which warrants further research.
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DIETARY FAT IS A PRIMARY SOURCE OF LIPIDS IN
TCDD-ELICITED HEPATIC STEATOSIS.

M. M. Angrish1, 2, A. D. Jones3, B. D. Mets3 and T. R. Zacharewski1, 2, 3.
1Genetics, Michigan State University, East Lansing, MI, 2Center for Integrative
Toxicology, Michigan State University, East Lansing, MI and 3Biochemistry &
Molecular Biology, Michigan State University, East Lansing, MI.
2,3,7,8-Tetrachlorodibenzo-ρ-dioxin (TCDD) increases fatty acid (FA) transport,
and hepatic FA levels resulting in hepatic steatosis in mice. Although mobilization
of peripheral fat is one source, we investigated enhanced dietary fat uptake in
TCDD-elicited hepatic steatosis using diet, Scd1 null mice, and C14-lipid uptake
studies. C57BL/6 mice fed customized diets consisting of 5%, 10%, or 15% fat or
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50%, 60%, or 70% carbohydrate exhibited increased relative liver weights in all
groups following gavage with 30 μg/kg TCDD for 168 h. Gas chromatography/
mass spectrometry analysis of hepatic extracts identified a ~1.5-fold and ~2-fold FA
increase in mice on the carbohydrate and fat diets, respectively. Interestingly, mice
on the 5%, 10% and 15% fat diets exhibited a dose-dependent increase in the dietary essential FAs, linoleic acid (18:2n6) and α-linolenic acid (18:3n3). No dosedependent essential FA increase was detected in mice on the carbohydrate diets,
suggesting TCDD-induced steatosis is due to enhanced FA uptake rather than de
novo lipogenesis. In Scd1 null C57BL/6 mice, that are incapable of desaturating
stearate (18:0) to oleate (18:1n9), TCDD increased oleate 3-fold. This increase is
also consistent with TCDD enhancing dietary fat uptake since oleate represents
81% of all monounsaturated FA in Harlan 7964 Teklad F6 rodent chow. Moreover,
TCDD decreased serum C14 levels 1.7-fold, increased liver C14 levels 2-fold, and
decreased parametrial fat pad C14 content 3-fold, while having no effect on muscle
C14 levels. Notably, C14 levels were >50-fold higher in TCDD-treated livers compared to other examined tissues. This is consistent with the induction of lipid transport genes Cd36 and Fabp in the intestine and Cd36, Vldlr, and Ldlr in the liver by
TCDD. These results provide compelling evidence that increased uptake of dietary
fat is a primary source of lipids in TCDD-elicited hepatic steatosis. Funded by
SBRP P42ES04911.
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TCDD-ELICITED EFFECTS ON LIVER, SERUM, AND
ADIPOSE LIPID COMPOSITION IN SCD1+/+ AND SCD1/- MICE.

C. Y. Dominici1, M. M. Angrish2, 3, A. D. Jones1 and T. R. Zacharewski1, 2, 3.
& Molecular Biology, Michigan State University, East Lansing, MI,
2Genetics, Michigan State University, East Lansing, MI and 3Center for Integrative
Toxicology, Michigan State University, East Lansing, MI.
Mouse studies have shown that the aryl hydrocarbon receptor (AhR)-mediated induction of stearoyl-CoA desaturase -1 (Scd1) alters hepatic lipid composition in
2,3,7,8-tetrachlorodibenzo-ρ-dioxin (TCDD)-elicited steatosis. Comparative studies were conducted in fasted 4-week-old female Scd1+/+ and Scd1-/- mice treated with
30 μg/kg TCDD for 24, 72, and 168 h to investigate elicited changes in liver,
serum and adipose lipid composition. Relative liver weights were increased in both
Scd1+/+ and Scd1-/- mice at all time points while relative parametrial fat pad weights
decreased in Scd1+/+ (72 h) and Scd1-/- (72 and 168 h) mice. Gas chromatography/mass spectrometry (GC/MS) analysis of hepatic fatty acid methyl esters
(FAMES) at 168 h identified a ~150% increase in total fatty acids (FAs) in both
genotypes, and a 120%, 210%, and 135% increase in monounsaturated (MUFAs),
saturated (SFAs), and polyunsaturated fatty acids (PUFAs), respectively, in Scd1+/+
mice. In hepatic lipid profile comparisons between genotypes, SFA and PUFA levels decreased 21% and 11%, respectively, while MUFAs increased 234% in Scd1+/+
compared to Scd1-/- mice. Serum analysis identified a 7% and 11% decrease in absolute FA in Scd1+/+ and Scd1-/- mice, respectively. Serum lipid panels also revealed
TCDD decreased total cholesterol and high-density lipoprotein particles by 25% at
168 h in both genotypes. GC/MS analysis of adipose FAMES at 168 h identified a
TCDD-dependent 30% decrease in SFAs, MUFAs, and PUFAs in Scd1+/+ mice
whereas SFAs and PUFAs increased 30% and MUFAs didn’t change in Scd1-/- mice.
Adipose FA transporter, Slc27a1, was induced in both genotypes (3- to 7-fold) and
Adipoq, involved in lipid catabolism, was increased 1.6-fold in wild-type mice.
Collectively, these results suggest that, in addition to altered hepatic lipid composition, AhR mediates alterations in systemic lipid metabolism. Funded by SBRP
P42ES04911.

AN ONTOLOGY-BASED MECHANISTIC STUDY OF
DRUG-INDUCED LIVER INJURY USING
TOXICOGENOMICS.

Drug-induced liver injury (DILI) remains a major causes that result in termination
of drug development programs or regulatory actions. Drugs that cause similar
histopathological changes may induce DILI through similar mechanisms. Studying
drugs that cause the same histological picture and performing comparative analysis
of drugs with different histopathological manifestations could shed light on the
mechanisms of toxicity and guide further research using emerging technologies.
Currently, most histopathological terms used in the literature to describe DILI are
free text, which has resulted in diverse histopathological terms being used to describe the same injury in clinical reports. This makes the analysis and interpretation
of histopathological data difficult, especially for researchers without specialized
training in pathology. We reviewed the histopathological terms used in the literature to describe various liver injury types associated with 115 drugs that were either
withdrawn from the market due to hepatotoxicity or had indications of DILI in
FDA-approved drug labeling s. These terms were subsequently analyzed against the
morphological abnormality terms in Systematized Nomenclature of Medicine
(SNOMED), which resulted in a histopathological DILI ontology. The ontology
characterizes different DILI types in humans with a controlled vocabulary (i.e.,
standard histopathological term) and the logical relationships (i.e., hierarchical tree)
among them. We then mapped 115 drugs into the ontology terms. For each term,
we determined the genomic signatures based on the drugs with the gene expression
data available from Japanese Toxicogenomics database using ArrayTrack™. The
implications of genomic signatures were interpreted through pathway analysis
using KEGG and IPA. This ontology driven gene expression analysis linking to different levels of characterization of histopathology in DILI provides a new way to
discern mechanisms of different DILI types. The preliminary results from this
study will be discussed.
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DRUG-INDEPENDENT STRESS FACTORS AS
DETERMINANTS OF IDIOSYNCRATIC LIVER
TOXICITY?

S. Ramm and A. Mally. Department of Toxicology, University of Würzburg,
Würzburg, Germany. Sponsor: W. Dekant.
A SURVEY OF MECHANISMS FOR DRUG-INDUCED
LIVER INJURY.

V. Vijay and W. Tong. Systems Biology, National Center for Toxicological Research,
US FDA, Jefferson, AR.
Prediction of drug-induced liver injury (DILI) based on animal or in vitro models
for the risk in humans is often difficult because of a poor understanding and lack of
sufficient data on the mechanisms underpinning DILI in humans. The ultimate
end point of toxicity is cell death and several mechanisms/processes/pathways may
be involved in the causation of cell death. The DILI mechanisms are normally obtained from in vitro assays or animal models that may or may not reflect their
mechanism of injury in humans. Comparative analysis of the DILI mechanisms
across drugs could enhance our knowledge of key pathways and mode of actions of
DILI, and improve our understanding of their potential translation to humans.
However, many drugs that cause hepatotoxicity in humans work by unknown
mechanisms leading to difficulty in performing systematic studies. The objective of
this study is to collect DILI mechanism information from animal or in vitro models via literature survey and to find relationships between DILI mechanisms and
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Y. Wang, V. Vijay, M. Chen and W. Tong. National Center for Toxicological
Research, Jefferson, AR.

1Biochemistry
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various parameters described below. We conducted a literature review of the DILI
mechanisms associated with 49 drugs that are known to cause hepatocellular injury.
These drugs were classified under several types of DILI mechanisms such as mitochondrial dysfunction, oxidative stress, etc. Most of the drugs, which caused
cholestasis, veno-occlusive disease, steatosis, etc. in animal or in vitro models, were
found to cause the same condition in humans. It was also observed that out of 49
drugs, 15 drugs interact with 8 common genes including TNF, NFKB and CASP3,
which are incriminated in DILI. However, no patterns or relationships were found
between the mechanisms and drugs’ therapeutic classes, chemical classes, therapeutic mechanism of actions, and cellular targets. In summary, collection of known information on DILI mechanisms for a large set of drugs in one database will allow
scientists to evaluate common biomarkers thus potentially formatting quick mechanistic screens and predictive models that will save time and increase productivity.
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Although a basic understanding of the chemical and biological events leading to
idiosyncratic drug toxicity is still lacking, it appears that drug-independent risk factors that increase reactive metabolite formation, alter cellular stress and immune response, or a combination of these may be critical determinants in the response to an
otherwise non-toxic drug. Thus, we were interested (i) to determine the impact of
various drug-independent stress factors - lipopolysaccharide (LPS), poly I:C (PIC)
or glutathione depletion via buthionine sulfoximine (BSO) – on the toxicity of diclofenac (Dcl), a model drug associated with rare but significant cases of serious hepatotoxicity, and (ii) to understand if enhanced toxicity occurs through alterations
of drug metabolism and/or up-regulation of molecules thought to constitute “danger signals”. Co-treatment of rats repeatedly given therapeutic doses of Dcl for 7
days with a single dose of LPS resulted in severe liver toxicity accompanied by elevated serum aminotransferase activity. Neither LPS nor diclofenac alone or in combination with PIC or BSO had such an effect. While it is thought that bioactivation
to reactive Dcl acylglucuronides (AG) and subsequent protein adduct formation
contribute to Dcl induced liver injury, LC-MS/MS analyses did not reveal increased formation of Dcl-AG and Dcl-protein adducts in animals treated with
LPS/Dcl. However, LPS resulted in inhibition of Cyp450-dependent biotransfor-

mation to 4’- and 5-hydroxy-Dcl, consistent with down-regulation of various
Cyp450s (e.g. Cyp2C11) as evidenced by qRT-PCR. Hepatic gene expression
analysis suggested activation of NFκB and MAPK pathways and up-regulation of
co-stimulatory molecules (IL-1β, TNF-α, CINC-1) by LPS/Dcl and PIC/Dcl, but
also down-regulation of protective factors (HSPs, SOD2). However, only LPS/Dcl
lead to extensive release of pro-inflammatory cytokines (IL-1β, IL-6, IFN-γ, TNFα) and factors thought to constitute danger signals (HMGB1, CINC-1). Our results show that cellular stress mediated by LPS but not by PIC or BSO reduce the
threshold of diclofenac hepatotoxicity.
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INTERSTRAIN DIFFERENCES IN SUSCEPTIBILITY TO
LIVER INJURY INDUCED BY METHYL DEFICIENCY IS
ASSOCIATED WITH PPARα EXPRESSION.

T. Kobets1, A. de Conti2, L. Muskhelishvili3, V. Tryndyak1, F. A. Beland1 and I.
P. Pogribny1. 1US FDA National Center for Toxicological Research, Jefferson, AR,
2University of Saõ Paulo, Saõ Paulo, Brazil and 3Toxicologic Pathology Associates, US
FDA National Center for Toxicological Research, Jefferson, AR.
Nonalcoholic fatty liver disease (NAFLD) is a major health problem and the leading cause of chronic liver disease in the United States and developed countries. In
humans, genetic factors greatly influence individual susceptibility to NAFLD.
Elucidating the molecular basis for these individual differences to disease susceptibility, using relevant animal models, may substantially complement the many
shortcomings of humans-only studies and provide new targets not only for the
treatment of NAFLD, but also for its prevention. In order to model the interindividual differences in susceptibility to NAFLD, we fed a panel of inbred mouse
strains (A/J, C57BL/6J, C3H/HeJ, 129S/SvImJ, CAST/EiJ, PWK/PhJ, and
WSB/EiJ) a methyl-deficient diet for 12 weeks. The goals of this study were to
compare the magnitude of interindividual differences in sensitivity to liver injury
induced by methyl-deficiency among individual inbred strains of mice, and to investigate possible underlying mechanisms associated with such variability. Feeding
mice the methyl-deficient diet caused liver injury similar to NAFLD-associated
pathomorphological changes; however, the magnitude of liver injury ranged, with
the order of sensitivity being: A/J < C57BL/6J < C3H/HeJ < 129S/SvImJ <
CAST/EiJ < PWK/PhJ < WSB/EiJ. Interestingly, pathomorphological changes and
common clinical biochemical parameters correlated tightly with the down-regulation of Pparα expression (r = - 0.72; p < 0.05) in the mouse liver. These findings
demonstrate that Pparα expression is an important factor in determining individual susceptibility to NAFLD and one of the key mechanisms in protecting liver
from injury induced by the methyl-deficiency.
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N-ACETYL-META-AMINOPHENOL, THE ALLEGED
NONTOXIC ISOMER OF ACETAMINOPHEN, IS TOXIC
IN BOTH RAT AND HUMAN PRECISION-CUT LIVER
SLICES.

M. Hadi1, B. Herpers2, S. Dragovic3, R. van Swelm4, F. Russel4, J.
Commandeur3, B. van de Water2 and G. Groothuis1. 1Pharmacokinetics,
Toxicology and Targeting, GRIP, University of Groningen, Groningen, Netherlands,
2Toxicology, LACDR, Leiden University, Leiden, Netherlands, 3Molecular Toxicology,
LACDR, VU Amsterdam, Amsterdam, Netherlands and 4Pharmacology and
Toxicology, Radboud University Nijmegen Medical Centre, Nijmegen, Netherlands.
N-acetyl-meta-aminophenol (AMAP) is generally considered as a non-toxic regioisomer of the well-known hepatotoxicant acetaminophen (APAP). However, so far
AMAP has only been shown to be non-toxic in mice and hamsters. To investigate
whether AMAP could also be used as non-toxic analog of APAP in studies in rat
and human, the toxicity of APAP and AMAP was tested ex vivo in precision-cut
liver slices (PCLS) of mouse, rat and human. Based on ATP content and histomorphology, APAP was most toxic in mouse and least toxic in human PCLS.
Surprisingly, although AMAP showed a much lower toxicity than APAP in mouse
PCLS, AMAP was more toxic than APAP at all concentrations tested in both rat
and human PCLS. In HepG2 cells, AMAP caused similar apoptosis and induced a
higher Nrf2-mediated oxidative stress signal than APAP. The protein profile in the
medium of AMAP-treated rat PCLS was similar to that of APAP, whereas in the
medium of mouse PCLS it was similar to the control. Metabolite profiling indicated that mouse PCLS produced the highest amount of glutathione conjugate of
APAP, while no glutathione conjugate of AMAP was detected in all three species.
Mouse also produced ten times more hydroquinone metabolites of AMAP, the assumed proximate reactive metabolites, than rat or human. In conclusion, AMAP
can be used as non-toxic isomer of APAP in mouse but not in rat and human. The
marked species differences in APAP and AMAP toxicity and metabolism underline
the importance of using human tissues for better prediction of toxicity in man.
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IDENTIFICATION OF GLUTATHIONE CONJUGATES
OF BENZYL AND ETHYL BROMIDE IN MALE
SPRAGUE DAWLEY RATS.

T. Jeong1, S. Lee2, M. Kang1, D. Oh1, K. Lee3 and H. Jeong4. 1Pharmacy,
Yeungnam University, Gyeongsan, Gyeongbuk, Republic of Korea, 2Pharmacy,
Kyungpook National University, Daegu, Republic of Korea, 3Pharmacy, Chonnam
National University, Gwangju, Republic of Korea and 4Pharmacy, Chungnam
National University, Daejeon, Republic of Korea.
Organic halides have been used for syntheses of many drugs. In the present study,
hepatotoxic effects of two brominated compounds, benzyl bromide and ethyl bromide, and their conjugation with glutathione (GSH) were compared in male
Sprague Dawley rats. Animals were treated orally with benzyl bromide at 500 and
1,000 mg/kg in corn oil once or treated orally with ethyl bromide at 1,000 and
1,500 mg/kg for 24 hr. S-Benzyl GSH and S-ethyl GSH were identified in livers
treated with benzyl bromide and ethyl bromide, respectively, by liquid chromatography-electrospray ionization tandem mass spectrometry. At the doses used, benzyl
bromide showed increased activities of serum alanine aminotransferase and aspartate aminotransferase. Meanwhile, ethyl bromide was not hepatotoxic at the doses
tested in the present study. Hepatic GSH levels were almost completely depleted by
the treatment with benzyl bromide. However, the decrease in GSH by ethyl bromide was relatively marginal. The present results suggest that the decreased level of
hepatic GSH, due to the formation of GSH conjugates, might be a critical process
for the toxicity induced by low molecular weight brominated compounds.
[Supported by a grant (2010-00266220) from National Research Foundation of
Korea.]
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THE ROLE OF COMPLEMENT ACTIVATION IN
ACETAMINOPHEN-INDUCED LIVER INJURY IN MICE.

R. Singhal1, P. E. Ganey2 and R. A. Roth3. 1Pharmacology and Toxicology,
Michigan State University, East Lansing, MI, 2Pharmacology and Toxicology,
Michigan State University, East Lansing, MI and 3Pharmacology and Toxicology,
Michigan State University, East Lansing, MI.
Acetaminophen (APAP) is a commonly consumed drug. Overdose results in acute
liver failure in humans and in experimental animal models. The role of complement activation in APAP-induced hepatotoxicity has not been evaluated.
Complement comprises more than 30 proteins that can participate in tissue injury
and/or repair. Treatment of male, C57Bl6J mice with APAP (200-400 mg/kg) resulted in liver injury as evidenced by increased activity of alanine aminotransferase
(ALT) in plasma, hepatocellular necrosis and neutrophil infiltration in liver. C3 is a
central component of the complement pathway. C3 concentration in plasma was
significantly reduced by 6h after treatment with APAP. Immunostaining with antiC3b antibody revealed accumulation of C3b around the centrilobular, necrotic
areas. These results suggest activation of complement components by APAP treatment. Cobra venom factor (CVF) was used to deplete complement components.
Pretreatment with CVF (15 U/mouse) abolished APAP-mediated C3b accumulation, and this was accompanied by a reduction at 24 h in plasma ALT activity, hepatocellular necrosis, hepatic neutrophil infiltration and expression of inflammatory genes (IL-6, IL-10 and PAI-1) relative to mice treated with APAP alone. Loss
of hepatocellular glutathione was similar in APAP-treated mice pretreated with
saline or CVF, suggesting that CVF pretreatment did not affect APAP bioactivation. Mice deficient in C3 had reduced ALT activity in plasma 6 and 12 h after
APAP administration compared to wild-type animals. These data implicate a key
role for complement activation in hepatic inflammation and progression of injury
during the pathogenesis of APAP-induced hepatotoxicity. (Supported by NIH
grant R01DK087886).
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NOVEL PROTECTIVE MECHANISMS OF
ACETAMINOPHEN (APAP) HEPATIC TOXICITY BY SADENOSYL-L-METHIONINE (SAME).

J. Brown1, A. B. Lamyaithong2, J. G. Ball1, S. Van Meter1, M. S. Wright1, A.
Mills3 and M. A. Valentovic1. 1Pharmacology, Physiology and Toxicology, Marshall
University School of Medicine, Huntington, WV, 2Wheeling Jesuit University,
Wheeling, WV and 3Murray State University, Murray, KY.
Acetaminophen (APAP) toxicity is the leading cause of drug induced liver toxicity
in the United States. APAP toxicity involves biotransformation to a toxic metabolite and a subsequent rise in oxidative stress. Oxidative stress may cause protein
modifications and alter cellular polyamine homeostasis. The purpose of this study
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was to evaluate S-S-adenosyl-L-methionine (SAMe) protection of APAP induced
subcellular post-translation modification of proteins and polyamine homeostasis.
The hypothesis was that S-adenosyl-L-methionine (SAMe) may prevent oxidative
stress and protect polyamine pathways. Mice were divided into vehicle (VEH, 15
ml/kg water ip), SAMe (1.25 mmol/kg 5 ml/kg ip), APAP (250 mg/kg ip), SAMe
and APAP (SAMe administered one hour after APAP) and livers were collected 2,
4, and 6 h following APAP. Western analysis of hepatic subcellular fractions evaluated 4-Hydroxynonenal posttranslational modifications occurring after APAP
treatment. APAP at 4h induced 4-hydroxynonenal (4HNE) adduction of carbomyl
phosphate synthetase-1 (CPS-1). 3-Nitrotyrosine (3-NT) adduction of mitochondrial proteins was significantly increased 2 and 4 h following APAP compared to
VEH. The APAP associated rise in 3-NT adduction within mitochondrial fractions
was reduced by SAMe at 4 h post APAP. APAP depressed spermine (Spm) at 4 and
6 h, while SAMe increased Spm levels, when given after APAP. In conclusion, we
have identified novel protection mechanisms of SAMe against APAP toxicity.
(Supported by NIH Grants INBRE 3P20RR016477-09S4 and 5P20RR016477 to
the West Virginia IDeA Network for Biomedical Research Excellence).
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PEROXYNITRITE IS CENTRAL TO INCREASED
HEPATIC LEPTIN RESISTANCE IN XENOBIOTIC
METABOLISM OF CYP2E1- INDUCED NASH.

S. Chatterjee1, E. J. Tokar2, M. Kadiiska1, M. Waalkes2 and R. P. Mason1.
1Laboratory of Toxicology and Pharmacology, NIEHS, Research Triangle Park, NC
and 2National Toxicology Program, NIEHS, Research Triangle Park, NC.
We hypothesized that xenobiotic metabolism by CYP2E1 induced steatohepatitis
of obesity increases circulatory leptin and down regulates both OB-Ra and OB-Rb
forms of leptin receptor through peroxynitrite mediated free radical mechanisms.
Results indicated that steatohepatitis progression by carbon tetrachloride induced
bioactivation of CYP2E1 increased serum leptin levels significantly (48ng/ml in
diet induced obese mice (DIO) to132 ng/ml in DIO mice with steatohepatitis).
This was also associated with redox stress in steatohepatitic livers, inhibitable by either, or NADPH oxidase inhibitor apocynin or iNOS inhibitor 1400W and in
NADPH oxidase or iNOS KO mice. Macrophage depleted DIO mice had significantly decreased oxidative stress suggesting that resident macrophages were the seat
of free radical induced inflammation. Since presence of both forms of leptin receptors OB-Ra and OB-rb has been shown in the liver, we explored the expression patterns of these receptors in the stetohepatitis model. OB-Ra and OB-Rb mRNA expression was significantly reduced in steatohepatitis of obesity (16% and 44%
respectively) when compared mice with no steatohepatitis. Administration of
FeTPPS alone increased the expression OB-Ra and OB-Rb(12 fold and 21 fold respectively) while administration of apocynin or 1400W increased it 3 and 5 folds
respectively when compared to steatohepatitic mice. Finally mice that were depleted for resident macrophages had increased expression of both OB-Ra and OBRb. Further FeTPPS induced increases in both OB-Ra and OB-Rb isoforms of the
leptin receptor had a significant correlation with improved prognosis in steatohepatitis as evidenced by lesser tissue damage. Thus our data for the first time show that
peroxynitirte mediated free radical mechanisms are key to induction of increased
leptin resistance and steatohepatitic lesions in obesity following xenobiotic metabolism of CYP2E1.
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DEVELOPMENT OF A TOXICITY PROFILE FOR THE
HEPATOCARCINOGENIC CONAZOLES:
CYPROCONAZOLE, EPOXICONAZOLE, AND
PROPICONAZOLE.

S. Nesnow2, T. Moore2, W. Padgett3, L. Murphy2, C. Wood2 and S. D. Hester1.
1Systems Biology Branch, US EPA, Durham, NC, 2Cancer Biology Branch, US EPA,
Durham, NC and 3Research Cores Unit, US EPA, Durham, NC.
Conazoles are fungicides used in farming as pesticides and in medicine as pharmaceutical agents. The mechanism of conazole-liver carcinogenesis in mice has been
the subject of intensive investigations. The motivation for this study was to apply
toxicological and transcriptomic approaches to develop a toxicity profile for hepatocarcinogenic conazoles using cyproconazole, epoxiconazole and propiconazole. In
the current study, male CD-1 mice were fed dietary levels of cyproconazole (0, 50,
100, or 200 ppm), epoxiconazole (0, 50, 200, or 500 ppm) or propiconazole (0,
500, 1250 or 2500 ppm) for 30 d. Each conazole induced hepatomegaly and hepatocyte hypertrophy, decreased serum cholesterol and hepatic levels of all-trans
retinoic acid, and increased hepatic cell proliferation. Microarray-based transcriptional analysis revealed 330 differentially expressed probesets common among these
conazoles, including strong dose-dependent responses for CYPs, glutathione Stransferases, and markers of oxidative stress. Further analyses identified an 80 gene
subset common to the three conazoles that were functionally related to cancer.
Within these genes were pathways associated with xenobiotic metabolism, oxidative

76

SOT 2012 ANNUAL MEETING

stress, cell signaling, and cell proliferation. A common TGFα-centric gene signaling
pathway was identified that explains the positive effects on proliferation produced
by these tumorigenic conazoles. (This abstract does not reflect EPA policy and
mention of trade names is not an endorsement for any product).
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EFFECT OF DIETARY FAT/CARBOHYDRATE RATIO ON
PROGRESSION OF ALCOHOLIC LIVER INJURY AND
BONE LOSS IN RATS FED VIA TOTAL ENTERAL
NUTRITION (TEN).

M. Ronis1, 2, K. Mercer1, 2, L. Suva3, J. Badeaux1, M. Ferguson1, W. Hogue3,
N. Shama1 and T. Badger1, 4. 1Arkansas Children’s Nutrition Center, University of
Arkansas for Medical Sciences, Little Rock, AR, 2Pharmacology & Toxicology,
University of Arkansas for Medical Sciences, Little Rock, AR, 3Orthopedic Surgery,
University of Arkansas for Medical Sciences, Little Rock, AR and 4Physiology &
Biophysics, University of Arkansas for Medical Sciences, Little Rock, AR.
Diet is an important factor in the development of alcoholic liver injury. However,
few studies have examined the effects of diet on the dynamics of injury progression
or on alcohol-induced bone loss. In the current study, 300 g male Sprague-Dawley
rats (N = 10/group) were intragastrically infused isocaloric liquid diets via TEN
where fat content was either 5% (high carbohydrate, HC) or 45% (high fat) with or
without ethanol (EtOH) substitution for carbohydrate calories to a final level of 13
g/kg/d. After TEN feeding for 14, 28 or 67 d, rats were sacrificed and liver and tibial bone analyzed. HC rats gained more weight and had larger fat pads than HF rats
with or without EtOH (P<0.05), wheras blood/urine EtOH values did not differ.
Steatosis developed more rapidly in EtOH/HC rats than EtOH/HF rats (P<0.05)
accompanied by increases in mRNAs encoding genes involved in fatty acid (FA)
synthesis (FASN, ACC1). However, over time control rats also developed steatosis
associated with increased expression of the FA transporter CD36. Genes related to
FA degradation were elevated by EtOH-independent of diet (P<0.05), but no effects were observed on genes associated with VLDL synthesis. Despite higher levels
of steatosis, HC/EtOH rats had no increase in lipid peroxidation until day 67 and
no increases in necrosis relative to controls. In contrast HF/EtOH rats had increased lipid peroxidation from day 28 and increased necrosis over controls and
higher expression of CYP2E1 and CYP4A1 enzymes over HC/EtOH rats by day
67. In contrast, no dietary differences were observed on EtOH-induced loss of
bone mineral density or strength. Supported in part by R01 AA08645 (TMB), R01
AA018282 (MR).
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THE ROLE OF SERINE/THREONINE KINASE (STK) IN
LIVER MACROPHAGE ACTIVATION FOLLOWING
ACETAMINOPHEN (APAP) INTOXICATION.

C. R. Gardner1, V. Mishin1, P. Hankey3, J. D. Laskin2 and D. L. Laskin1.
1Rutgers University, Piscataway, NJ, 2University of Medicine and Dentistry New
Jersey/Robert Wood Johnson Medical School, Piscataway, NJ and 3Penn State
University, University Park, PA.
Classically activated macrophages and mediators they release play an important role
in promoting APAP hepatotoxicity, while, alternatively activated macrophages are
involved in wound repair. Hepatocyte-derived macrophage stimulating protein
functions to promote alternative macrophage activation by binding to its receptor,
STK. STK-/- mice were used to analyze the role of this protein in regulating alternative macrophage activation following APAP intoxication. STK-/- mice were significantly more sensitive to APAP than wild type (WT) mice. Thus, while administration of APAP (300 mg/kg, ip) to WT mice resulted in 8% mortality at 24 h, in
STK-/- mice, mortality was 44%. Surviving STK-/- mice exhibited severe hemorrhagic centrilobular hepatic necrosis with injury extending into the midzonal and
portal regions of the liver, a response which was not evident in WT mice. This was
accompanied by significantly greater increases in serum transaminses which were
apparent within 6 h of APAP intoxication. Increased hepatotoxicity was not due to
differences in APAP metabolism, as measured by serum levels of free APAP and
APAP-glucuronide. However, a persistent depletion of hepatic glutathione was
noted in livers of STK-/- mice when compared to WT mice. This was correlated
with increased expression of heme-oxygenase-1, a marker of oxidative stress. In WT
mice, APAP intoxication resulted in a time related increase in expression of
macrophage chemotactic protein-1 (MCP-1) and tumor necrosis factor-α (TNFα),
which are known to be important in recruiting alternatively activated macrophages
into the liver and initiating tissue repair. Expression of these mediators was significantly reduced in STK-/- mice. These data demonstrate that STK plays an important role in regulating alternative macrophage activation and tissue repair in the
liver following APAP intoxication. Supported by NIH GM034310, ES004738,
CA132624, AR055073 and ES005022.
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INCREASED BILE ACID CONCENTRATIONS BY
GRADED CALORIE RESTRICTION: ROLE OF CYP7A1.

Z. Fu and C. D. Klaassen. Department of Pharmacology and Toxicology, Kansas
University Medical Center, Kansas City, KS.
Calorie restriction (CR), which is reduced calorie intake without causing malnutrition, is one of the most effective interventions to increase longevity in mammals.
Bile acids (BAs) are signaling molecules regulating the homeostasis of glucose,
lipids, and energy. Feeding cholic acid (CA) to wild-type mice reproduced the
xenobiotic metabolism gene expression profiles observed in long-lived lit/lit mice.
In addition, lithocholic acid (LCA) was reported to be a potent anti-aging compound in yeast. There is a fundamental knowledge gap regarding the effect of CR
on BA homeostasis. The objective of this study was to characterize the effect of
graded CR (0, 15, 30, and 40%) for one month on BA homeostasis in male
C57BL/6 mice. By UPLC-MS/MS, 20 individual taurine-conjugated and unconjugated BAs were quantified in sera, livers, and gallbladders. Compared to ad libitum feeding, 40% CR increased total BAs in sera (3.3-fold), livers (2.5-fold), and
gallbladders (1.7-fold). The increase in total BAs in sera and gallbladders was due to
equal-fold increases in conjugated and unconjugated BAs. The concentrations of
many individual BAs increased with increased CR, namely TCA, TDCA, DCA,
LCA, and ωMCA in sera, TDCA and CDCA in livers, as well as TCA, TDCA, and
DCA in gallbladders. By multiplex suspension assay, mRNAs of BA-related genes
were quantified in livers and ilea. The 40% CR increased the mRNA of the ratelimiting BA-synthetic enzyme Cyp7a1 (3.3-fold), whereas it decreased the mRNAs
of other BA-synthetic enzymes, namely Cyp8b1 (54.9%) and Cyp7b1 (76.2%). In
addition, 40% CR increased the mRNA of the BA taurine conjugation enzyme
BAL (2.2-fold). The mRNAs of hepatic (Ntcp and Bsep) and ileal BA transporters
(Asbt and Ostα/β) did not change with CR. In conclusion, BA concentrations are
increased by 30 and 40% CR, with increases in many individual BAs in a “caloriedependent” manner. The mechanism of the increased BAs in the CR mice appears
to be due to increased expression of the BA-synthetic enzyme Cyp7a1. (Supported
by NIH grants ES-009649, ES-019487, and DK-081461)
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EXACERBATION OF ACETAMINOPHEN-INDUCED
HEPATOTOXICITY BY THE ANTHELMENTIC DRUG
FENBENDAZOLE.

D. L. Laskin1, V. Mishin1, J. D. Laskin2 and C. R. Gardner1. 1Rutgers University,
Piscataway, NJ and 2University of Medicine and Dentistry of New Jersey, Robert Wood
Johnson Medical School, Piscataway, NJ.
Fenbendazole (methyl 5-(phenylthio)-2-benzimidazole, Fen) is a broad spectrum
anthelmintic agent commonly added to laboratory rodent feed to prevent or treat
pinworm infestation. Potential interactions between Fen and hepatotoxicants are
unknown. In the present studies, we examined the interaction between Fen and
acetaminophen (APAP). Mice were fed a control diet or a diet containing Fen (8-12
mg/day) for 7 days prior to APAP intoxication (300 mg/kg). We found that mice
fed the Fen-containing diet were significantly more sensitive to APAP then mice on
the control diet. Thus mice on the Fen diet exhibited exaggerated centrilobular hepatic necrosis and increased serum transminase levels when compared to animals
fed a control diet. Moreover, administration of APAP to mice on the Fen diet resulted in 63% mortality by 24 h compared to no mortality in mice fed a control
diet. The Fen-containing diet alone caused no hepatotoxicity. Analysis of liver microsomal cytochrome P450s (cyp’s) revealed that Fen had no effect on the activities
of cyp2e1 or cyp3a, the major enzymes mediating the generation of the toxic APAP
metabolite, NAPQI. In contrast, cyp1a2 activity was suppressed. A prolonged suppression in hepatic glutathione (GSH) was also noted in APAP-treated mice fed the
Fen diet when compared to the control diet. These data demonstrate that Fen exacerbates the hepatotoxicity of APAP, an effect which is related to GSH depletion.
These findings suggest a potential drug-drug interaction that should be considered
in rodent colonies treated with Fen. Supported by NIH GM034310, ES004738,
CA132624, AR055073 and ES005022.
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AURANOFIN PROTECTS AGAINST COCAINEINDUCED HEPATIC INJURY THROUGH INDUCTION
OF HEME OXYGENASE-1.

T. Ashino1, J. Sugiuchi1, J. Uehara1, Y. Naito-Yamamoto1, S. Kenmotsu1, Y.
Iwakura2, S. Shioda3, S. Numazawa1 and T. Yoshida1. 1Biochemical Toxicology,
Showa University, Tokyo, Japan, 2Molecular Pathogenesis, Institute of Medical
Science, University of Tokyo, Tokyo, Japan and 3Anatomy, Showa University, Tokyo,
Japan.
Auranofin, a disease-modifying gold compound, has been empirically applying to
the management of rheumatoid arthritis. It is reported in vitro that auranofin suppresses the release of inflammatory cytokines from immune cells; moreover, the
drug has an ability to induce heme oxygenase-1 (HO-1), a rate-limiting enzyme for

heme degradation and an oxidative stress responsive protein. However, action of
auranofin in vivo and effect against chemically-induced hepatic injury are obscure.
Cocaine is a local anesthetic and well known to be one of major abuse drugs. It is
known that cocaine mediates organ toxicities including injury to the liver. We thus
investigated a protective effect of auranofin against hepatic injury induced by cocaine. Cocaine (75 mg/kg) markedly increased serum alanine amino transferase
(ALT) (4,130 IU/L) and aspartate amino transferase (AST) (1,730 IU/L) activities
at 16 h after treatment, and induced hepatic necrosis surrounding central veins in
mice. Concurrently, overexpression of HO-1 was identified at the edges of cocainemediated necrotic area. Auranofin (10 mg/mL, i.p.) significantly induced hepatic
HO-1 protein in mice from 12 h after treatment. Interestingly, pretreatment with
auranofin resulted in the prevention of the increase of serum ALT and AST activities in a dose-dependent manner. On the other hand, although cocaine increased
tumor necrosis factor α (TNFα) gene expression in mouse livers, cocaine-induced
liver injury was observed in TNFα deficient mice as well as wild-type mice.
Auranofin-inducded HO-1 gene expression was observed in human primary hepatocytes as well as mouse primary hepatocytes. The present findings suggest that auranofin is effective in preventing cocaine-induced hepatic injury, and HO-1 may
contribute to protect aginst chemically-induced cytotoxicity.

361

ROLE OF BMP/SMAD SIGNALING IN
ACETAMINOPHEN-INDUCED DOWN REGULATION
OF MOUSE LIVER HEPCIDIN EXPRESSION.

R. P. van Swelm1, C. M. Laarakkers2, L. Blous1, S. J. Ooms1, R. Masereeuw1
and F. G. Russel1. 1Pharmacology and Toxicology, Radboud University Nijmegen
Medical Centre, Nijmegen, Netherlands and 2Laboratory Medicine, Radboud
University Nijmegen Medical Centre, Nijmegen, Netherlands.
Granted by Dutch Top Institute Pharma (D3-201: Towards novel translational
strategies for adverse drug reactions). Introduction: The exact intracellular mechanisms by which acetaminophen (APAP) causes liver injury are unknown. We found
decreased plasma hepcidin levels after APAP-induced liver injury in mice. Since the
bone morphogenic protein (Bmp)/small mothers against decapentaplegic (Smad)
signaling cascade is central to the regulation of hepcidin, we investigated the effect
of APAP-induced liver toxicity on this pathway. Methods: Male FVB mice were
treated with a single intraperitoneal dose of APAP (0-350 mg/kg bw). Liver tissue
was collected 24 h post-dosing and liver injury was determined using plasma ALT
values. Liver mRNA expression of hepcidin and Bmp/Smad-related genes were determined using qPCR. To check for their activity, phosphorylation of Smad1,5,8
and Smad2,3 was measured with Western blot. Results: Liver mRNA expression of
hepcidin and Smad4 gradually declined with rising plasma ALT values and were
significantly decreased to 25% in mice with plasma ALT >1000 U/L compared to
control mice (p<0.01). Bmp6 mRNA expression was significantly lowered to 50%
in mice with ALT >5000 U/L (p<0.001) compared to control. Phosphorylation of
Smad1,5,8, but not Smad2,3, was reduced in mice with plasma ALT >5000 U/L.
HepG2 cells were used to assess whether APAP reduces hepcidin expression via the
Bmp/Smad pathway. Incubation with 5 mM APAP during 6 h resulted in a significant decrease of 90% in hepcidin mRNA expression (p<0.05) and decreased protein expression of Smad4, compared to untreated HepG2 cells. Principal conclusion: APAP-induced decrease of hepcidin mRNA expression is accompanied by
decreased mRNA expression of Smad4 and Bmp6 and reduced phosphorylation of
Smad1,5,8 in mouse liver, suggesting inhibition of the Bmp/Smad pathway as
causative mechanism.

362

EFFECTS OF CARTHAMUS TINCTORIUS ETHANOL
EXTRACT AND ISOLATED TERPINEOL ON
STEATOGENIC HEPATOTOXICITY.

Y. Choi1, Y. Yoon1, K. Lee1, S. Lee2 and B. Lee1. 1College of Pharmacy, Seoul
National University, Seoul, Republic of Korea and 2College of Pharmacy, Yeungnam
University, Gyeongbuk, Republic of Korea.
Herbal medicine is widely used in many countries for the treatment of many diseases. Although the use of herbal extract as alternative medicine is even growing,
their toxicological properties have not been thoroughly investigated. In this study,
we investigated the effects of Carthamus tinctorius ethanol extract and its constituents, such as carthamin, terpinene, camphor and terpineol, on fatty liver in
human hepatoma cells. The Carthamus tinctorius ethanol extract induced the lipid
accumulation in Sk-hep1 human hepatoma cells as determined by nile red staining.
It increased the luciferase activity of SRE indicating the possibility of the enhanced
fatty acid synthesis. To identify the components responsible for the fat accumulation, we tested 4 chemicals isolated from the Carthamus tinctorius. Terpineol and
terpinene increased the accumulation of lipid droplet significantly. Terpineol induced the maturation of SREBP-1c, the binding of SREBP-1c to sterol regulatory
element (SRE) of its lipogenic target genes, and the expression of genes for fatty
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acid synthesis. Conversely, terpineol-induced SREBP-1c activity was inhibited by
rapamycin pre-treatment. These data provide evidence that terpineol can cause
fatty liver disease mediated by activating fatty acid synthesis regulated by SREBP1c.

365

LYSOSOMAL DIVALENT METAL TRANSPORTER 1
(DMT-1)-MEDIATED IRON RELEASE CONTRIBUTES
TO ISCHEMIA REPERFUSION INJURY IN RAT
HEPATOCYTES.

X. Zhang, J. Schwartz and J. J. Lemasters. Center for Cell Death, Injury &
Regeneration, Department of Pharmaceutical Sciences, Medical University of South
Carolina, Charleston, SC.

363

INCREASED SUSCEPTIBILITY TO DRUG-INDUCED
TOXICITY IN NONALCOHOLIC STEATOHEPATITIS.

R. N. Hardwick, A. D. Lake, M. J. Canet, M. D. Merrell and N. J.
Cherrington. Pharmacology and Toxicology, University of Arizona, Tucson, AZ.
Adverse drug reactions (ADRs) often arise from inter-individual variation in drug
metabolism and disposition, and resulted in 82,724 deaths in 2010. Hepatic drug
metabolizing enzymes and transporters play a crucial role in determining the fate of
most drugs. Alterations in these processes can place individual patients at greater
risk for ADRs. We have shown that nonalcoholic steatohepatitis (NASH), the most
severe form of nonalcoholic fatty liver disease (NAFLD), leads to increased systemic
retention of acetaminophen and ezetimibe due to elevated expression of sinusoidal
transporters and disrupted localization of canalicular transporters. These transporters (Abcc1, 2, 3, 4, Abcb1, and Abcg2) are responsible for the disposition of
numerous drugs such as methotrexate, which has significant toxicity that varies between patients. The purpose of the current study was to determine the effect of
NASH on the disposition and toxicity of MTX. Sprague-Dawley rats were fed either a control or methionine-choline deficient diet for 8 weeks to induce NASH,
followed by administration of a single i.p. dose of vehicle, 10, 40, or 100mg/kg
MTX. Blood, urine, and fecal samples were collected up to 96 hours, followed by
terminal tissue collection. At the onset of MTX dosing, Abcc1, 2, 3, 4, Abcb1, and
Abcg2 were elevated in NASH livers, whereas Abcc2 and Abcb1 appeared to be removed from the canalicular membrane. Importantly, 40 and 100mg/kg doses of
MTX resulted in hepatocellular damage followed by initiation of repair (as evidenced by positive PCNA staining) only in NASH animals. Control livers, regardless of MTX dose, did not exhibit significant hepatocellular damage and repair. In
contrast, intestinal toxicity in NASH animals tended to be less severe, possibly due
to altered MTX hepatobiliary disposition. These data suggest that the hepatobiliary
disposition of MTX, governed by expression and localization of efflux transporters,
may be altered in NASH, resulting in increased susceptibility to MTX hepatotoxicity.

364

L-SERINE ATTENUATES STEATOSIS BY SUPPRESSION
OF HYPERHOMOCYSTEINEMIA.

W. Sim1, H. Choi1, H. Yin1, H. Kwak2, S. Kim2 and B. Lee1. 1College of
Pharmacy, Seoul National University, Seoul, Republic of Korea and 2College of
Pharmacy, Chunnam National University, Daejeon, Republic of Korea.
Increasing evidence showed that hyperhomocysteinemia plays an important role in
the development of steatosis. In this study we evaluated the effects of L-serine (Lser) on the ethanol-induced steatosis and elucidated the possible mechanisms of action in terms of the inhibition of the maturation of SREBP-1c through suppression
of hyperhomocysteinemia. In vitro studies showed that treatment of AML-12
murine hepatocytes with methionine and homocysteine increased the intracellular
homocysteine levels and triglyceride contents, whereas cotreatment with L-ser decreased the homocysteine and triglyceride accumulation. L-ser treatment increased
the expression of insulin-induced gene-1 (INSIG-1) and inhibited the maturation
and translocation of SREBP-1c to the nucleus. Transfection of the cells with siRNA
for betaine homocysteine S-methyltransferase (BHMT) or cystathionine beta-synthase (CBS) increased cellular homocysteine and triglyceride level possibly due to
the increase in the activation of SREBP-1. L-ser treatment reversed the SREBP-1
activation and triglyceride accumulation in BHMT siRNA-transfected cells, but
not in CBS siRNA transfected cells. Male C57BL/6 mice received ethanol (5g/kg
body weight) by gavage every 12 hours for a total 3 times. L-ser (200mg/kg body
weight) was administrated by gavage for the last two ethanol treatment. L-Ser treatment significantly attenuated hyperhomocysteinemia. Ethanol-induced activation
of SREBP-1 and accumulation of triglyceride in the liver were reversed by L-ser.
These results demonstrate that L-ser inhibits hyperhomocysteinemia by accelerating the conversion of homocysteine to cystathionine which results in the amelioration of SREBP-1 activation and fatty liver.

Translocation of chelatable iron from lysosomes to mitochondria plays a key role in
ischemia-reperfusion (IR) injury of rat hepatocytes. However, the mechanism of
iron release from lysosome during ischemia remains unknown. Divalent Metal
Transporter 1 (DMT-1) is a cation transporter that mediates translocation of Fe2+
across lysosomal membranes. Accordingly, our AIM was to investigate the role of
DMT-1 in IR-induced lysosomal iron release and iron-dependent oxidative injury
in rat primary hepatocytes. Methods: Overnight cultured hepatocytes were incubated anoxically at pH 6.2 for 4 h and re-oxygenated at pH 7.4 to simulate IR.
Chelatable Fe2+ and mitochondrial membrane potential were monitored by confocal fluorescence microscopy of calcein and tetramethylrhodamine methyl ester
(TMRM). ROS generation and cell killing were assessed by chloromethyl dichlorofluorescein (cmDCF) and propidium iodide fluorometry. Results: Ischemia-induced quenching of cytosolic calcein was blocked by pretreatment with ebselen (20
μM), an inhibitor of DMT-1, whereas the antioxidant N-Acetyl-Cysteine (NAC,
0.5 mM) and the lipid radical scavenger DPPD (1 μM) had no inhibitory effect.
Ferristatin (50 μM), another inhibitor of DMT-1, also suppressed quenching of cytosolic calcein produced by ischemia. In addition, ebselen and ferristatin inhibited
quenching of calcein loaded into mitochondria, indicating that inhibition of
DMT-1 blocked mitochondrial iron uptake. Importantly, ebselen and ferristatin
added before ischemia attenuated ROS formation, opening of mitochondrial permeability transition pores and cell killing after reperfusion. Conclusions: Taken together, the results indicate that DMT-1 mediates lysosomal iron release into the cytosol during ischemia. Lysosome-derived iron then enters mitochondria and
contributes to iron-dependent oxidative injury and cell killing after reperfusion.
Thus, DMT-1 is a potential therapeutic target against IR-induced hepatotoxicity.

366

INTERSTRAIN DIFFERENCES IN OXIDATIVE STRESSINDUCED BY A LIPOTROPE METHYL-DEFICIENT
DIET IN MICE.

I. Koturbash1, S. Melnyk2, B. Montgomery1, S. Shymonyak3, L. Collins3, I.
Rusyn3, F. A. Beland1 and I. P. Pogribny1. 1Biochemical Toxicology, National Center
for Toxicological Research, Jefferson, AR, 2University of Arkansas for Medical Sciences,
Little Rock, AR and 3University of North Carolina at Chapel Hill, Chapel Hill, NC.
Nonalcoholic fatty liver disease (NAFLD), the most common cause of chronic liver
disease in the US, includes a range of liver injury from steatosis to steatohepatitis,
fibrosis, and cirrhosis, and can result in development of hepatocellular carcinoma.
Although major research efforts have been put toward understanding the pathophysiological and molecular processes underlying NAFLD, the mechanisms of individual susceptibility to NAFLD remain largely unknown. It is widely-accepted
that oxidative stress is one of the earliest events in pathogenesis of both human and
rodent NAFLD. In this study, we used a panel of genetically diverse inbred mice
(A/J, C57BL/6J, C3H/HeJ, 129S1/SvImJ, CAST/EiJ, PWK/PhJ, and WSB/EiJ) to
investigate the strain-specific differences in oxidative stress after being fed a methyldeficient diet (MDD), a human relevant mouse model rodent NAFLD. Feeding
MDD for 12 weeks resulted in the induction of oxidative stress in livers of mice in
all seven strains, as evidenced by the decreased levels of reduced glutathione (GSH),
increased levels of oxidized glutathione (GSSG), and a decreased GSH/GSSG ratio.
Mice fed the MDD also have an increased expression of Gpx3 gene, a sensitive
marker of oxidative stress. These changes were accompanied by an altered expression of genes involved in DNA base excision repair, a predominant pathway for repair of oxidative DNA lesions. The magnitude of oxidative stress differed significantly among the individual mouse strains; with the extent of oxidative damage
being greatest in WSB/EiJ mice and least in A/J mice. These results suggest that the
individual susceptibility to NAFLD may be linked to the extent of oxidative stressassociated alterations in the livers.
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SULFORAPHANE PREVENTS LIVER INJURY CAUSED
BY HIGH-FAT DIET AND OLANZAPINE.

R. Schmidt1, 2, M. Tan1, 2, X. Ding1, 2, H. Zhong1, 2 and G. Arteel1, 2.
1Pharmacology & Toxicology, University of Louisville, Louisville, KY and 2Alcohol
Research Center, University of Louisville, Louisville, KY. Sponsor: C. States.
Olanzapine (OLZ), an atypical antipsychotic, is a first-line treatment for psychosis
and mood disorders. The major side effects of OLZ use are weight gain and metabolic syndrome, including the hepatic manifestation of this disease (i.e., NAFLD).
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It is now understood that obesity is a major risk factor for drug-induced liver injury.
Although OLZ is known to cause obesity, the effect of diet-induced obesity on
OLZ-induced liver damage has not been tested experimentally. This gap in our
knowledge is especially important to fill, as the obesity incidence in the psychiatric
population is even higher than in the US population as a whole. The purpose of the
current study was to test the hypothesis that obesity enhances OLZ-induced hepatic injury, and to test the potential protective effect of antioxidant system activation. Eight-week-old mice were fed either high-fat diet (HFD) or control diet for 4
wks. Mice also received either OLZ (8 mg/kg/d) or vehicle via osmotic minipumps.
Some mice were co-treated with SFN (90 mg/kg/d i.g.), an isothiocyanate that confers indirect protection by activating intrinsic ROS defenses. HFD caused weight
gain and hepatic steatosis, as expected in this model. OLZ exacerbated body weight
gain in the HFD group and doubled plasma transaminase release. Hepatic triglyceride accumulation caused by HFD was exacerbated by OLZ coadministration.
HFD moderately impaired glucose uptake and utilization; this effect of HFD was
exacerbated in the OLZ group. SFN partially blunted the biochemical changes
caused by OLZ in the HFD group, and completely blocked the increase in inflammation and liver injury. Taken together, these data show that OLZ dysregulates glucose and lipid metabolism and exacerbates hepatic changes caused by HFD. These
data therefore suggest that underlying obesity may be a risk factor for OLZ-induced
liver injury. Activating intrinsic antioxidant defenses with SFN can partially prevent
these effects of OLZ and may represent a useful strategy to protect against liver injury in the clinics.

368

POLYCHLORINATED BIPHENYL 153 WORSENS
NONALCOHOLIC FATTY LIVER DISEASE IN C57BL/6
MICE.

B. Wahlang1, K. Falkner1, D. Conklin1, C. McClain1, 2 and M. Cave1, 2.
1Department of Medicine/GI, University of Louisville, Louisville, KY and 2Louisville
VAMC, Louisville, KY.
Introduction: Exposure to polychlorinated biphenyls (PCBs) including the ubiquitous PCB153 has been dose dependently linked to increased odds ratio for serum
alanine aminotransferase elevation, indicative of nonalcoholic fatty liver disease
(NAFLD). To determine if PCB153 plays a casual role in the development of
NAFLD, we undertook a study to examine if PCB153 either caused NALFD by itself or worsened NAFLD induced by a high fat diet (HFD). Methods: C57BL/6
mice were fed either a normal chow or HFD (43% milk fat) for 12 weeks with or
without PCB153 co-exposure (50 mg/kg i.p. X4). Liver and fat samples were taken
for immunohistochemistry, RT-PCR, metabolomics and lipid analysis while serum
samples were taken for cyto/adipokine measurements. Results: PCB153 treatment
increased body weight for animals fed with HFD. PCB153 treatment caused
micro-vesicular steatosis and worsened HFD-induced macro-vesicular steatosis.
Serum adipokines were increased with HFD and this was augmented by PCB153
co-treatment. The adiponectin/leptin ratio was reduced in both HFD and PCB153
groups. The adiponectin mRNA level decreased in the HFD+PCB153 group.
PCB153 treatment increased adipocyte area, liver triglycerides and cholesterol levels in HFD fed animals. Metabolomic analysis identified alterations in approximately 70 metabolites between HFD and HFD+PCB153 groups. These differences
included reduced levels of glutathione and the spontaneous glutathione conjugate,
S-(hydroxymethyl) glutathione, by 84% and 74% respectively, in the
HFD+PCB153 group. In contrast, erythronic acid levels increased 30-fold.
Conclusions: PCB153 treatment worsened diet induced obesity by acting synergistically with HFD. In concert, the metabolomics results suggested that PCB153
may exacerbate oxidative stress within the cell. Funding sources: This research was
funded by NIH grants from NCRR (5P20RR024489), the NIAAA
(K23AA18399, 1PO11A017103) and the NIEHS (P30ES014443-T35ES014559.
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INVESTIGATION OF DRUG-DRUG INTERACTIONS
CAUSED BY HUMAN PREGNANE X RECEPTORMEDIATED INDUCTION OF CYTOCHROME P450 3A4
AND 2C SUBFAMILIES IN PXB-MICE.

M. Kakuni1, M. Hasegawa2, H. Tahara2, R. Inoue1, J. Ushiki2 and C. Tateno1.
1PhoenixBio Co., Ltd., Higashi-Hiroshima, 739-0046, Japan and 2Kyowa Hakko
Kirin Co., Ltd., Nagaizumi-cho, 411-8731, Japan. Sponsor: T. Yokoi.
The induction of cytochrome P450 (CYP) enzymes is one of the risk factors for
drug-drug interactions (DDIs). Two major CYP enzymes of CYP3A4 and CYP2C
subfamily are known to be under the human pregnane X receptor (PXR) regulation, and the DDIs via the enzyme induction of CYP3A4 and/or CYP2C subfamily have been reported to have a major impact in the clinical treatments. The purpose of this study was to examine the DDI between rifampicin, a typical human
PXR ligand, and four types of CYP substrates in chimeric mice with a humanized
liver (PXB-mice®). PXB-mice were treated with rifampicin, and the effects of PXR-

mediated CYP induction against the plasma levels of CYP substrates were evaluated
by the cassette-dosing of triazolam (CYP3A4), pioglitazone (CYP2C8), (S)-warfarin (CYP2C9), and (S)-(-)-mephenytoin (CYP2C19). The induction of several
drug metabolizing enzymes and transporters in the liver was also examined by
measuring the enzyme activity and mRNA expression levels. Significant reductions
in the plasma exposure levels of triazolam, pioglitazone, and (S)-(-)-mephenytoin
were observed in PXB-mice, and the microsomal activity of CYP3A4, CYP 2C8
and CYP2C19 were confirmed to be increased in in vitro study. In contrast to the
other three CYP isoforms, the plasma exposure levels of (S)-warfarin did not decrease, although the microsomal activity of CYP2C9 was elevated after the rifampicin treatment. The discrepancy in the (S)-warfarin results between the in vivo
and in vitro studies may be due to the relatively small contribution of CYP2C9 to
(S)-warfarin elimination. In summary, the PXB-mice are a useful animal model to
examine DDIs caused by PXR-mediated induction of CYP2C and CYP3A4.

370

ISOFORM-SPECIFIC ALT MEASUREMENT CAN
DISTINGUISH HEPATIC FROM EXTRA-HEPATIC
INJURY IN HUMANS.

B. Glinghammar, I. Rafter, I. Schuppe-Koistinen and I. Cotgreave. AstraZeneca,
Safety Assessment, Sodertalje, Sweden.
Serum alanine aminotransferase (ALT) is used as a clinical marker to detect hepatic
damage and hepatoxicity. Two isoforms of ALT have been identified, ALT1 and
ALT2, which have identical enzymatic capacities and are detected simultaneously in
human serum/plasma using classical clinical chemical assays. Differences exist in
the expression patterns of the ALT1 and ALT2 proteins in different organs, which
suggest changes in the proportion of ALT1 and ALT2 in plasma could arise and reflect damage to different organs in man. This has, however, not been previously
studied due to the lack of a selective methodology that can quantify both ALT1 and
ALT2 isoforms in the total ALT activity normally measured in clinical samples.
Here we show, for the first time, that during three clinically different liver injuries
(fatty liver disease, hepatitis C and direct liver surgery) the leakage of ALT1 activity
into plasma greatly exceeds that of ALT2. In contrast, during skeletal muscle injury,
induced in volunteers experiencing physical exertion, leakage of ALT2 exceeds that
of ALT1 and the proportion of ALT isoforms changes accordingly. These ALT isoform changes occur despite total ALT activity being significantly increased in both
liver and skeletal muscle injury. The ALT isoform changes occurring in plasma in
this clinical material thus reflect previously demonstrated relative contents of the
ALT1 and ALT2 in human liver and skeletal muscle. The data suggest that assessing
the percentage contribution of ALT1 and ALT2 activities towards the total ALT activity in plasma may offer an opportunity to define wheather extra-hepatic injury is
occurring in cases where these may falsely have been interpreted as liver injury only.

371

HCV CORE PROTEIN EXPRESSION AND
ACETAMINOPHEN-INDUCED LIVER INJURY.

A. Ramachandran, M. Lebofsky, S. A. Weinman and H. Jaeschke. Pharmacology,
Toxicology &Therapeutics, University of Kansas Medical Center, Kansas City, KS.
The Hepatitis C virus (HCV) is a hepatotropic pathogen of significant importance
to public health. Chronic HCV infection pre-disposes patients to a variety of liver
diseases and it has also been shown that hepatitis C infection was a predictor of
acute liver injury among hospitalizations for acetaminophen overdose in the United
States. Acetaminophen (APAP) overdose is the leading cause of acute liver failure in
the United States and we used transgenic mice expressing the HCV core protein to
explore if this increased susceptibility of animals to APAP induced liver injury.
Treatment of C57BL6J mice with APAP (200 mg/kg body weight) resulted in
moderate liver injury at 6 h as indicated by elevated ALT levels, focal centrilobular
necrosis and nuclear DNA fragmentation. HCV core protein over-expressing mice
showed a variable response, with approximately half the animals showing significant exacerbation of all parameters of liver injury while the other half were protected. These effects were not mediated by changes in APAP metabolism, since neither cytochrome P450 protein levels nor early depletion of glutathione was affected
in the HCV transgenic mice. Animals showing protection against liver injury had a
substantial increase in liver glutathione content at 6 hours when compared to wild
type animals, accompanied by protection against mitochondrial oxidative stress and
prevention of mitochondrial AIF release. This was accompanied by an elevation in
glutathione S transferase mRNA levels and activity, which suggests that an efficient
clearance of the reactive intermediate is the mechanism of protection against APAP
hepatotoxicity in these mice. In the case of animals showing exacerbation of liver
injury, a substantial decrease in liver glutathione at 6 hours, elevated mitochondrial
oxidative stress, and enhanced release of AIF from the mitochondria were observed.
This was accompanied by induction of the ER stress response, which probably resulted in amplification of the mitochondrial oxidant stress and downstream cellular
injury.
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EFFECT OF AGE ON PLASMA ACETAMINOPHENPROTEIN ADDUCT CONCENTRATIONS IN MICE.

S. F. Cook1, H. R. Kim1, A. Parker1, L. Hathaway1, G. J. Murray1, L. D.
McGill2, M. R. Franklin1, D. G. Wilkins1 and D. E. Rollins1. 1Pharmacology and
Toxicology, University of Utah, Salt Lake City, UT and 2Associated Regional and
University Pathologists, Inc., Salt Lake City, UT.
Hepatotoxicity from acetaminophen (APAP) overdose is the leading cause of acute
liver failure in the United States. APAP-protein adducts are detectable in plasma,
and quantification of these adducts represents a valuable tool for studying APAPinduced hepatotoxicity. The elderly population is of particular interest with respect
to such toxicity since older patients have a high incidence of chronic APAP usage;
however, the effect of age on plasma protein adduct concentrations has not been
evaluated. The present study explored the possibility of age-dependent differences
in plasma protein adduct concentrations in a mouse model. Male C57BL/6 mice, 4
or 22 months of age, were treated with 0, 75, 150 or 300 mg/kg APAP, i.p., in
saline vehicle. Plasma and liver tissue were collected at 2, 6, 12 or 24 h post-injection. HPLC-MS/MS quantification of plasma APAP-protein adducts revealed
higher concentrations in 4-month-old mice compared to 22-month-old mice for
the 300 mg/kg dose at 2 and 24 h. At 24 h, this coincided with more severe hepatic
necrosis in 4-month-old mice than in 22-month-old mice, as determined by histology. To explore the origin of these differences, liver tissue was collected from nontreated mice of the same ages, and in vitro enzyme activity for major APAP-related
metabolic reactions was assessed. APAP glucuronidation and sulfation rates were
lower in 4-month-old mice compared to 22-month-old mice, which may have contributed to the observed variations in plasma protein adduct concentrations. In
conclusion, age-dependent differences in plasma APAP-protein adduct concentrations were evident and could be attributed to altered APAP metabolism. Age is an
important consideration for future work that utilizes plasma protein adducts to
study APAP-induced hepatotoxicity. (Supported by a grant from the University of
Utah Center on Aging. Mice were obtained from the National Institute on Aging
aged rodent colony.)
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L-FABP MEDIATES IMPAIRED LIPID UPTAKE AND
TRAFFICKING IN A RODENT MODEL OF EARLY
ALCOHOLIC LIVER DISEASE.

R. L. Smathers1, J. J. Galligan1, K. N. Maclean2, C. T. Shearn1, K. S. Fritz1 and
D. R. Petersen1. 1Skaggs School of Pharmacy and Pharmaceutical Sciences, University
of Colorado Anschutz Medical Campus, Aurora, CO and 2Pediatrics, University of
Colorado Anschutz Medical Campus, Aurora, CO.
Chronic ethanol consumption is a prominent cause of liver disease throughout the
Western world. Among the predictable and prominent histologic abnormalities resulting from ethanol ingestion is hepatosteatosis (fatty liver). Utilizing a modified
Lieber-DeCarli liquid feeding regimen, male C57Bl6/J mice were fed for a period
of 6 weeks. To assess the extent of liver damage, standard biochemical assays revealed increases in serum and liver triglycerides, increased ALT activity and increased immunohistochemical staining for the reactive aldehyde, 4-hydroxynonenal
(4-HNE). Gene array analysis revealed significant alterations in the expression of
genes involved with lipid trafficking and metabolism, including liver fatty acidbinding protein (L-FABP), peroxisome proliferator activated receptor-alpha
(PPAR-α), carnintine palmitoyltransferase 1a (CPT-1a), and sterol carrier protein 2
(SCP-2). A significant decrease in the cytosolic and nuclear expression of L-FABP
was observed, as well as expression and activity of PPAR-α. Immunohistochemical
evaluation of liver sections also revealed considerable changes in lobular expression
and localization of L-FABP. Protein-protein interactions between L-FABP and
PPAR-α/CPT-1a were also investigated utilizing co-immunoprecipitations.
Collectively, these data demonstrate dramatic effects of ethanol consumption on LFABP at the gene and protein level. L-FABP is responsible for activating PPAR-α,
and subsequent transcription of FA metabolism genes like L-FABP and CPT-1a.
An alteration in the expression of L-FABP suggests a cyclic demolition of the regulation of these two metabolic pathways. The observed alteration in LFABP expression provides mechanistic insight into the dysregulation of lipid homeostasis in the
pathogenesis of ALD. (R37 NIH/NIAAA009300; NIH/NIAAA F31 AA1889803)
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EVALUATION OF HEPATIC FLAVIN-CONTAINING
MONOOXYGENASE 3 (FMO3) GENE REGULATION,
PROTEIN EXPRESSION, AND FUNCTIONAL ACTIVITY
IN RESPONSE TO ACETAMINOPHEN TOXICITY.

S. Rudraiah and J. E. Manautou. University of Connecticut, Storrs, CT.
Flavin-containing monooxygenase 3 (Fmo3) catalyzes the NADPH-dependent
oxygenation of nitrogen, sulfur, and phosphorous-containing xenobiotics in human
liver. Members of the Fmo family of genes have distinct gender, developmental-,
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and tissue-specific expression patterns in mice. Until recently Fmo3 was thought to
be noninducible. We have previously shown that toxic acetaminophen (APAP) or
alpha-naphthyl isothiocyanate treatment, as well as bile duct ligation in mice
markedly increase Fmo3 gene expression. The purpose of this study was to evaluate
if the pronounced changes in Fmo3 mRNA levels by APAP treatment translate into
increases in protein expression and functional activity of the enzyme. Hepatic
Fmo3 mRNA, protein expression, and enzyme activity were quantified at 48 hr in
male mice treated with APAP (400 mg/kg). This treatment resulted in mild hepatocellular necrosis as evidenced by plasma ALT values of 237.9 IU/L. Fmo3 mRNA
levels increased significantly by 25-fold while protein levels increased just 2- to 3fold. Liver microsomes from APAP and control treated mice were generated and assayed for oxygenation of methimazole (MMI), a selective functional substrate for
Fmo3, The Kcat value for liver microsomes from APAP treated mice increased from
486.2 to 610.6 (nM min-1mg-1), although this difference was not significant. The
Kd value for microsomal samples from APAP mice decreased from 51.2 to 25.9
uM, which causes a statistically significant 2-fold increase in the catalytic efficiency
(Kcat/Kd 23.6 10-3min-1mg-1) of Fmo3 for MMI. In summary, the profound increase in Fmo3 gene expression produced by APAP treatment was not accompanied
by changes in protein and functional activity of a corresponding magnitude. The
reason for this disparity in gene, protein expression and function is currently being
investigated. Supported by NIH DK069557.

375

PROTECTION AGAINST ACETAMINOPHEN
CYTOTOXICITY BY PPARα AND RXR AGONISTS:
DETERMINING THE ROLE OF CHANGES IN VANIN-1
mRNA EXPRESSION.

D. W. Ferreira1, K. Flores-Saez2 and J. E. Manautou1. 1Department of
Pharmaceutical Sciences, University of Connecticut, Storrs, CT and 2Department of
Biology, University of Puerto Rico, Mayaguez, Puerto Rico.
Activation of the peroxisome proliferator-activated receptor alpha (PPARα) prevents acetaminophen (APAP) hepatotoxicity in mice. A gene array analysis of livers
from mice resistant to APAP toxicity by clofibrate (CFB) treatment identified
Vanin-1 (Vnn1) as a potential gene contributing to this protection. Vnn1 is as a cytoprotective gene responsible for the production of the antioxidant cysteamine. We
previously analyzed the susceptibility of Vnn1 knockout mice to APAP toxicity. As
predicted, mice lacking Vnn1 were more susceptible to APAP hepatotoxicity. The
current study was aimed at developing an in vitro model of peroxisome proliferatormediated protection against APAP toxicity using the human hepatocyte cell line
HC04. Treatment of HC04 cells with APAP resulted in dose-dependent cytotoxicity. Exposure of HC04 cells to 1.0mM CFB resulted in a ten-fold increase in
VNN1 mRNA expression. However, considerable cytotoxicity occurred at this
CFB concentration. By contrast, treatment with the peroxisome proliferator Wy14,643 (100uM) resulted in a four-fold induction of VNN1 mRNA levels in the
absence of noticeable cytotoxicity. Treatment with Wy-14,643 conferred partial
protection against APAP cytotoxicity as shown by a 25% reduction in lactate dehydrogenase (LDH) leakage into media in comparison to cells treated with APAP
alone. Due to cooperative interaction of PPARα and the retinoid x receptor (RXR)
in gene transcription, we tested the ability of bexarotene (Bex), a RXR activator, to
protect against APAP cytotoxicity and upregulate VNN1 expression. Treatment of
HC04 cells with Bex (1.0uM) alone or in combination with Wy-14,643 resulted in
virtually the same magnitude of protection from APAP toxicity. Interestingly, Bex
by itself did not change VNN1 mRNA expression. In conclusion, these results document the utility of this in vitro system for studying the mechanistic role of VNN1
as a cytoprotectant gene.
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LYSOSOMAL IRON RELEASE PROMOTES
HEMORRHAGE/RESUSCITATION-INDUCED LIVER
INJURY.

A. Kholmukhamedov1, X. Zhang1, J. Schwartz1 and J. J. Lemasters1, 2.
1Pharmaceutical and Biomedical Sciences, Medical University of South Carolina,
Charleston, SC and 2Biochemistry & Molecular Biology, Medical University of South
Carolina, Charleston, SC.
Background: Despite recovery of hemodynamics by fluid resuscitation, liver, and
other organs may progress after hemorrhage to develop multiple organ dysfunction
syndrome. Recently, we showed that minocycline and doxycycline protect liver in
vivo against hemorrhage/resuscitation (H/R) injury and may act by preserving mitochondrial function. Moreover, we showed that minocycline and doxycycline
block iron uptake by mitochondria. Here, our aim was to determine whether iron
plays a role in H/R-induced liver injury. Methods: Under anesthesia, C57BL6 mice
were hemorrhaged to 30 mm Hg for 3 h and then resuscitated with shed blood plus
half the volume of Ringer’s solution containing tetracycline, minocycline, doxycycline or vehicle. In some experiments, desferal and starch-desferal were administered intraperitoneally 1h before H/R. Serum alanine aminotransferase (ALT), liver

necrosis and apoptosis were assessed at 6 h after H/R. After 4 h, intravital multiphoton microscopy of calcein, a green fluorophore quenched by iron, was done.
Results: Serum ALT markedly increased after H/R to 1988 U/L from <100. Liver
necrosis and apoptosis also increased. Minocycline, doxycycline, desferal and
starch-desferal decreased ALT to 857, 863, 649 & 560 U/L, respectively and decreased hepatic necrosis and apoptosis to similar degrees. Intravital microscopy revealed quenching calcein after H/R, which was prevented by starch-desferal.
Conclusion: Desferal and starch-desferal are as efficient as minocycline and doxycycline in decreasing liver injury after H/R. Calcein quenching implies that cytosolic
chelatable iron increases after H/R. Since starch-desferal accumulates exclusively in
lysosomes, protection against calcein quenching by starch-desferal implies that the
source of increased chelatable iron after H/R is the lysosome. Thus lysosomal iron
plays a critical role in H/R-induced liver injury.
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CYTOTOXICITY STUDIES IN A549 CELLS CULTURED
ON 2-METHACRYLOYLOXYETHYL
PHOSPHORYLCHOLINE POLYMERS.

A. Miyajima-Tabata, R. Kato, K. Sakai, E. Okada and A. Matsuoka. Division of
Medical Devices, National Institute of Health Sciences, Tokyo, Japan. Sponsor: A.
Hirose.
2-Methacryloyloxyethyl phosphorylcholine (MPC) polymer has a phospholipid
polar group that mimics a biomembrane, and has been used in medical science,
biotechnology, pharmaceutical industry, and environmental technology. In medical
devices, MPC polymer shows good biocompatibility with the reduction of protein
adsorption, and it is used as surface ornamentation agents with artificial organs,
blood-contact medical tubes, catheters, and contact lenses. In this study, we compared the cytotoxicity of chemical materials in human lung-derived epithelioid-like
cell line A549 cells and Chinese hamster lung fibroblast (CHL) cells. A549 and
CHL cells were cultured on the MPC polymer-coated plate (MPC plate) and a
control plate, and examined in the cytotoxicity and genotoxicity test. On MPC
plate, CHL cells formed spheroid and the growth rate was almost the same as control plate during the small spheroid. On the other hand, A549 cells gathered and
grew up with a grape-like shape and the growth rate was less than half of the control. The genotoxicity test was carried out with the micronucleus test and no remarkable difference was observed. As a result of the cytotoxicity test for CdSO4 and
ZnO (nano size) using a 96-well MPC plate, the cytotoxicity of CdSO4 in CHL
cells was weaker on MPC plate compared with control, and the cytotoxicity of
ZnO in A549 cells was stronger on MPC plate compared with control. This result
was considered that the morphology of cells affected on the sensitivity for the
chemical materials. Further molecular-level analysis would help the better understanding of the living body/material interactions and the mechanism of biocompatibility.
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BIOCOMPATIBILITY EVALUATION OF A SILICONECOATED SURGICAL NEEDLE COMPRISED OF A
NOVEL TUNGSTEN-RHENIUM ALLOY.

K. George1, T. Builee1, T. A. Barbolt2 and J. W. Oldham1. 1Preclinical Research,
Ethicon, Inc., Somerville, NJ and 2T.A.B. Consulting, Alamogordo, NM.
A new surgical needle for cardiovascular surgery was developed to provide improved
mechanical performance and reduced penetration force over current surgical needles. This needle was manufactured using a novel Tungsten-Rhenium alloy with a
new silicone-based lubricious coating. The biocompatibility of this needle was evaluated by conducting cytotoxicity, intracutaneous reactivity, sensitization, acute systemic toxicity, pyrogenicity, and hemocompatibility studies in accordance with ISO
10993 guidelines. Headspace analysis using Gas Chromatography-Mass
Spectroscopy was conducted to determine if residual organic solvents from the
coating process remained on the needle. The results of this program of biocompatibility studies indicated that this silicone-coated Tungsten-Rhenium alloy surgical
needle was non-cytotoxic, non-irritating, not a sensitizer, non-acutely toxic, nonpyrogenic, and hemocompatible, and residual solvents were not detectable. Overall,
this biocompatibility assessment demonstrates that the new coated surgical needle
is biocompatible and does not represent any safety concerns for patients.
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CHALLENGES IN CONDUCTING SAFETY
ASSESSMENTS OF COLORANTS USED IN MEDICAL
DEVICES.

F. K. Hsia and H. J. Beckord. Corporate Toxicology and Biocompatibility Services,
Boston Scientific, Maple Grove, MN.
The medical device industry has recently experienced an increase in questions and
concerns from the FDA regarding color additives (i.e., colorants) in many categories of devices. In response to the FDA questions and to be compliant with ISO

10993-1 Biological Evaluation of Medical Devices - Part 1: Evaluation and Testing
within a Risk Management Process, Boston Scientific completed semi-quantitative
extractable studies on colorants as part of the safety assessment. The challenges and
successes in demonstrating the safety of the colorants used in a short-term bloodcontacting catheter are presented here. A color elution study was conducted on a
stent delivery system catheter to demonstrate the potential bioavailability of the
colorants. The sample devices were refluxed for up to 24 hours in acetone. These
aggressive extraction conditions maximized the potential to extract colorant and
were not intended to represent clinical use. Results were quantitated using UV-VIS
spectroscopy against a five point calibration curve for each of five colorants. The estimated maximum amounts of extracted colorant ranged from 0.25 μg/mL (0.5
μg/device) to 5.0 μg/mL (10 μg/device). These values were used as reasonable
“worst case” estimates in the safety assessment. Poor process spike recovery results
and baseline noise caused by extracted polymer materials contributed to uncertainty in the reported results. The safety assessment was conducted following ISO
10993-17: Establishment of allowable limits for leachable substances. The history of
clinical use, existing toxicology and biological safety data were included in the risk
assessment. The threshold of toxicological concern (TTC) was applied for colorants
with insufficient toxicological data. We concluded that the colorants used in this
short-term BSC catheter are eluted from the device at toxicologically insignificant
amounts when extrapolated to the clinical exposure.
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APPLICATION OF A NEW IN VITRO SENSITIZATION
ASSAY FOR THE EVALUATION OF MEDICAL DEVICE
EXTRACTS.

J. M. McKim1, D. J. Keller1, J. R. Gorski2 and L. H. Moilanen3. 1CeeTox,
Kalamazoo, MI, 2NAMSA, Northwood, OH and 33M, St. Paul, MN.
Current regulatory guidelines require that medical devices be evaluated for chemical sensitization potential. Animal methods may not be sensitive enough to reliably
detect responses at or near the LOAEL in device extracts. Therefore, a more sensitive in vitro method would enable manufacturers to confirm negative data and evaluate formulation modifications. In this study, two experimental dental cement formulations were prepared that contained the known sensitizer 2-hydroxyethyl
methacrylate (2-HEMA) at high or low concentrations. The cements were extracted into three vehicles (DMSO, Saline, and Sesame Oil) under standard conditions described in ISO10993 guidelines. The amount of 2-HEMA in each extract
was determined analytically to be 1300 μg/g in DMSO, 1200 μg/g in Saline, and
480 μg/g in Sesame Oil for the high and <5.2 μg/g in all extracts from the low formulation. Each extract was tested in the guinea pig maximization test (GPMT), the
mouse local lymph node assay (LLNA) and the CeeTox in vitro sensitization assay
(SenCeeTox®). In the latter assay, human reconstructed skin (EpiDerm™) was
used as the test system. Extracts and controls were applied to the skin model and
the expression of genes controlled by Keap1/Nrf2/ARE were evaluated along with
viability and chemical reactivity after a 24 hr exposure. The results of the animal
studies showed that at the concentrations tested 2-HEMA was a non-sensitizer.
However, in other GPMT studies previously conducted where 2-HEMA extracts
were as high as 2000 μg/g the assay was weakly positive. In comparison, the in vitro
assay demonstrated a positive for the extract from the “high” dental cement formulation and was negative for the extract for the “low” formulation. In conclusion,
these data indicate that the in vitro assay is more sensitive than the animal models
and that an in vitro evaluation of negative results can support equivocal animal
data, flag potential high dose risk, and provide important information about
changes in formulations.
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VALIDATION AND USE OF THE IPRECIO® MICROINFUSION PUMP ON GLP STUDIES.

J. Perron, V. Frenette and C. Copeman. Toxicology, Charles River Preclinical
Services, Senneville, QC, Canada. Sponsor: M. Vézina.
Low infusion rates are generally required for conduct of preclinical studies using
non-standard routes of administration such as intracerebral, intrathecal or subcutaneous infusion. Achieving these low rates of infusion with standard infusion pumps
can present various challenges. Various types of mini or micro-infusion pumps can
be used but several do not provide reproducible and accurate delivery which is important for the conduct of regulatory compliant safety assessment studies. The use
of an implantable programmable micro-infusion pump, the iPrecio® pump, was
evaluated for use in regulatory compliant studies requiring very low infusion rates.
Attributes of this pump include infusion at rates of 1 to 30 uL/hr, subcutaneous implantation, a refillable pump reservoir (via a port) and a lower level of stress for the
animal. The flexibility of the programming can allow use of different rates for vehicle or alternate solution post-operatively, and allows programming of dosing cycles
and/or washout periods between formulations tested for combination schemes.
Multiple refills of the pump reservoir over an infusion period of up to 6 months at
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a rate of 1 uL/hr can be conducted. In our laboratory, we validated the iPrecio software and the accuracy of the delivery of the micro-infusion pumps, to allow its use
on regulatory compliant studies. Three infusion pumps were programmed to deliver 1 or 30 uL/hr for 30 minutes, and 2, 4, 8, 12, 24 and 48 hours, with several
planned interruptions of the infusion over the course of the given period. Our validation study demonstrated the successful implantation of iPrecio® pumps, the
ability to use the pumps in a number of dosing schemes, and that the software accurately programmed the infusion pumps to deliver 1 or 30 uL/hr for 4-48 hours
with an accuracy of +/- 15% of the intended volume. In conclusion, the iPrecio®
implantable pumps were shown to be a suitable alternative for use on regulatory
compliant studies when very low rates of infusion are required.

μg/mL. Results of the controlled color extraction study demonstrated that the colorant extractability between the new and predicate device configurations were
equivalent. No further material characterization, toxicological evaluation, or biocompatibility testing were necessary in the biocompatibility assessment of the new
device configuration.
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RISK ASSESSMENT OF BISPHENOL A FROM BISGMABASED COMPOSITE DENTAL MATERIALS.

J. K. Dahms1 and L. H. Moilanen2. 13M ESPE Dental Products, 3M, St. Paul, MN
and 2Medical Department, 3M, St. Paul, MN.
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EVALUATION OF AN IN VITRO HUMAN SKIN
IRRITATION TEST FOR USE WITH MEDICAL DEVICE
EXTRACTS.

K. Coleman1, J. Casas1, G. Lewerenz1, E. Rankin1, J. Willoughby2, L.
Blakeman2 and J. McKim2. 1Medtronic, Inc., Minneapolis, MN and 2CeeTox, Inc.,
Kalamazoo, MI.
In accordance with ISO 10993, the rabbit skin irritation test is used to assess medical device biocompatibility, however, this method is time-consuming and expensive. Our study’s goal was to determine if the EpiDerm™ reconstructed human
skin model (MatTek Corp.) could be an acceptable alternative. To that end, eleven
medical device polymers and adhesives were selected for testing. Four extracts were
prepared per test article, two each with saline and sesame oil as vehicles, resulting in
44 total matrices. Half of the extracts were spiked with known amounts of two R38 dermal irritants (lactic and heptanoic acid). A range-finding study determined
the lowest spiking concentrations that would produce skin irritation (LOAEL).
Tissues were exposed for 24 hours. Cell viability was assessed by MTT and IL-1α
release was measured by ELISA. The positive control (5% SDS) reduced cell viability to 8.5% of the negative control (PBS) and increased the release of IL-1α (>500
pg/ml) into the culture medium. Cells exposed to unspiked saline and sesame oil
extracts exhibited cell viabilities >90% relative to the negative control. IL-1α released from cells exposed to saline extracts (19.6 pg/ml – 99.7 pg/ml) or to sesame
oil extracts (91.8 pg/ml – 176.4 pg/ml) was considerably less than the positive control. Cells exposed to saline extracts spiked with 3.25% lactic acid exhibited significantly reduced mean cell viabilities (12.6% – 17.2%). Cells exposed to sesame oil
extracts spiked with 1.25% heptanoic acid also exhibited reduced mean cell viabilities (25.5% – 41.7%). The spiked exposure groups released substantial amounts of
IL-1α (253.5 pg/ml – 387.4 pg/ml) signifying the induction of increased cell activation. Our results indicate that the EpiDerm™ model can detect the presence of
strong skin irritants at low concentrations in medical device extract mixtures.
Therefore, this model may be a suitable replacement for the rabbit skin irritation
test to evaluate medical device biocompatibility.
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APPLICATION OF ISO 10993-18 IN THE BIOLOGICAL
EVALUATION OF A COLORANT IN A PERMANENT
TISSUE/BONE-CONTACTING IMPLANT DEVICE.

H. Beckord, L. Woodhull and A. Hood. Boston Scientific Corporation, Natick,
MA.
The medical device industry has recently experienced an increase in questions from
the FDA regarding the safety of colorants in medical devices. The first step in evaluating medical device biocompatibility is material characterization. ISO 10993-18
provides a framework with which to characterize materials. Boston Scientific
Corporation applied ISO 10993-18 to evaluate a colorant used in a permanent tissue/bone contacting polypropylene implant device. The colorant had a history of
use in a predicate device. Compared to the predicate device configuration, the new
device configuration contained a greater amount of colorant. To determine whether
the increased amount of colorant additive increased extractability, we performed a
color elution study comparing the new device configuration to the predicate.
Sample devices were refluxed for up to 5 days in acetone, and analyzed by UV-VIS
spectroscopy at 1, 2, and 5 day time points. These aggressive conditions maximized
the potential to extract colorant. Calculated colorant concentrations in test sample
extracts were quantitated against a single point reference solution at 1.0 μg/mL. All
test sample extracts at 24 & 48 hr were visually colorless & contained <1.0 μg/mL
colorant, which corresponded to <2 μg colorant per device. The calculated test
sample colorant concentrations were similar to the concentrations obtained for the
process blanks, indicating that the reported results were worst-case. Although the
new device configuration test extract appeared cloudy with no color at 120 hr, there
was no indication of a significantly higher amount of extracted colorant relative to
the other time points and qualitative data indicated an extracted amount of <1.0
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Bisphenol A glycidyl methacrylate (BisGMA) is an important resin monomer that
has been used in composite dental products for over forty years. BisGMA provides
essential properties of mechanical strength, rapid polymerization, and low shrinkage, and is currently used in more than 70% of all dental composites. Recently, the
safety of BisGMA has been questioned in regard to its potential to release Bisphenol
A (BPA), but data-based risk assessments on this topic are scarce. A quantitative risk
assessment of BPA release from dental composites was performed to address this
gap. BisGMA is manufactured from BPA in a multi-step process, and low residual
levels of BPA may remain in the BisGMA used in dental products. Published information from several sources indicates that BisGMA contains < 2 ppm of residual
BPA. Polymerized BisGMA is not subject to oral enzymatic degradation; therefore,
the only likely source of BPA from BisGMA is leaching of residual monomer. The
following exposure assumptions were used in the assessment scenario: 1) 2 ppm of
residual BPA is present; 2) the product contains a maximum of 15% BisGMA
(w/w); 3) applied product weight is sufficient to restore 3 large molars in an adult
or 1 large molar in a 10 year old child and 4) any leached BPA is completely absorbed by the dental patient. Dental composites are likely to remain in the mouth
for more than 10 years; therefore, BPA exposure via leaching into saliva was calculated both on a worst-case short-term basis and a more clinically relevant long-term
basis and these estimates were compared to authoritative BPA toxicity reference values. The resulting margins of exposure (MOE) for an adult patient were greater
than 10,000 on an acute basis and greater than 320,000 on a chronic basis. The resulting margins of exposure (MOE) for a pediatric patient were greater than 20,000
on an acute basis and greater than 600,000 on a chronic basis. These MOE values
confirm the safety of BisGMA-based dental composites with respect to potential
BPA exposure and support their continued use in adult and pediatric dentistry.
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MEDICAL SURVEILLANCE OPTIONS FOR PERSONS
WITH ELEVATED COBALT-CHROMIUM LEVELS FROM
HIP IMPLANTS.

M. Fedoruk1, 2, S. Hong2, L. Israel1 and S. Hardy1. 1University of California
Irvine, Irvine, CA and 2Exponent, Irvine, CA.
Background: Persons with metal-on-metal (MoM) total hip arthroplasties can develop elevated blood and urine cobalt (Co) and chromium (Cr) levels.
Epidemiologic studies evaluating long-term effects of elevated Co and Cr levels in
persons with MoM implants are lacking and safe blood and urine levels are not defined. Rare cases of cobaltism, characterized by hypothyroidism, cardiomyopathy,
peripheral neuropathy, blindness, and deafness, have occured, generally after massive joint deterioration. Hypersensitivity reactions leading to localized symptons including progressive osteolysis have been reported. Case description: A 69-yr-old female with bilateral MoM hip prostheses implanted 6 and 7 years ago was
considering implant removal because of toxicological concerns associated with elevated blood Co (22.1 ug/L) and serum Cr (11.3 ug/L) levels. Ophthalmological assessment, echocardiography, hemoglobin, and thyroid, renal and hepatic function
did not reveal findings of Co or Cr toxicity. Hip replacement surgery was not advised for toxicological indications. Rather periodic surveillance evaluations to detect early manifestations of Co and Cr toxicity were recommended. Case discussion: This case provides evidence for lack of systemic toxicity in a person with
bilateral MoM hip replacements and increased blood Co and Cr levels.
Conclusions: The lack of an established no effect Co or Cr levels may result in persons unnecessarily undergoing revision surgery for toxicological concerns even
though MoM implant removal has not demonstrated to be of benefit in asymptomatic persons. Medical conditions associated with Co toxicity can be caused by
other conditions, especially in elderly populations, and need to be considered in
any clinical evaluation. Medical evaluations for early manifestations of systemic
toxicity coupled with ongoing monitoring of blood Co and Cr levels can be performed for persons considering MoM hip implant removal for systemic toxicological concerns. Subsequent epidemiological studies of populations with MoM hip
implants will provide data on health risks and management options.
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IN SILICO MUTAGENICITY PREDICTION FOR
LEACHABLE COMPONENTS OF DENTAL DEVICES.

B. D. Bagley1, P. A. Kulkarni2, N. A. Kueshner2, R. P. Brown2 and L. H.
Moilanen1. 1Medical Department, 3M, St. Paul, MN and 2CDRH, US FDA, Silver
Spring, MD.
In silico predictive toxicology models are routinely used for screening or predicting
the hazards of pharmaceutical and industrial chemicals. The applicability of these
tools to leachable components of medical devices is an increasing topic of discussion as regulatory agencies begin to consider the addition of in silico prediction
tools to the suite of chemical evaluation procedures. The usefulness of any predictive model depends on the underlying chemicals in the dataset and their relevance
to the components of interest. Mutagenicity potential is one critical endpoint for
the evaluation of medical devices with prolonged or permanent contact. Eighty-two
chemicals were reported in the literature as potential leachables from dental devices
with prolonged or permanent contact. These chemicals were specifically identified
and evaluated for their predicted mutagenicity potential in the bacterial reverse mutation assay using several commercially or publicly available in silico predictive tools
including TOPKAT, Admet Predictor and USEPA TEST. The bacterial reverse mutation assay was selected as the appropriate test for comparison of predictions based
on its long history of use, available literature data for the identified chemicals, and
its relevance for regulatory assessment of medical devices. The resulting predictions
were compared across the models and to the available test data on the identified
chemicals. The specificity and sensitivity of each model were calculated and compared. Preliminary results indicate a general concordance of predicted results
among the three models, with a lack of agreement for some compounds. Specificity
and sensitivity were improved when the results of multiple models were considered.
This investigation illustrates the potential for conflicting predictions when estimating the toxicological hazards of a medical device ingredient and the advantage of
using multiple predictive models.
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APPLICATION OF THE THRESHOLD OF
TOXICOLOGICAL CONCERN APPROACH TO
EVALUATION OF LEACHABLE COMPONENTS FROM
POLYMERIC DENTAL DEVICES.

L. H. Moilanen and B. D. Bagley. Medical Department, 3M, St. Paul, MN.
The Threshold of Toxicological Concern (TTC) is a proposed approach for assessing the human health risk of leachable medical device components when toxicological data are not available. Currently, there are no published accounts of applying
TTC in the safety assessment of medical devices to inform the use of this approach.
The feasibility of applying the TTC approach to safety assessment of polymeric
dental devices designed for prolonged use was evaluated using a test set of 82
known leachable compounds created from reports in peer-reviewed publications.
The methodology applied was consistent with recommendations in the preliminary
draft technical specification developed by ISO TC 194/WG 11. An initial screen
eliminated 13 compounds for which a chemical structure could not be reliably assigned. Additional screening for toxicity classes excluded from the TTC approach
identified 42 compounds as known or likely sensitizers, 2 compounds as known endocrine disruptors, and 2 compounds as containing non-essential metals. An additional 44 compounds were excluded based on the results of this screen. The remaining 25 leachable compounds were evaluated for mutagenicity using multiple
computer prediction models and assigned to Cramer structural classes using the
Toxtree software program. Nine compounds were categorized as Cramer Class I
and the remaining 16 compounds were categorized as Cramer Class III. One compound assigned to Cramer Class I was identified as containing a structural alert for
mutagenicity. No route-to-route extrapolation was considered necessary for the associated thresholds, as patient exposure to compounds leached from dental devices
is primarily oral. The results of this exercise confirm the potential utility of the
TTC approach for 28% of the compounds in the test set and highlight factors that
require careful consideration in its application. The results also highlight factors
that would increase its applicability to dental devices, most notably validation of
the TTC approach for compounds classified as sensitizers.
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ASSOCIATION BETWEEN PAH EMISSION AND LUNG
CANCER RATES AROUND THE WORLD.

O. Motorykin1, J. Molitor2 and S. Simonich1, 3. 1Department of Chemistry, Oregon
State University, Corvallis, OR, 2College of Health and Human Sciences, Oregon
State University, Corvallis, OR and 3Department of Environmental Molecular and
Toxicology, Oregon State University, Corvallis, OR.
Polycyclic aromatic hydrocarbons (PAH) are products of incomplete fuel combustion. Some of them (e.g. benzo[a]pyrene) have carcinogenic properties. Because of
this, it is important to be able to measure and estimate human exposure to PAHs.

Although other factors, such as cigarette smoking, can lead to lung cancer, PAH
emissions may also contribute to lung cancer rates. A multiple linear regression
model was developed to investigate the potential contribution of gross domestic
product (GDP), smoking rates, cigarette price, population and PAH emissions on
the number of lung cancer deaths (NLCD) around the world. These data were collected from the World Health Organization, the International Agency for Research
on Cancer, and other sources. Diagnostic procedures suggested logarithmic transformation of the data, followed by use of a Poisson distribution. The indicator variables were used to investigate the contribution of PAH emissions on NLCD for
seven major parts of the world.
After accounting for smoking rates, GDP, cigarette price and geography, we found
that PAH emissions contribute significantly to the number of lung cancer deaths
and that this contribution varies for different parts of the world. In North America
and Europe, a 10% increase in PAH emission was associated with a 5.6% and 2.9%
increase in median NLCD, respectively. On average worldwide, a 10% increase in
smoking rates was associated with a 5.7% increase in median NLCD. While a 10%
increase in cigarette price was associated with 4.7% decrease in median NLCD.
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INFLUENCE OF TRAFFIC-RELATED AIR POLLUTION
ON EXHALED NITRIC OXIDE IN HEALTHY ADULTS: A
SEASONAL FOLLOW-UP.

S. De Prins1, 2, G. Koppen1, B. Cox3, V. Nelen4, F. Fierens5, K. Constandt6, T.
Nawrot3 and G. Schoeters1, 2. 1Environmental Risk and Health Unit, Flemish
Institute for Technological Research (VITO), Mol, Belgium, 2Faculty of
Pharmaceutical, Biomedical and Veterinary Sciences, Antwerp University, Antwerp,
Belgium, 3Centre for Environmental Sciences, Hasselt University, Diepenbeek,
Belgium, 4Environment and Health Unit, Provincial Institute of Hygiene, Antwerp,
Belgium, 5Belgian Interregional Environment Agency (IRCEL), Brussels, Belgium
and 6Environment & Health Unit, Department of Environment Nature & Energy,
Flemish Government, Brussels, Belgium. Sponsor: P. Hoet.
Ambient air quality is a major concern in Belgium due to the high degree of urbanization and dense traffic networks. It is known that exposure to traffic-related air
pollution is associated with adverse respiratory effects. We investigated whether
traffic-related air pollutants are associated with exhaled nitric oxide (eNO) in
healthy adults.
The study population consisted of 48 healthy non-smoking adults (25 men, age 1665 years). eNO was analyzed in winter and summer using a portable Niox Mino
device. Exposure to traffic-related air pollution was assessed for all subjects in both
seasons by interpolated NO2, PM2.5, PM10 and O3 concentrations at the home
address for various exposure windows before eNO measurement and by using geographical information. Associations between exposure parameters and eNO were
tested using a multiple mixed-effects regression model with age, sex, and inflammation in the week before eNO analysis as covariates.
Various short-term NO2, PM2.5 and PM10 exposure windows (2-10 day lagged
averages) were significantly associated with eNO (p<0.05). eNO in winter and
summer were highly correlated (Pearson r=0.68, p<0.000001) and eNO was higher
in men compared to women (17.4 vs. 24.5 ppb, t-test, p<0.001).
Exposure to ambient NO2 and PM10 at the home address was associated with
eNO, indicative for lower airway inflammation in healthy adults.
This study was financed by the Flemish Government (Department of Environment
Nature & Energy, Environment & Health unit), and the EU-FP6 project
INTARESE.
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CUMULATIVE RISK MODEL FOR PM AND O3 IN
AMBIENT AIR.

D. A. Sarigiannis1, 2, A. Gotti2 and S. P. Karakitsios1. 1Chemical Engineering,
Aristotle University of Thessaloniki, Thessaloniki, Greece and 2Chemical Process
Engineering Research Institute, Centre for Research and Technology Hellas, Thermi,
Greece.
The study deals with the assessment of air pollution attributed short-term cardiovascular and respiratory morbidity and mortality in Athens in 2003-2005. The data
used included the daily number of hospital admissions and deaths due to cardiovascular and respiratory causes, hourly mean concentrations of O3 and PM and meteorological data from several monitoring stations from the area of study. The relations among these variables were analysed using Generalized Linear Models
(GLMs) and Artificial Neural Networks (ANNs). Using GLMs, causal links between PM-O3 levels and respiratory mortality were identified (an increase of 10
μg/m3 in both PM and O3 corresponds to an increase in morbidity equal to
4.49%). No statistically significant association was obtained for cardiovascular
mortality. An increase of 10 μg/m3 for PM and O3 corresponds to an increase in
cardiovascular morbidity equal to 1.84%, while respiratory morbidity seems to be
more sensitive to these changes (4.96%). The ANN model attributed slightly
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higher Relative Risk values. To validate the derived models, the RR values were validated against independent data for different years. Daily morbidity data were better predicted than mortality data suggesting that other causes than air pollution influence significantly mortality. ANN models perform better than GLMs in
predicting daily morbidity: Pearson coefficients are 0.734 and 0.717 respectively
for respiratory and cardiovascular morbidity using ANN compared to 0.519 and
0.429 obtained with GLM. Concerning daily mortality the two models produced
similar results with a Pearson coefficient of 0.29 for ANN and 0.31 for GLM.
ANN models tended to perform better than GLMs in predicting daily morbidity
and mortality. Comparison of the two methods indicated that the flexibility and
the adaptation of the ANNs models provides several advantages when assessing
non-linear problems, such as the u-shaped temperature effect, in predicting daily
mortality and morbidity.
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USING WORKER EPIDEMIOLOGICAL DATA TO
ASSESS CANCER RISK FROM INHALATION OF 2MERCAPTOBENZOTHIAZOLE.

A. Weinrich and J. Jinot. National Center for Environmental Assessment, US EPA,
Cincinnati, OH. Sponsor: D. Petersen.
2-Mercaptobenzothiazole (MBT) is used in the production of rubber products and
as a microbiocide preservative. The only inhalation exposure guidance are the
American Industrial Hygiene Association Workplace Environmental Exposure
Level (WEEL) 8-hour time-weighted average (TWA) of 5 mg/m3, derived from
oral toxicity data, and the German Maximum Concentration Value in the
Workplace (MAK) TWA of 4 mg/m3, based on a conclusion that MBT inhalation
was without detectable health effects. Both exposure guidelines note MBT is a skin
sensitizer, while the WEEL also indicates systemic risks from skin absorption. Oral
exposure data indicate evidence of liver tumors in mice, and hematopoietic, pituitary, adrenal, pancreatic, preputial, and subcutaneous tissue neoplasms in rats.
Serial epidemiological studies in two worker populations have suggested exposure
to MBT might increase the risk of several cancers. However, coexposure to other
workplace carcinogens has impeded evaluation of cancer risks from MBT. A reevaluation of data from a worker population in north Wales (United Kingdom) identified a subset of 363 workers for whom risks of lung and colon cancer and multiple
myeloma could be adjusted to account only for MBT exposure. The lung cancer
data did not exhibit a dose-response trend and only four cases of multiple myeloma
were identified among this subset. However, the colon cancer data suffered from
neither of these limitations and, based on a well-documented retrospective exposure
assessment, are used to estimate an upper bound lifetime general population risk of
more than 1 per mg/m3 exposure, and an upper bound worker risk of over 0.1 per
mg/m3 exposure. These risk estimates suggest workers exposed at current exposure
limits for a working lifetime may have substantial risk for developing colon cancer.
However, studies of a MBT-exposed West Virginia worker population cannot corroborate this conclusion, because they did not report data for colon cancer.
The views expressed in this abstract are those of the authors and do not necessarily
reflect the views or policies of the US EPA.

392

ORGANOCHLORINES AND THYROID HORMONES IN
CHILDREN.

S. Koifman, C. Freire, R. J. Koifman, A. S. Rosa and P. Sarcinelli. Epidemiology,
National School of Public Health, Oswaldo Cruz Foundation (FIOCRUZ), Rio de
Janeiro, RJ, Brazil. Sponsor: E. Silbergeld.
Background: High levels of exposure to organochlorine compounds (OCs) can affect human health. Epidemiological studies have either found an association between OCs exposure and lower T4 and T3 levels and higher TSH levels, or no association.
Objective: To explore the effect of OC exposure on thyroid hormone (TH) levels in
children from Cidade dos Meninos, Duque de Caxias county, RJ, Brazil), a highly
contaminated area with OCs;
Methods: Serum concentration of 19 OC pesticides and TH levels (free T4 [fT4],
total T3 [tT3] and TSH) were measured in a sample of 215 children <11 years of
age from Cidade dos Meninos. Linear regression analyses were conducted to examine differences in TH levels according to quintiles of pesticide exposure levels, controlling for age, gender and serum lipid content.
Results: Children presented high prevalence and exposure levels of most of the pesticides; fT4 and TSH levels were within reference values, whereas tT3 was above the
reference range (>180 ng/dL) in 36% of the children. Levels of tT3 showed an increasing linear trend (linear p-trend<0.05) across exposure categories of all pesticides. Increased fT4 was only related to HCB, p,p’-DDD, endosulphan I, and dieldrin levels. No significant trend was found for TSH.
Discussion/conclusion: Contrary to what has been generally reported in the literature among children exposed to OC pesticides, a consistent increase in total T3 according to OC exposure levels was observed. Positive associations between OCs and
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T3 or T4 levels has been scarcely reported, as mentioned according to p,p’-DDE
and tT3 among adults (Meeker et al (2007). Long term continuous exposure to
OC pesticides in Cidade dos Meninos, which started in the early sixties, has probably generated a quite heterogeneous exposure set than usually analyzed in other
studies, with lower intensity and intermittent exposure conditions. Hence, we hypothesize that the thyroid metabolism in children continuously exposed in utero
and afterwards to high OC pesticides levels, can react similarly as reported among
exposed adults.

393

NEUROBEHAVIORAL EXPOSURE-EFFECT GRADIENT
IN SCHOOLCHILDREN CHRONICALLY EXPOSED TO
PESTICIDES.

F. Yoram1, A. Ophir1, 2, E. Doitsch1, U. Wormser2, M. Aschner3 and E. D.
Richter4. 1Neurology and Toxicology Service and Unit, Shaare Zedek Medical Center,
Jerusalem, Israel, 2Institute of Drug Research, School of Pharmacy, Hebrew University,
Jerusalem, Israel, 3Pediatrics, Vanderbilt University Medical Center, Nashville, TN
and 4Department of Occupational and Environmental Medicine, Faculty of Medicine,
Hebrew University, Jerusalem, Israel.
Our group previously showed in-season reversible neurobehavioral effects of lowlevel chronic exposure to pesticides in residents in rural communities in Israel. This
study assessed the neurobehavioral effects in 8-12 years-old schoolchildren in these
communities. Eighty-four percent of these schoolchildren are the “second generation” exposed to pesticides, given that at least one of their parents has been residing
in this rural area for at least three decades and chronically exposed to pesticides. The
studied group included two sub-groups: 51 children who reside and attend school
in an exposed valley; and 45 children residing on the hills around the valley and attend school in the valley. The control group included 40 age- and sex- matched
children residing in a different rural area in which the use of pesticides is restricted
for decades.
Parents’ questionnaire included exposure assessment and Inattention Hyperactivity.
Neurobehavioral tests included Digit Cancellation, arithmetic, Diamond and Trail
Making Tests A and B; and Purdue Pegboard.
The performance of all these tests showed pesticides exposure-effect gradient. The
parents’ Questionnaires indicated a similar gradient between children’s exposure to
pesticides and their inattention and hyperactivity.
Neurotoxic effects of chronic exposure of children to pesticides were manifested in
their executive skills, first and foremost in their attention span, visual scanning and
execution speed. There may be environmental-susceptibility interactions and epigenetic effects expediting the occurrence of ADHD.
This work was partially supported by grants from EHF, No. RGA0903; Israel
Ministry of Environmental Protection, No. 7-2-1
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PERFLUOROOCTANOATE,
PERFLUOROOCTANESULFONATE, AND CHRONIC
KIDNEY DISEASE: CLEARANCE COMES BEFORE
CAUSATION.

J. L. Butenhoff, G. W. Olsen and L. R. Zobel. Medical Department, 3M Company,
St. Paul, MN.
A previous cross-sectional (C-S) study based on NHANES data reported a decreased estimated glomerular filtration rate (eGFR) and 2-fold increased risk in
chronic kidney disease (CKD) associated with serum perfluorooctanoate (PFOA)
and perfluorooctanesulfonate (PFOS) (mean ~5 and 25 ng/mL, respectively).
These authors suggested biological plausibility based on a 28-day gavage study in
which microscopic changes in the rat kidney were observed at 20 mg/kg PFOA or
PFOS (a 100% lethal dose for PFOS by day 26) and not observed at 5 mg/kg dose,
at which serum mean PFOA and PFOS concentrations were 39,000 and 72,000
ng/mL, respectively. To further examine this association, a C-S study was done of
506 male 3M Co. workers in a 2000 medical surveillance program prior to the 3M
phase-out of PFOA and PFOS. The eGFR was calculated by the formula: eGFR =
175 x (serum creatinine in mg/dL)-1.154 x (age in yrs)-0.203 x (0.742 if female) x (1.21
if black). CKD was defined as eGFR < 60 ml/min/1.73 m2. Serum PFOA and
PFOS were determined by LC-MS/MS. Median PFOA and PFOS concentrations
were 1,097 ng/mL (range 7 – 92,025) and 716 ng/mL (range 24 – 6,241), respectively. Important covariates were adjusted for by ANCOVA and logistic regression.
Median eGFR was 75.3 ml/min/1.73 m2 (range 24.6 – 130.2). The adjusted mean
differences between the eGFR in the 1st and 10th deciles of PFOA (median values
57 ng/mL and 4,941 ng/mL) and PFOS (median values 107 ng/mL and 3,069
ng/mL) were an insignificant increase of 1.7 ml/min/1.73 m2 (95% CI -1.0, 4.4)
and 2.0 ml/min/1.73 m2 (95% CI -0.8, 4.8), respectively. The odds ratios for CKD
were 1.07 (95% CI 0.60, 1.91) and 0.66 (95% CI 0.35, 1.17), respectively. There
was no evidence for a decreased trend in eGFR or increased risk for CKD in this CS study. This suggests that the likely correct interpretation of the NHANES data is

that lower eGFR leads to higher serum PFOA and PFOS based strictly on physiological factors and is non-causal. This may explain other perfluoroalkyl associations
with renal-cleared compounds, including C-reactive protein and uric acid.
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EXPOSURE-BASED ESTIMATION OF THE GLOBAL
FOODBORNE BURDEN OF DISEASE FROM CADMIUM
EXPOSURE.

Y. Zang, C. D. Carrington and P. Bolger. Center for Food Safety and Applied
Nutrition, US FDA, College Park, MD.
A LONGITUDINAL OCCUPATIONAL ASSESSMENT OF
THE POTENTIAL ASSOCIATION OF CHANGES
BETWEEN SERUM CONCENTRATIONS OF
PERFLUOROOCTANOATE AND
PERFLUOROOCTANESULFONATE AND NON HIGHDENISITY-LIPOPROTEIN CHOLESTEROL.

D. J. Ehresman, J. L. Butenhoff, S. Chang and G. W. Olsen. Medical
Department, 3M Company, St. Paul, MN.
Introduction: Cross-sectional studies of general, environmentally-exposed populations have observed a positive association between serum concentrations of perfluorooctanoate (PFOA) and perfluorooctanesulfonate (PFOS) with serum non-highdensity-lipoprotein (non-HDL) cholesterol. The strength of these associations has
been paradoxically not observed in occupational studies. Toxicological and mechanistic studies have demonstrated that PFOA and PFOS would be expected to reduce serum cholesterol; therefore, a causal basis for the associations observed in
cross-sectional studies has been questioned. Cross-sectional studies cannot be used
to infer causality. The study reported herein represents the first longitudinal assessment of these potential associations among individuals whose initial concentrations
were at general population levels. Objective: To examine in a longitudinal occupational assessment whether changes in the serum concentrations of PFOA and
PFOS are positively associated with non-HDL cholesterol. Methods: Baseline and
end-of-project PFOA, PFOS, lipid and hepatic clinical chemistries were measured
in 204 workers involved with the demolition of former perfluoroalkyl manufacturing facilities. Of interest were 130 workers whose PFOA and PFOS baseline concentrations were at general population (ng/mL) levels. Results: Among the 130
workers, their mean matched pair changes included: PFOA 46 ng/mL (p <
0.0001); PFOS 4.3 ng/mL (p < 0.0001); and non-HDL cholesterol -0.3 mg/dL (p
= 0.89). Non-HDL cholesterol and hepatic clinical chemistries were not positively
associated with PFOA or PFOS in linear regression analyses. Conclusion: In a longitudinal assessment, significant positive associations were not observed between
changes in PFOA, PFOS, non-HDL cholesterol and hepatic clinical chemistries.
Therefore, the associations observed in cross-sectional studies likely have a noncausal basis.
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NEGATIVE ASSOCIATION OF ENVIRONMENTAL
EXPOSURE OF BLOOD LEAD AND BLOOD CADMIUM
WITH DIABETES IN THE NHANES 1999–2006.

F. Scinicariello1 and K. A. Thayer2. 1Division of Toxicology and Environmental
Medicine, CDC ATSDR, Atlanta, GA and 2Office of Health Assessment and
Translation, NIEHS/NTP, Morrisville, NC. Sponsor: M. Mumtaz.
Background: There have been reports suggesting an association of blood lead and
blood cadmium with diabetes type 2. The objective of this study was to evaluate
whether environmental blood lead level (BLL) and blood cadmium level (BCL)
were associated with diabetes in the adult U.S. population.
Methods: We analyzed data from NHANES 1999–2006 participants aged 20 years
and older for levels of blood cadmium and blood in relation to the prevalence of diabetes. Diabetes (n= 2121) was defined as self-reported, currently taking insulin, or
diabetic pills to lower blood sugar or glycated hemoglobin (A1C) >6.5%. Blood
lead and blood cadmium were categorized by weighted distribution in tertiles.
Logistic regression models were adjusted for age, education, alcohol intake, smoking status, BMI, hypertension and serum creatinine (as a marker of kidney function).
Results: A significant negative association was found between BLL, BCL and diabetes. Individuals with BLL in the second (BLL= 1.11 – 1.90 μg/dL) and third
(BLL <1.91 μg/dL) tertiles had significant adjusted PORs (0.67, 95% CI: 0.56 –
0.80; and 0.46, 95% CI: 0.37 – 0.56, respectively) to have diabetes compared to
those in the first tertile. Individuals with blood cadmium in the second (BCL= 0.21
– 0.44 μg/L) and third (BCL <0.45 μg/dL) tertiles compared to those in the first
tertile had significant adjusted PORs (0.78, 95% CI: 0.64 – 0.94; and 0.69, 95%
CI: 0.56 – 0.85, respectively). Analyses of lead and cadmium mixture found that
individuals in the second and third tertiles of both BLL and BCL had a significant
negative adjusted POR (0.50, 95% CI: 0.37 – 0.67; and 0.30, 95% CI: 0.21 –
0.42).
Conclusions: The findings, which are inconsistent with several previous reports,
suggest that a potential role of blood lead and blood cadmium in the pathogenesis
of diabetes is still unclear. Because of the cross sectional nature of the NHANES
data further prospective studies are need to address these findings.

Foodborne diseases constitute a serious worldwide public health threat. The World
Health Organization (WHO) has launched an initiative to estimate the global burden of foodborne diseases, the Foodborne Disease Burden Epidemiology Reference
Group (FERG). Cadmium (Cd) is a toxic element that is widely distributed in
foods, and is one of FERG’s priority chemicals. Weight of evidence analysis was
performed based on a thorough literature search and review. Renal and skeletal effects were identified as having a cause-effect association with Cd exposure. Urinary
cadmium (U-Cd) was used as the indicator of chronic Cd exposure and assumed to
follow a log-normal distribution. Next, dose-response relationships were modelled
by fitting dichotomous models to selected epidemiological data. Given the uncertainties in both the dose and the disease frequency, a nonparametric bootstrap
method was used to characterize uncertainty distributions of model parameters.
Disease prevalence rates were estimated based on the published U-Cd ranges in different WHO regions and the derived dose-response relationship. The Cd-attributable disease prevalence was estimated by subtracting the base prevalence of each endpoint. The estimated Cd-attributable disease prevalence was 0-25.6/1000 for
microalbuminuria and 0-20.2/1000 for osteoporosis in different WHO regions. In
areas close to industrial sites, the Cd-attributable disease prevalence was 12.033.7/1000 for microalbuminuria and 15.9-28.5/1000 for osteoporosis. While certain seafood and animal offal can accumulate high levels of Cd, the assessment of
data from populations with high consumptions of seafood or animal offal did not
show a large increase in Cd-attributable diseases. Therefore, Cd exposure from
grains and vegetables grown on contaminated soil from industrial sites is a more significant contribution to Cd related burden of disease.
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IS SSRI ANTIDEPRESSANT USE IN PREGNANCY
PROTECTIVE FOR RISKY ALCOHOL CONSUMPTION?

H. S. Feldman1, K. L. Jones1 and C. Chambers1, 2. 1Pediatrics, University of
California San Diego, La Jolla, CA and 2Family and Preventative Medicine,
University of California San Diego, La Jolla, CA. Sponsor: S. Harris.
Background: Women who drink heavily in pregnancy have been shown to exhibit
higher levels of depressive symptoms than women who do not. Selective serotonin
reuptake inhibitors (SSRIs) are the most commonly prescribed antidepressants. A
Finnish study reported that mothers of children with Fetal Alcohol Syndrome
(FAS) were seven times more likely to have taken SSRIs during pregnancy than
mothers of normal children. The purpose of this study was to examine the association between alcohol consumption and SSRI exposure. Methods: Data were collected from 992 women who enrolled in the California Teratogen Information
Service and Clinical Research Program (CTIS) cohort study between 1978 and
2005. For this analysis, women were selected who reported any alcohol consumption. Alcohol exposure categories included average daily volume, number of binge
episodes, and greatest number of drinks in one occasion during each half of the first
trimester and each trimester. The exposure of interest was reported SSRI drug use
(citalopram, escitalopram, fluoxetine, paroxetine, and sertraline) any time in pregnancy. Results: SSRI exposure in pregnancy was significantly negatively associated
with prenatal alcohol exposure. Specifically, SSRI exposure in pregnancy was associated with significantly lower number of average daily drinks during the second
half of the first trimester (β=-0.34, p=0.01) and significantly lower number of binge
episodes during each half of the first trimester and the second trimester (p’s <0.05).
In addition, SSRI exposure was associated with significantly lower maximum number of drinks in one episode during the second half of the first trimester (β=-0.61,
p<0.01). Conclusion: We did not have the data to examine severity of the depressive symptoms. However, our analyses suggest that women with major depression
who are appropriately treated with antidepressants may reduce alcohol consumption during pregnancy. Future analyses should include examining alcohol consumption and timing of SSRI exposure.
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DRINKING WATER ARSENIC LEVELS PREDICT
PLASMA LEVELS OF OXIDIZED LDL CHOLESTEROL
(OXLDL) IN NAVAJO POPULATIONS EXPOSED TO
URANIUM-CONTAMINATED MINING SITES.

M. Harmon, M. Campen, C. Miller, C. Shuey, M. Cajero, B. Pacheco, E.
Erdei, J. DeGroat, G. Stark, S. Ramone, S. Henio-Adeky, T. Nez and J. Lewis.
Pharmaceutical Sciences, University of New Mexico, Albuquerque, NM.
Numerous abandoned mines within the Navajo Nation contribute uranium, arsenic, radium and other heavy metals to the soil and groundwater. Environmental
exposure to heavy metal contaminants may promote or exacerbate cardiovascular
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disease. To assess the potential impact of these contaminants of cardiovascular
health of exposed individuals, we have begun to examine traditional (IL-6, CRP)
and novel (oxLDL and its receptor LOX-1) plasma biomarkers in a large community of the Navajo Nation. Samples and data were obtained through a culturally appropriate community-based participatory approach, incorporating data collection
and outreach by Navajo community staff. Biomarker and self-report data were then
linked to geospatial data on contamination sites using traditional linear regression
and Bayesian models. Proximity to abandoned uranium mines was not a significant
predictor of oxLDL or LOX-1. However, when we used a binary model for uranium and arsenic drinking water levels, we observed that the estimated annual intake of arsenic was a significant predictor of the logarithm of ox-LDL, and therefore
of ox-LDL itself; age, the occupational exposure score, and the distance-environmental exposure score are also significant predictors. However, a binary variable derived from the arsenic intake, with the three other predictors named, is a better predictor. It has more significance in its model, and its model fits the oxLDL data
better. Neither metal was a significant predictor for Lox-1. These results indicate
that arsenic intake may increase markers of cardiovascular risk. While still preliminary, these findings highlight the potential risks of using water with high levels of
arsenic contamination. Ongoing work will help us understand the level of risk incurred by arsenic, providing the Navajo community and health practitioners with a
more informed basis for decision-making.
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INCREASED LEVEL OF URINARY 8HYDROXYDEOXYGUANOSINE RELATED TO ALDH2
POLYMORPHISMS IN WORKERS OCCUPATIONALLY
EXPOSED TO STYRENE.

Z. Weng1, 5, D. Guan2, X. Zhang4, P. Zhao3, Y. Zheng4 and R. Wang1. 1Japan
National Institute of Occupational Safety and Health, Kawasaki, Japan, 2Beijing
Fengtai Health Inspection Institute, Beijing, China, 3Beijing Guoji Zhongyi Hospital,
Beijing, China, 44National Institute of Occupational Health and Poison Control,
Beijing, China and 5Division of Biochemical Toxicology, National Center for
Toxicological Research, Jefferson, AR. Sponsor: M. Lan.
In this study, we examined the effect of occupational exposure to styrene on the
level of urinary 8-hydroxydeoxyguanosine (8-OH-dG), which is a good indicator
of oxidative stress in vivo, in 329 styrene-exposed workers and 152 unexposed
healthy individuals in a reinforced plastic factory. In addition, we also analyzed the
modifying effect of genetic polymorphisms of ALDH2 on styrene-induced oxidative stress. Urinary 8-OH-dG was measured by an automatized high-performance
liquid chromatography-electrochemical detector system and is normalized to creatinine concentration. Results showed that the level of urinary 8-OH-dG was significantly increased in styrene-exposed workers than unexposed individuals. We observed that there was a positive correlation between the level of urinary 8-OH-dG
and years of employment in workers exposed to styrene. Individuals carrying variant allele ALDH2 *2 showed significantly higher level of urinary 8-OH-dG than
wild-type ALDH2*1/*1 in styrene-exposed workers, but not in unexposed healthy
individuals. These data indicated that occupational exposure to styrene seems to induce oxidative stress in vivo, and this oxidative stress may be modulated by the activity of ALDH2.
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ENVIRONMENTAL FACTORS ASSOCIATED WITH THE
DEVELOPMENT OF BREAST AND CERVICAL CANCER
IN WOMEN FROM NAYARIT, MEXICO.

L. Ortega1, E. A. Rojas1, M. L. Robledo1, B. Barrón1, I. Girón1, F. López2, A.
Carrillo2, A. Rodríguez2, A. Jauregui3 and I. M. Medina1. 1Secretaría de
Investigación y Posgrado, Universidad Autónoma de Nayarit, Tepic, Nayarit, Mexico,
2Centro Estatal de Cancerología de Nayarit, Secretaria de Salud, Tepic, Nayarit,
Mexico and 3Hospital Civil Antonio González Guevara, Secretaria de Salud, Tepic,
Nayarit, Mexico.
The incidence of breast and cervical cancer varies widely among countries. In
Mexico, for several years (1955-2005) cervical cancer mortality used to surpass
breast cancer mortality in women. In 2006, however, the incidence of breast cancer
increased and went ahead cervical cancer. The same year, the state of Nayarit occupied one of the first places having high incidence of cervical and breast cancer. The
aim of this study was to analyze whether some environmental factors are associated
with the development of cancer, as well as to describe the current trends of morbidity for breast and cervical cancer in women who attended the Cancer Center of
Nayarit, Mexico during 2006-2010. The preliminary results show that the prevalence of cervical cancer is high in the poorest and most marginalized regions where
woman start sexuality at an early age. Patients with breast cancer had a family history of cancer (45%) early menarche (11-13 years), advanced age of menopause
(50-54 years), smoking and drinking habits (9 and 6%, respectively). The etiology
of cancer is multifactorial from which 95% is environmental and hormonal.
Environmental estrogens include polycyclic aromatic hydrocarbons which appear
to be carcinogenic by genotoxic mechanisms and are found in tobacco smoke.
Studies are in progress to explore the association between environmental factors and
the incidence of both types of cancer.
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HEART RATE VARIABILITY (HRV)-BASED
ASSESSMENT OF AUTONOMIC FUNCTION
DISTURBANCES USING A RODENT TELEMETRY
MODEL.

M. R. Metea1, T. J. Vidmar2 and P. R. Atterson1. 1WIL Research Laboratories,
Ashland, OH and 2BioSTAT Consultants, Portage, MI.
PULMONARY FUNCTION TESTING IN UTILITY
WORKERS.

S. C. Harbison, G. T. Johnson, J. D. McCluskey, P. Xu, J. White, S.
Mohammed, J. Wolfson and R. D. Harbison. Environmental and Occupational
Health, University of South Florida—College of Public Health, Tampa, FL.
Utility workers may be exposed to petroleum combustion by-products, insulation
chemicals, and other pulmonary toxicants in the workplace that may affect pulmonary function (PF) and may require use of respiratory protection. This investigation used occupational health monitoring examination data to characterize PF in
a population currently employed as utility workers in the state of Florida. PF tests
for male workers (n = 227) who required health examinations to ensure fitness for
continued respirator use were compared to NHANES III Raw Spirometry subjects
(n = 4,958) to determine if decreased PF was associated with employment as a utility worker. Mean FVC and FEV1 values were determined and multivariate regression was used to evaluate the impact of utility worker status on PF after adjusting
for confounders. Workers produced a higher mean FVC of 4.84L (95%CI 4.724.96) compared to a mean NHANES III subject value of 4.70L (95%CI 4.684.73) (p = 0.0230). No significant difference was detected between the worker
FEV1 mean of 3.81L (95%CI 3.72- 3.90) and the mean NHANES III subject
value of 3.71 L (95%CI 3.69 - 3.73) (p = 0.0560). No significant differences were
found between mean pulmonary function test values of workers and NHANES III
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study subjects when stratified by age, height, and smoking status except among
older utility workers, who demonstrated modestly better pulmonary function values compared to their NHANES III counterparts. Multivariate regression analysis
demonstrated significant predictors of FEV1 included age, height, pack-years of
smoking, and utility worker status (all p-values < 0.0001). Significant predictors of
FVC also included age, height, pack-years of smoking, and utility worker status (all
p-values < 0.02). The direction of effect for utility worker status was beneficial for
lung function (parameter estimates 0.17 L FEV1 and 0.12 L FVC). The modest increase in PF observed in utility workers in multivariate analysis is likely due to a
combination of effective exposure controls in the workplace and the healthy worker
effect among aging workers.
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While heart rate variability (HRV) is widely recognized as an adequate marker for
cardiovascular or autonomic function, it not often considered for the preclinical
evaluation of cardiovascular risk. In the present study we explored the use of HRV
for the preclinical evaluation of drugs for potential disturbances in autonomic function.
Five groups of 4 male Sprague Dawley rats surgically implanted with DSI
TL11M2-C50-PXT radiotelemetry transmitters for collection of blood pressure
and heart rate were administered either autonomic system blockers (5 mg/kg
Phentolamine; 1 mg/kg Atenolol; 0.5 mg/kg Atropine; and a combination of
Phentolamine and Atenolol) or physiological saline by intravenous injection, and
cardiovascular data collected continuously predose and for 24 hours postdose. HRV
analysis was performed with Kubios analysis software, developed by the University
of Kuopio, Finland. Variations in heart rate induced by reference compounds were
calculated using the methods outlined by the North American Society of Pacing
and Electrophysiology Task Force (1996) and encompassed time domain (statistical
and geometric), frequency domain, and nonlinear methods. Results obtained with
each method were analyzed statistically (one-way analysis of variance with a repeated measures model) focusing on either short term (one hour) or long term (24
hours) changes in HRV. For each method used, statistically significant changes were
identified and a set of variables with potential as autonomic function marker were
selected and discussed. The results support the use of a selected set of HRV endpoints to assess autonomic function in a rodent preclinical model.
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STUDIES OF THE QT PROLONGATION
RELATIONSHIP IN GUINEA PIG, RABBIT, AND
BEAGLE DOG IN THE QTC ASSESSMENT.

R. Dai, C. Zhang, S. Xie, Y. Tan and J. Deng. Zhongshan PharmaSS Corporation
and South China University of Technology, Zhongshan, Guangdong, China.
QT interval prolongation of the electrocardiogram has been associated with the occurrence of life-threatening fatal ventricular arrhythmias. The recent withdrawal
from marketing of several drugs due to potential drug-related cardiac arrhythmias
has greatly increased concern about drug-related changes on the QT interval. To
avoid the QT prolongation as to increase the survivability of new drug candidates
during new drug discovery and development, use of much rigorous methodology is
critical to evaluate the potential of QT prolongation liability. To exploring the relationship between preclinical cardiac conduct assessments relatively to the clinical
outcome, measurements of QT Prolongation by Sotalol in Guinea pig, Rabbit, and
Beagle dog were conducted using standard 12-lead ECG. The results display a linear relationship of 䉭QTc versus body weight in three testing animals. Interestingly,
extending the relationship with the literature human data revealed that 䉭QTc is
better fitted with the body surface area. Additionally, crud extracts of several
Traditional Chinese Medicines, which respectively consist of potential cardiotoxic
alkaloids, diterpene lactones, and cardiac glycosides, were studied using this system.
Most 䉭QTc is linear fit with the body weights of Guinea pig, Rabbit, and Beagle
dog. Those results are discussed.
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QT CORRECTION METHODS: CAN WE FURTHER
OPTIMIZE METHODS IN CYNOMOLGUS MONKEYS,
BEAGLE DOGS AND GöTTINGEN MINI-PIGS?

A. Stein1, S. Authier2, 3, A. Ascah2, M. Pouliot2, R. Forster2 and E. Troncy3.
1Stein Consulting, LLC, San Diego, CA, 2CiToxLAB, Laval, QC, Canada and
3Faculty of Veterinary Medicine, University of Montreal, St-Hyacinthe, QC, Canada.
Correction of QT interval for heart rate is common practice in safety pharmacology. While standard correction methods are widely used, these methods suffer from
species specific but also individual variations of the QT/RR relationship.
Electrocardiographic data obtained from implanted and jacketed telemetry was
used for analysis. A comparison of standard correction formulas and an individual
correction method was conducted in Beagle dogs, cynomolgus monkeys and
Göttingen minipigs. In all species, an individual correction method (QTca) provided the most stable QT values as a function of heart rate. When comparing standard methods, QT was optimally corrected with the Fridericia’s method (QTcF) in
minipig, the Bazett (QTcB) in monkeys and QTcF or the Van De Water’s method
(QTcV) for Beagle dogs. When using jacketed telemetry data, the mean slope of
QTc as a function of heart rate in cynomolgus monkeys was -0.179 ± 0.232
msec/bpm for QTcF, 0.467 ± 0.070 msec/bpm for QTcB and 0.020 ± 0.010
msec/bpm for QTca. The interval between calculations of QTca correction parameters for each animal may represent a success factor when using this method. Our
results strongly highlight the beneficial impact of an individual correction method
to improve the correction slope in all species but also to decrease variance of individual data within the same species, therefore increasing sensitivity of the models to
detect QTc prolongation or shortening.
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RELIABILITY OF QT MEASUREMENTS COLLECTED
FROM ROUTINE 28-DAY REPEAT-DOSE TOXICITY
STUDIES.

R. Irwin, E. N. Luea, K. Willard, B. S. Wahle and D. S. Dandekar. Xenometrics,
LLC, Stilwell, KS.
There is a growing demand to include safety pharmacology parameters as a part of
nonclinical toxicology studies. To meet this demand, various options such as jacket
ECG monitoring or a subset of surgically implanted telemetrized dogs has been explored. Measurement of surface ECGs from limb leads I, II and III during a standard 28-day repeat dose canine toxicology study has been an ongoing practice for
several years. However, due to study-related manipulations during study conduct,
reliability and additive value of surface ECGs measured during toxicology studies is
still unclear. In this case study, we have compared the ECG data (QT interval) obtained from dog telemetry studies (CV studies) to that of ECGs obtained from toxicology studies (TOX studies).
For comparison, vehicle control data (QT and RR interval) from three canine TOX
studies and vehicle control data (QT and RR interval) from three canine CV studies were compared following 1, 2 or 3 h postdose intervals. To assess the effect of
handling/study-related manipulations during toxicology studies, pre-study surface
ECG data (Day 1) was also compared with post-study data (Day 28).

The QT duration for beagle dogs from CV studies was 250 – 300 milliseconds (ms)
and for the dogs from TOX studies was 215 – 240 ms (Day 1 and Day 28). The QT
duration for dogs from CV studies was significantly greater than the QT duration
for the dogs from TOX studies at all the time points however; the data were still
within our laboratory historical range for CV or TOX study type and all the data
obtained from the TOX studies from Day 1 and Day 28 were very consistent
(within 215-240 ms). These results suggest that the surface ECG data following
daily handling or study related manipulations of the animals did not affect the QT
interval data. This comparison also shows that the surface ECG measurements
should provide a reliable snap shot of potential QT effects following repeat dose administration without utilizing special (jacketed or telemetrized dogs). Further investigations on the sensitivity of surface ECG measurement is ongoing.
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OPTIONS FOR BLOOD PRESSURE DETERMINATION
IN EITHER DRF, MTD, OR REPEATED-DOSE
TOXICITY STUDIES IN CYNOMOLGUS MONKEYS.

B. Niggemann and M. Niehoff. Covance Laboratories GmbH, Muenster, Germany.
Sponsor: F. Vogel.
Introduction: Various methods are available for determination of blood pressure in
cynomolgus monkeys. Animal restraint is required for standard oscillometry (OSC)
as well as High Definition Oscillometry (HDO), whereas animals are allowed to
freely move in their homecage during data collection for both minimal
invasive(MI) and full implant (FI) telemetry. In this study we compared the above
blood pressure determination approaches in the cynomolgus monkey model when
applied to difference study designs. Methods: Blood pressure measurements were
performed under different conditions, and various numbers of animals as follows:
OSC: Cardell: Veterinary Monitor; HDO: S+B medVet Memo Diagnostic; MI:
PA-C10-TOX implant, FI: Koenigsberg T27F-2B. Results: For OSC the systolic
pressure range was 143±22 (mean±SD), diastolic 90±25, and MAP 116±24
mmHg, for HDO the ranges were 138±21 mmHg for systole, 73±12 mmHg for
diastole, and 96±13 for MAP on conscious, untreated animals. For the FI, systolic
pressure range was 118±3, diastolic 86±3, and MAP 100±4. Overall, it has to be
noted, that for both restraint procedures, the standard deviation is higher when
compared to invasive approaches. Although non-invasive OSC and HDO indicate
overall reliable results, detection of hypertension becomes difficult because of excitement and finally elevated blood pressure values. The advantage of an implanted
system with regard to detection of hypertension was clearly shown in animals after
treatment with Torcetrapib (FI), and with Effortil (MI). However, it certainly needs
to be considered that invasive approaches might be accompanied by unexpected
side effects (e.g. micro infarcts), but our data indicate only local irritations like intima thickening. Conclusion: The data suggest that especially for drug induced hypertonic effects, the use of either full implants (FI) or minimal invasive (MI)
telemetry implants should be considered since data collection is feasible in conscious, unrestrained animals and can be collected for significantly prolonged periods.
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JACKETED EXTERNAL TELEMETRY IN GUINEA PIGS:
A SCREENING TOOL FOR EVALUATION OF CARDIORESPIRATORY FUNCTION IN EARLY DRUG
DEVELOPMENT.

A. El Amrani, J. Legrand, A. Bétat, S. Loriot and R. Forster. CiToxLab France,
Evreux, France.
The guinea-pig is a well established animal model for the evaluation of QT lengthening. The guinea pig is routinely used as anesthetised model or as a conscious
model using implanted telemetry. Implantation of telemetry devices in guinea pigs
requires surgical intervention that is time consuming and expensive. Therefore, the
purpose of the present study was to evaluate a newly established jacketed external
telemetry model in freely moving guinea pigs. Female guinea-pigs were equipped
with jacketed external telemetry using DSI transmitters and placed in plethysmography chambers allowing simultaneous recording of ECG and respiratory parameters. To evaluate the sensitivity of the model, effects of low dose of sotalol (10
mg/kg) or vehicle (0.5% methylcellulose) on ECG were investigated in freely moving guinea pigs (6 animals per group). In addition, effects of clonidine (5 mg/kg)
on respiratory parameters were investigated. Drug treatments were performed by
the oral route and all parameters were recorded one hour before and for a minimum
of 4 hours after treatment. Although a low dose-level was used in the present study,
significant increases in QT and QTb (Bazett’s correction) were observed after administration of sotalol. When compared to the vehicle, clonidine produced significant decreases in tidal volume and increases in respiratory rate.
The present study demonstrates that the jacketed external telemetry model in freely
moving guinea-pigs can be a valuable screening tool for the potential risk assessment of new chemical entities, biologics or anti-cancer drugs on cardio-respiratory
function in early drug development process.
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METHOD VALIDATION OF CARDIOVASCULAR AND
RESPIRATORY SAFETY ASSESSMENT IN
CYNOMOLGUS MONKEYS AND BEAGLE DOGS.

Q. Cai, N. Niu and L. Sun. Pharmaron Inc., Beijing, China. Sponsor: R. Marler.
This study validates the methods of cardiovascular and respiratory safety assessment
in cynomolgus monkeys and beagle dogs using telemetry system and respiratory
flow system at Pharmaron’s Laboratory.
The cardiovascular effects of moxifloxacin and xylazine were investigated in
cynomolgus monkeys and beagle dogs implanted with telemetry transmitters. The
respiratory effects of methacholine, 8% CO2 and buprenorphine were evaluated in
conditioned cynomolgus monkeys with helmet and beagle dogs with face mask
connecting to respiratory flow system.
Moxifloxacin significantly prolonged QTc intervals and increased QT and R-R
wave intervals in the telemtered cynomolgus monkeys (given 50 mg/kg) and beagle
dogs (given 60 mg/kg). Xylazine increased both the diastolic and systolic pressures
immediately after dosing in telemtered beagle dogs (given 2 mg/kg). Methacholine
(8 μg/kg) significantly increased respiratory rate and minute volume (MV) in beagle dogs. CO2 at 8% significantly increased tide volume (TV), MV and respiratory
rate in cynomolgus monkeys. Buprenorphine significantly decreased TV and MV
in beagle dogs (given 16 μg/kg) and decreased MV and respiratory rate in cynomolgus monkeys (given 0.1 mg/kg). These observed cardiovascular and respiratory effects are similar and/or comparable to the results reported in the literature [1-8].
In conclusion, the cardiovascular effects of moxifloxacin and xylazine and the respiratory effects of methacholine, 8% CO2 and buprenorphine reported in the literature were reproducible in Pharmaron’s laboratory.
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IMPACT OF A NOVEL DENOISING ALGORITHM ON
ECG ANALYSIS.

M. Miyamoto1 and M. Brockway2, 3. 1Huntingdon Life Sciences, E. Millstone, NJ,
2VivaQuant, St. Paul, MN and 3University of Minnesota, St. Paul, MN. Sponsor: R.
Hamlin.
Noise and artifact in ECGs collected from ambulatory preclinical subjects has been
an obstacle to accurate and efficient automated analysis of ECG intervals. Most
troublesome is noise that is within the bandwidth of the ECG signal (e.g. in-band
noise) because it cannot be removed by traditional filtering techniques without distorting the ECG. In-band noise is most often caused by EMG and movement artifact. A new technology, Multi-Domain Signal Processing (MDSP denoising), has
been shown to reduce the amplitude of in-band noise by up to 90% without distorting ECG morphology. In this work, the impact of MDSP denoising on analysis
of ambulatory telemetered preclinical subjects using the EMKA ECGauto is evaluated. Five 24-hour recordings obtained using DSI D70-PCTs and Dataquest were
analyzed by an experienced operator using EMKA ECGauto before and after
MDSP denoising. Analysis results show that denoising using MDSP reduces the
number of cardiac cycles rejected by the EMKA system due to excessive noise by >
90%. These results demonstrate that denoising of ECG recordings using MDSP
prior to analysis with EMKA ECGauto can provide a significant increase in the
number of cardiac cycles that can be automatically analyzed using the EMKA system, and may reduce the amount of labor required to review and edit results, especially when continuous beat-to-beat evaluation is required.
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STATISTICAL SIMULATION FOR SENSITIVITY OF THE
JACKETED EXTERNAL TELEMETRY ASSAY FOR
DETECTING CHANGES IN ELECTROCARDIOGRAM
AND BLOOD PRESSURE.

M. Marker, K. Soper, M. Santora, V. Dhulipala and H. Miyazaki. Merck & Co.,
West Point, PA.
A statistical simulation was performed to assess the sensitivity of the canine jacketed
external telemetry assay incorporated to a toxicity study for detecting drug-induced
changes in electrocardiogram (ECG) and blood pressure (BP). Two studies were
conducted; 0.5% methylcellulose and dl-sotalol at 1, 3, and 10 mg/kg (p.o.). The
dl-sotalol study had a 3-period fixed sequence design with 4 dogs; each received vehicle (period 1) followed by two different doses (period 2 and 3). The vehicle study
had 4 dogs; each received 0.5% methylcellulose over several periods. The sensitivity/power was simulated for 3-period fixed sequence (n=/seq.2 or 3), parallel groups
(n=6/group or 8) and 4x4 Latin square (n=1/seq.) designs. The simulations assumed a true effect profile and variability from the two studies. The data were 5
min. averages, every 5 mins. for 24 hours. Data were summarized via AUC[0 to 6
hrs] and analyzed using repeated measures ANOVA. The simulation results for the
3-period fixed sequence design (n=2/seq.) showed that the test system was capable
of detecting significant (p-value <0.05) changes of 10-14%, 37-46%, 21-28%, 13-
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16% and 9-13% in BP, HR, PR, QRS, and QTc with 80-90% power, respectively.
The sensitivity was improved by increasing the number of dogs from n=2/seq. to
n=3/seq. (5.3-6.6% in QTc with 80-90% power in n=3/seq.) and changing study
design to a 4x4 Latin square (5%-6% change in QTc with 80-90% power with
n=1/seq.) or a parallel design with n=6 or 8 per group (3.6-4.2% in QTc with 8090% power in n=6/seq.; 3.2-3.5% in QTc with 80-90% power in n=8/seq.). In the
dl-sotalol study, the expected pharmacological changes (dose-response and timecourse changes) were accurately detected; effects as small as a 14% decrease in HR,
8% increase in PR and 9% increase in QTc were detected. In conclusion, the canine jacketed external telemetry assay incorporated to toxicity studies, was able to
detect small changes in ECG or BP and was considered acceptable as a cardiovascular model in the preclinical testing.
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ASSESSMENT OF BOVINE SERUM ALBUMIN ADDED
TO MODIFIED KREBS HENSELIET BUFFER EFFECTS
ON ECG, LEFT VENTRICULAR MECHANICS, AND
CORONARY BLOOD FLOW IN THE GUINEA PIG
ISOLATED HEART.

R. Borders, K. Henderson, J. Ross, S. Armentrout, B. Wood, T. Vinci and B.
Roche. Battelle, Columbus, OH.
The Langendorff isolated heart perfusion assay is valuable in determining the effects of pharmaceutical compounds on changes in cardiac electrical conductivity
and cardiac contractility. Perfusing the isolated heart with protein free solution may
result in myocardial tissue edema which would alter hemodynamic function.
Bovine Serum Albumin (BSA) is commonly used in preparations of Krebs
Henseliet Buffer (KHB) to prevent tissue edema. The added protein increases oncotic pressure by drawing fluid into the circulatory system, mimicking conditions
found in-vivo considering albumin in blood is responsible for 79% of the total capillary oncotic pressure. The aim of this study was to determine the effects of 1%
BSA added to the KHB in retrograde perfusion on the isolated guinea pig heart.
Measurements of ECG, left ventricular mechanics, and coronary flow were compared for KHB solution alone, against KHB with 1% BSA added. Additionally, in
increasing concentrations of terfenadine, a known QT prolonging agent, parameters were assessed utilizing the 1% BSA in KHB. Hearts perfused with 1% BSA
demonstrated an increase in coronary flow rates over time while hearts perfused
with KHB alone decreased. Effect of BSA on ECG was minimal between the two
groups. The increasing concentrations of terfenadine caused reduced contractility
parameters as well as QT prolongation in the presence of BSA. In conclusion, the
isolated hearts perfused with 1% BSA demonstrated greater stability in the measured contractility parameters over time as compared to hearts perfused with KHB
alone. The effects of terfenadine where similar in this preparation
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THE TELL-TALE HEART: WHAT CAN THE ISOLATED
HEART TELL US ABOUT DRUG-INDUCED CARDIAC
INJURY?

K. A. Henderson1, B. R. Borders1, J. B. Ross1, H. Theresa3, J. Amir4, E.
Gonzalez2, S. Armentrout2 and R. Brian2. 1Science and Technology, Battelle
Memorial Institute, Columbus, OH, 2Safety Pharmacology, Battelle Memorial
Institute, Columbus, OH, 3Battelle Eastern Science and Technology Center, Battelle
Memorial Institute, Aberdeen, MD and 4Medicine, Ohio State University, Columbus,
OH.
Pharmaceutical drug attrition and failures after FDA approval remains an issue for
the pharmaceutical industry and public safety. 30% of post approval drug failures
are due to cardiac toxicity with 12% from arrhythmias and 18% due to compromised contractility. There is a need to engage in earlier, rigorous, preclinical cardiac
testing. A cardiac toxicity assay should be cost effective, balanced specific and sensitive, translatable and predictive of acute and latent cardiac dysfunction and damage. The Langendorff model appears to meet most of these requirements. Our goal
was to demonstrate the power and viability of the Langendorff model for predicting
drug induced defects in cardiac contractility by combining multiple analysis end
points including ECG, contractility, energetics, and biomarkers of injury. Male
Sprague Dawley rats were anesthetized with 50mg/kg of Nembutal, intubated,
hearts were removed, placed in a cardioplegic solution for < 10 min, cannulated via
the aorta, and perfused with Modified Henseliet Krebs solution at 37oC. A balloon
was inserted into the left ventricle to measure left ventricular pressure (LVP) and
electrodes were placed on the heart to measure ECGs. After equilibration, a baseline was measured followed by escalating doses of each class of drug for 20 minutes
each dose. ECG and LVP were recorded continuously and effluent was collected
from the heart at the end of each dosing period for analysis of biomarkers indicative
of injury. Energy status of the heart was assessed by measuring high energy 31phos-

phate levels using NMR spectroscopy during drug treatment. We found that by
combining multiple endpoints of analysis, the Langendorff model is a powerful
tool to predict drug-induced injury.
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PREDICTIVE ASSAYS FOR HIGH-THROUGHPUT
ASSESSMENT OF CARDIAC TOXICITY AND DRUG
SAFETY.

E. F. Cromwell1, O. Sirenko1, C. Crittenden1, B. Anson2, J. Hesley1, Y. Chen1,
C. Funes1 and D. Yamane1. 1Research, Molecular Devices, Sunnyvale, CA and
2Cellular Dynamics, Madison, WI. Sponsor: I. Rusyn.
REVERSE EXTRAPOLATION: USING PBPK MODELS
TO DETERMINE CLINICALLY RELEVANT DOSES FOR
LATENT CARDIOTOXICITY ASSESSMENT IN THE
LANGENDORFF RAT-ISOLATED HEART MODEL.

J. B. Ross, K. A. Henderson, B. R. Borders, P. S. Hong and B. M. Roche.
Battelle Memorial Institute, Columbus, OH.
Cardiac toxicity is one of the leading causes of drug failures over the past two
decades; withdrawals occurring during both development and after approval. Up to
30% of patients (children and adults) receiving chemotherapies such as
Doxorubicin experience latent cardiac toxicity up to 15 years after initial treatment.
The need to employ predictive, specific, sensitive, and cost effective safety assays
earlier in drug development and at times to retro test withdrawn drugs to determine
mechanisms of unexpected toxicities has resulted in the necessity to not only extrapolate pharmacokinetic (PK) data between preclinical species, but also from in
vivo to in vitro studies. Data generated by traditional PK models apply only to the
conditions and species from which the data was generated. This limitation has been
most apparent in risk assessment analysis of environmental and industrial toxicants
where human data is not usually available and Physiologically Based
Pharmacokinetic (PBPK) models are used for species to species extrapolation of
data from animal to human model based on physiological differences. Our goal was
to apply this technique in the pharmaceutical drug arena to determine clinically relevant doses for potential latent cardio toxicity assessment in the Langendorff Ratisolated heart model. Using Berkley Madonna™ software we developed PBPK
models, human to rat species extrapolations, to determine clinically relevant doses
associated with cardiac acute and latent toxicity for Doxorubicin, Sunitinib,
Erlotinib, and 5-fluorouracil. We also extrapolated rat in vivo dosing to rat
Langendorff concentrations, to determine relevant doses for acute cardiac injury for
Isoproteranol, Verapamil, Carbonyl cyanide 4-(trifluoromethoxy)phenylhydrazone
(FCCP), and Caffeine. The doses determined will be used to induce both acute cardiac toxicity and mimic conditions shown to cause latent toxicity in the
Langendorff preparation.
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UNDERESTIMATION OF THE IMPACT OF THE
SODIUM CHANNEL BLOCKADE IN THE EVALUATION
OF THE PROARRHYTHMIC RISK IN TRADITIONAL
S7B IN VITRO STUDIES.

S. Goineau, L. Barrais, E. Gascoin, L. Hautefeuille and G. Froget. Porsolt,
Boulogne, France.
In the current ICH S7B guideline, in vitro evaluation of proarrhythmic risk is limited to the risk of QT interval prolongation, whilst the effect of new chemical entities on cardiac conductivity is often overlooked despite its potential consequences
on cardiac rhythm. The aim of this work was to evaluate the effects of a sodium
channel blocker, lidocaine in three in vitro models: hNav1.5 channel test, rabbit
atrial action potential (AP) and rabbit Purkinje fiber AP. Whole-cell patch clamp
method was used to record the sodium current (INa) encoded by hNav1.5 in stably
transfected HEK293 cells (n=12 cells) at ambient temperature. Lidocaine (from 10
to 1000 μM) decreased the amplitude of INa in a concentration related manner (35.1±2.8% at 100 μM, IC50=256±37 μM). Transmembrane APs were recorded in
male rabbit left stimulated atria (n=6) and Purkinje fiber (n=5) at 36.5±0.5°C. In
Purkinje fiber, lidocaine (10, 30 and 100 μM) had no effects on resting membrane
potential (RMP) or maximal upstroke velocity (Vmax) over the 30-minute superfusion period, but significantly shortened AP duration at 60% (APD60, -24%, 23% and -29%, respectively at T30min, p<0.01 for each) and 90% (APD90, -19%
p<0.01, -13% p<0.01 and -1% NS, respectively at T30min) repolarization and increased AP triangulation (+11% NS, +26% p<0.01 and +64% p<0.01, respectively
at T30min). In left atria, a decrease of RMP at 100 μM (-10%, p<0.01) and a concentration-dependent decrease of Vmax (-11% NS, -11% p<0.05 and -55%
p<0.01, respectively at T30min) and conduction velocity (-1% NS, -11% p<0.01
and -45% p<0.01, at T30min) was reported with lidocaine (10, 30 and 100 μM)
but without effects on APD60 and APD90. These findings suggest that rabbit atria
are more sensitive than Purkinje fibers for detecting lidocaine-induced cardiac conduction slowing. In addition to QT studies (hERG and telemetry), isolated atria
model and hNav1.5 channel test could be proposed as complementary assays for
evaluation of proarrhythmic risk associated to sodium channel blockade.

A large percentage of new drugs fail in clinical studies due to cardiac toxicity.
Therefore development of highly predicative in vitro assays suitable for safety and
efficacy testing is extremely important for drug development. Human cardiomyocytes derived from stem cell sources can greatly accelerate the development of new
chemical entities and improve drug safety by offering more clinically relevant cellbased models than those presently available. Human induced pluripotent stem cell
(iPSC) derived cardiomyocytes are especially attractive because they express ion
channels and demonstrate spontaneous mechanical and electrical activity similar to
native cardiac cells. Once such cell type, the iCell® Cardiomyocytes, has been extensively characterized and tested for gene expression, ion channel activity, and purity and is well suited for a predictive assay. Here we demonstrate cell based assays
for measuring the impact of pharmacological compounds on the rate of beating
cardiomyocytes with different assay platforms. We developed methods for the
ImageXpress® Micro and the FLIPR® Tetra systems that enable determination of
beating rate from a series of time-lapse images. The systems employ calcium sensitive dyes to monitor changes in intensity of Ca2+ fluxes synchronous with cell beating. The calcium signal is used as a surrogate marker for action potential and the
method allows monitoring of drug impact on the beat rate, amplitude, and other
contraction parameters in 96 or 384 well formats. We have shown dose-dependent
atypical patterns caused by hERG inhibitors and other ion channel blockers.
Cardioactive compounds are used in clinical treatment of heart failure, arrhythmia
or other cardiac diseases. We have demonstrated effects of several positive (epinephrine, etc.) and negative (a and b blockers) chronotropic agents on cardiac rates and
determined IC50 values. These methods are well suited for safety testing and can be
used to estimate efficacy and dosing of drug candidates prior to clinical studies.

417

INFLUENCE OF TEMPERATURE ON SENSITIVITY OF
THE HERG CHANNEL ASSAY.

G. Froget, C. Legrand, M. Maujeul and S. Goineau. Porsolt, Boulogne, France.
The hERG channel assay is routinely used to evaluate the effects of new chemical
entities on the delayed rectifier potassium current (IKr). Although the methodology
of such assay is quite standardized, the experiments are not systematically conducted at physiological temperature.
However, some test substances can display different properties or potencies at physiological temperature versus room temperature.
The aim of this work was to evaluate the influence of the temperature on the hERG
channel blockade induced by erythromycin or terfenadine.
Whole-cell patch clamp method was used to record IKr encoded by hERG in stably
transfected HEK293 cells (n=6 to 7 cells/group). Experiments were performed at
either near-physiological (35 ± 0.5°C) or ambient (22-24°C) temperature.
At physiological temperature, erythromycin (from 30 to 900 μM) concentrationdependently decreased the amplitude of IKr (-70.3 ± 5.4% at 900 μM, IC50 =
211.11 ± 51.54 μM). In contrast, at ambient temperature, erythromycin (900 μM)
only slightly decreased the amplitude of IKr (-17.0 ± 4.0%).
Terfenadine (from 0.01 to 10 μM) similarly decreased the amplitude of IKr whatever the temperature used (IC50 = 0.27 ± 0.02 μM at ambient temperature versus
0.17 ± 0.05 μM at physiological temperature, NS).
These findings suggest that the hERG Channel blockade induced by erythromycin
was greater at physiological temperature than at room temperature. Therefore, the
highest sensitivity of the model at 35°C should allow detecting proarrhythmic risk
of a substance at lower concentrations. Although all substances are not temperature-sensitive, the use of physiological temperature in the hERG Channel Test
should be recommended for screening or safety pharmacology studies.
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HUMAN AND RAT RESPONSES TO DRUG-INDUCED
CARDIAC INJURY USING A HEART SLICE MODEL.

J. Herrmann1, J. T. Heale1, R. L. Fisher2 and A. Vickers1. 1Drug Safety
Evaluation, Allergan, Inc., Irvine, CA and 2Vitron, Inc., Tucson, AZ.
A novel heart slice model was used to compare the responses of human and rat to
the following cardiotoxic drugs: isoproterenol, a β-adrenergic agonist known to induce cardiac ischemia and hypertrophy, and etomoxir, an inhibitor of mitochondrial long-chain fatty acid oxidation that can cause cardiac hypertrophy. Gene and
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protein expression patterns were analyzed to compare activated pathways in the two
species. Heart slices (~200 μm thickness) from human donors or adult male
Sprague-Dawley rats were cultured for 24 hr with isoproterenol (0-1000 μM) or
etomoxir (0-500 μM). Both drugs effected human and rat slice energy (ATP) levels,
which were measured as an indicator of tissue viability. Human heart slices treated
with isoproterenol or etomoxir caused changes in gene expression associated with
cardiac hypertrophy (Egr1, Reg3G), mitochondrial function (Idh2-3, SdhA), and
stress response (HspA), as well as inflammatory (IL-6) and remodeling (TIMP 2, 4) protein biomarkers. Rat heart slices showed changes in genes related to stress response (HspA1) and cardiac hypertrophy (Reg3b). Additionally, etomoxir altered
gene expression of the fatty acid oxidation pathway (Acot, Acox) in human and rat,
consistent with its mechanism of action. In summary, heart slices responded to the
known cardiotoxic agents isoproterenol and etomoxir. The mechanism of toxicity
of these drugs can be examined using gene and protein expression in combination
with pathway analysis. This model will be useful to provide insight into the effects
of drugs with unknown mechanisms of toxicity.

419

MULTIPLEX BIOMARKER APPROACH FOR
DETERMINING DRUG-INDUCED VASCULAR INJURY
(DIVI) IN RAT.

L. Goretzki, J. Mistry and W. Zheng. R&D, Immunoassay, EMD Millipore, San
Diego, CA. Sponsor: P. Hewitt.
Vascular injury is a common finding during the pre-clinical safety study of drugs. A
lack of understanding of mechanisms of drug-induced vascular injury (DIVI) in
animals, the absence of accepted specific and sensitive biomarkers have become significant barriers in the development of new therapeutics. A number of promising
biomarker candidates have been nominated with the need for further validation
and evaluation. However, the lack of qualified high-throughput assays has imposed
a hurdle to the progress in this area.
Based on Luminex® xMAP® technology, we developed multiplexed immunoassays for a panel of nine DIVI biomarker candidates in rat. The biomarker candidates included Alpha-2 Macroglobulin, Alpha-1 Acid Glycoprotein, Caveolin-1,
CINC-1/GRO, Connective Tissue Growth Factor, Haptoglobin, Tissue Inhibitor
of Metalloproteinase-1, Vascular Cell Adhesion Molecule 1, and Von Willebrand
Factor.
To establish the sensitivity and specificity of the rat DIVI biomarker multiplex
assay, serum and plasma samples from fenoldopam mesylate (FM) induced rat
DIVI models were analyzed with the assay and the levels of the nine biomarker candidates were quantified simultaneously. To induce vascular injury, rats were treated
with the vasodilator compound fenoldopam mesylate (FM). FM was administered
by continuous intravenous infusion with a dose of 6 mg/kg/h over 24h.
Subsequently to the infusion, three rats were sacrificed and serum and plasma was
collected at day 1, 3, and 7 each. Sterile 0.9% saline was used in the vehicle control
cohorts. Separately, a group of animals were IP-injected with FM. Serum and
plasma samples were collected 6 hour, 24 hour and 5 days post-injection.
Significant blood level elevations of several candidate biomarkers were observed in
the fenoldopam-treated animals compared to the vehicle-control cohorts. The degree of biomarker elevation in blood correlated to the dose and time of FM treatment. Overall, these results demonstrate the feasibility of using the multiplex biomarker approach to determine the onset and severity of DIVI in pre-clinical drug
safety studies.

express relevant cardiac markers such as ion channels (SCN5A, KCNJ2, KCNQ1
and KCNH2), cardiac tissue markers(MYH6, MYLPF, MYBPC3, DES, TNNT2
and TNNI3), cardiac transcription factors (NKX2.5, GATA4 and GATA6) and
lacked the expression of stem cell markers(FOXD3, GBX2, NANOG, POU5F1,
SOX2, and ZFP42). We then selected ten in vivo structural cardiotoxicants which
were not flagged by our current in vitro assays and generated gene expression data
in response to these compounds in both iCell CM and rat heart derived cell line
H9C2. To further evaluate the data, we used our internal Casual Reasoning
Engine(CRE) platform, which analyzes experimental gene expression data, in the
context of prior biological knowledge to generate testable upstream molecular hypotheses. Based on our initial analyses across all compounds, iCell CM exhibited
increases in structural cardiotoxicity injury signals, inflammation signals and TGF
beta signaling pathways whereas H9C2 cells exhibited increase in muscle injury signals, decreases in both TGF beta and inflammation signals. In conclusion, iCell
CM appear to represent a better in vitro cardiomyocyte model for understanding
cardiotoxicity mechanisms and further validation will be performed to confirm
these findings.
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D. A. Dalmas1, 2, M. S. Scicchitano2 and D. W. Morel1. 1Department of
Pharmaceutical Sciences, University of the Sciences in Philadelphia, Philadelphia, PA
and 2Safety Assessment, GlaxoSmithKline, King of Prussia, PA.
In previous studies, a potent, orally-active, non-peptide vitronectin (αvβ3, αvβ5)
receptor antagonist (SB-273005) induced unique vascular lesions in mice, but not
other species pharmacologically responsive to SB-273005 or other antagonists.
Vascular smooth muscle cell (VSMC) necrosis was observed in the aorta of mice approximately 6 hours after dosing, followed by VSMC loss with adaptive VSMC hypertrophy but no endothelial damage. The lesions were non-progressive, as aortic
changes were similar in mice treated for 4 days or 3 months, and were irreversible
with no evidence of regeneration observed after drug-withdrawal. Since drug-induced direct chemical vascular toxicity is uncommon, especially in mice, involvement of VSMC–endothelial cell (EC) interactions in development of the toxicity
was hypothesized. To explore this possibility, in vitro model systems of strain-specific primary murine aortic VSMC and EC were established and utilized to investigate the potential mechanism of cellular toxicity using both monocultures and
VSMC/EC cocultures. Incubation of monocultures and cocultures with SB273005 within a dose range and timeframe comparable to the in vivo studies
showed a concentration-dependent decrease in viability, with subsequent increases
in cytotoxicity, for both VSMC and EC monocultures and VSMC/EC co-cultures;
however, VSMC monocultures responded at lower doses (were most sensitive), suggesting a direct effect on VSMC. EC are less susceptible than VSMC to the toxic
action of SB-273005, and do not markedly affect VSMC toxicity. Further studies
using VSMC monocultures revealed increases in Caspase 3 & 7 activity as early as
1 hr following treatment with SB-273005. These data suggest VSMC apoptosis is
the primary mechanism of toxicity responsible for the murine-specific vascular lesions.

422
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CHARACTERIZATION AND UTILIZATION OF
INDUCED PLURIPOTENT STEM CELL-DERIVED
CARDIOMYOCYTES IN IDENTIFYING NOVEL
MECHANISMS OF CARDIOTOXICITY.

D. Puppala1, V. Bonato1, Y. Will1, B. Anson2, M. Pletcher1 and S. Engle1.
1PGRD, Pfizer, Inc., Groton, CT and 2Cellular Dynamics International, Madison,
WI.
Cardiotoxicity is one of the leading causes of early and late stage drug attrition
which has significant impact on patients welfare and in particular for cancer patients. Current in vitro models insufficiently predict cardiotoxicity and there is a
definite need for alternate physiologically relevant in vitro models. Induced
pluripotent stem cells offer the promise for development of tissue specific in vitro
models. In here, we describe the use of induced pluripotent stem cell-derived cardiomyocytes (iCell CM) in identifying novel molecular mechanisms of cardiotoxicity. Towards this end, we characterized iCell CM using gene expression analyses
over a 42 day period post thaw in culture. Based on our initial analyses iCell CM
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MURINE-SPECIFIC VASCULAR TOXICITY OF A
VITRONECTIN RECEPTOR ANTAGONIST:
MECHANISTIC STUDIES.

COENZYME Q10 RESCUES ENDOTHELIAL CELLS
FROM NRTI-INDUCED MITOCHONDRIAL DAMAGE
AND MITOPHAGY.

V. Y. Hebert, S. Xue and T. Dugas. Pharmacology, Toxicology, and Neuroscience,
Louisiana State University Health Sciences Center in Shreveport, Shreveport, LA.
Long-term use of nucleoside reverse transcriptase inhibitors (NRTI) is known to induce mitochondrial damage in endothelial cells, culminating in endothelial dysfunction, an initiating event in the pathogenesis of atherosclerosis. Though the
mechanism of NRTI-induced effects on endothelial cells is not well understood,
prior work suggests that a mitochondrially-compartmentalized oxidative stress may
be involved. We thus investigated the potential of adjunct utilization of the antioxidant coenzyme Q10 (CoQ10) to combat NRTI-induced endothelial toxicity and
further characterized the mechanism of acute NRTI toxicity in endothelial cells.
Co-treatment of human umbilical vein endothelial cells (HUVEC) with CoQ10
was found to rescue cells from increases in ROS levels and decreases in ATP production and oxygen consumption induced by NRTI treatment alone. In addition,
we found that NRTI increased levels of endothelin-1, a marker for endothelial cell
activation, but this effect was also reversed by CoQ10 co-treatment. Finally, treatment of HUVEC with the NRTI zidovudine (AZT) induced selective mitochondr-

ial autophagy, or mitophagy. AZT treatment for 6-8 hr increased lysosomal activity,
while 8 hr treatment was found to increase colocalization of mitochondria with
lysosomes, an indicator of mitophagy. The LC3-II/LC3-I ratio, a marker of autophagosomal activity, was also increased in treated cells. These findings suggest
that NRTI-induced autophagic degradation of mitochondria may be involved in
NRTI-induced endothelial dysfunction, and that this damage likely results from
oxidant injury. NHLBI R01 HL082472.
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TEMPOL AND TEMPOL-H PROTECT
CARDIOMYOCYTES FROM NUCLEOSIDE REVERSE
TRANSCRIPTASE INHIBITOR (NRTI)-INDUCED
MITOCHONDRIAL TOXICITY.

Y. Liu1, P. Nguyen1, A. Gibbons1, J. B. Mitchell2 and M. C. Poirier1.
1Carcinogen-DNA Interactions Section, National Cancer Institute, Bethesda, MD and
2Tumor Biology Section, RBB, National Cancer Institute, Bethesda, MD.
NRTIs are essential components of the successful antiretroviral combination therapies used for treatment of HIV-1. However, during long-term therapy NRTIs may
damage heart mitochondria, thus limiting clinical use of these drugs. Consequently,
reducing NRTI-induced mitochondrial toxicity may benefit HIV-1-infected patients. Using H9c2 rat cardiomyocyte cultures exposed long-term to Zidovudine
(AZT) or AZT plus Didanosine (ddI) we demonstrated NRTI-induced mitochondrial compromise. In an attempt to protect mitochondria from this damage we
have used the stable free radical Tempol and its metabolite Tempol-H, cyclic nitroxides with antioxidant properties. H9c2 cells were exposed to 50 μM AZT plus
50 μM ddI for 15 passages (P15) in the presence and absence of 150 μM Tempol or
150 μM Tempol-H. The AZT/ddI combination caused moderate growth inhibition (< 30 %), and co-exposure with Tempol or Tempol–H did not restore cell survival. Mitochondrial oxygen consumption rate (OCR) and extracellular acidification rate (ECAR) were measured using the Seahorse XF24 analyzer. As seen
previously, AZT/ddI reduced maximal FCCP-uncoupled OCR. However co-exposure with Tempol and Tempol-H stimulated OCR, restoring the AZT/ddI-reduced
uncoupled OCR by 22-91 %. Similarly, the uncoupled ECAR levels were increased
by 15-46 % with Tempol or Tempol-H. Preliminary Western blot findings showed
that Tempol and Tempol-H enhanced the expression of uncoupling protein-2
(UCP-2). Therefore Tempol and Tempol-H may protect cardiomyocytes from mitochondrial compromise induced by the NRTI combination AZT/ddI, and UCP2 may play a role through mild uncoupling. We are currently evaluating potential
mechanisms by which these compounds may act as mitochondrial protective
agents.
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OVEREXPRESSION OF CAVEOLIN-1 PROMOTES
ATHEROSCLEROSIS THROUGH INCREASED
VASCULAR CELL ADHESION MOLECULE-1
EXPRESSION IN PRIMARY VASCULAR ENDOTHELIAL
CELLS.

M. C. Petriello1 and B. Hennig2, 1. 1Toxicology, University of Kentucky, Lexington,
KY and 2Nutritional Sciences, University of Kentucky, Lexington, KY.
Persistent organic pollutants, such as polychlorinated biphenyls (PCBs), are wellknown to cause toxicity in various cell types, including endothelial cells.
Particularly detrimental, coplanar PCBs including PCB 77 and PCB 126 can activate the aryl hydrocarbon receptor (AhR) and subsequently induce oxidative stress
and NF-κB activation. Increasing evidence has shown that lipid raft membrane microdomains, caveolae, may play an important role in the toxicity of coplanar PCBs.
Caveolae are abundant in vascular endothelial cells and the cardiovascular system in
general, which points to a possible major role for caveolae in inflammation and atherosclerosis. Our lab has reported previously that coplanar PCBs promote the upregulation of genes related to the activation of endothelial cells and the initial stages
of atherosclerosis. In this work we show evidence that the integral caveolae protein,
caveolin-1 (Cav-1), may play an important role in PCB-induced activation of endothelial cells. In an effort to examine the impact of Cav-1 on the initiation of atherosclerosis, a Cav-1 gene overexpression vector was created and transfected into
primary vascular endothelial cells. Vascular cell adhesion molecule-1 (VCAM-1)
and Cav-1 protein levels were assessed using Western blot. The inducible vector system successfully promoted overexpression of Cav-1 in a positive dose dependent
manner. It was determined that doubling the expression level of Cav-1 resulted in
nearly a 3-fold increase in VCAM-1 protein expression. These results were consistent for both porcine and human endothelial cell lines. Increasing Cav-1 levels may
alter cellular trafficking and or cellular signaling and subsequently promote the

early stages of atherosclerosis. This work adds to the growing evidence that Cav-1
or functional caveolae may play an important role in endothelial cell activation and
cellular dysfunction.
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TYROSINE KINASE INHIBITOR SUNITINIB, INDUCED
CARDIAC HYPERTROPHIC GENES THROUGH
MITOGEN-ACTIVATED PROTEIN KINASESDEPENDENT PATHWAY IN H9C2 CELLS.

H. A. Al-Suwayeh, S. A. Al-Bakheet and H. M. Korashy. Department of
Pharmacology & Toxicology, College of Pharmacy, King Saud University, Riyadh,
Saudi Arabia. Sponsor: A. El-Kadi.
Sunitinib (SUN) is a recently FDA-approved anticancer tyrosine kinase inhibitor
for the treatment of renal cell carcinoma and gastrointestinal stromal tumors.
Although SUN has improved survival rates in cancer patients, cardiotoxicity has
been reported as a significant side effect. Several mechanisms have been proposed
by which SUN causes cardiotoxicity. Yet, the potential effects of SUN on cardiac
hypertrophic genes and the role of mitogen-activated protein kinases (MAPKs), including p38, ERK and JNK, signaling pathway have never been studied.
Accordingly, we hypothesized that SUN induces cardiotoxicity by altering the expression cardiac hypertrophic genes through MAPK-dependent mechanism. To test
our hypotheis, rat cardiomyocyte H9c2 cells were utilized as an in vitro model to a)
determine the potential effect of SUN on the expression of cardiac hypertrophic
genes, particularly α-MHC, β-MHC and BNP, at the mRNA and protein levels
and b) explore the molecular roles of MAPKs’ signaling pathways in SUN-induced
cardiotoxicity using specific pharmacological inhibitors. At the mRNA levels, our
results showed that SUN induced the mRNA expression of all the three hypertrophic genes in dose- and time-dependent manners. The mRNAs of hypertrophic
genes were detectable as early as 6 h and remained elevated for at least 18 h after
SUN treatment. Interestingly, pretreatment of H9c2 cells with p38 MAPK inhibitor, SB203580, significantly restored SUN-mediated effect, whereas neither inhibitors of ERK nor JNK inhibitors altered the mRNA expression. A the protein
level, the induction of hypertrophyic protein levels by SUN were gradually decreased by all MAPK inhibitors. In conclusion, our study clearly demonstrated that
SUN induced hypertrophic gens at the mRNA and protein expression levels
through MAPK-dependent signaling pathways.
Acknowledgments: King Abdulaziz City for Science and Technology (KACST) and
the Research Centre, College of Pharmacy, King Saud University.
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SUNITINIB, TYROSINE KINASE INHIBITOR, INDUCES
CYTOCHROME P450 1A1 GENE EXPRESSION IN RAT
CARDIOMYOCYTE H9C2 CELLS: A POSSIBLE
MECHANISM OF CARDIOTOXICITY.

Z. H. Maayah and H. M. Korashy. Pharmacology & Toxicology, College of
Pharmacy, King Saud University, Riyadh, Riyadh, Saudi Arabia. Sponsor: A. ElKadi.
Sunitinib (SUN) is a new multitargeted oral tyrosine kinase inhibitor that has both
antiangiogenic and antitumor activity. Although sunitinib has improved survival
rates in cancer patients, cardiotoxicity has been reported as a significant side effect.
In this regards, several studies have demonstrated a direct correlation between the
cytochrome P450 1A1 (CYP1A1) induction and cardiotoxicity. Taken together, the
possibility that SUN induced cardiotoxicity through the induction of CYP1A1
have never been investigated yet. Therefore, we hypothesized that SUN induced
cardiac hypertrophic genes through the induction of CYP1A1 gene expression. To
test our hypothesis, we examined the capacity of SUN to induce the constitutive
CYP1A1 gene expression and its correlation with two hypertrophic genes, atrial natriuretic peptide (ANP) and cardiotrophin-1 (CT-1) mRNA levels in H9c2 cells.
Our results showed that SUN induced CYP1A1 mRNA, protein, and activity levels in a concentration- and time-dependent manner in H9c2 cells. This induction
was associated with proportional increase in the mRNA expression of hypertrophic
ANP and CT-1 genes, suggesting a direct involvement of CYP1A1 in SUN-induced cardiotoxicity. Furthermore, the inability of SUN to bind to and active AhR
translocation, not only suggests an aryl hydrocarbon receptor (AhR)-independent
mechanism is involved, but also suggest that SUN is not an AhR ligand. On the
other hand, Transfecting H9c2 cells with siRNA against CYP1A1, significantly restored SUN-induced ANP and CT-1 mRNA levels, implying the direct role of
CYP1A1 in the induction of hypertrophic genes in response to SUN. In conclusion, this is the first demonstration that the SUN induces hypertrophic genes
through the induction of CYP1A1 gene expression in H9c2 cells via an AhR-independent mechanism.
Acknowledgments: The Research Centre, College of Pharmacy, King Saud
University.
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EFFECT OF ARSENIC AND ARSENIC METABOLITES
ON LTCC AND BKCA CHANNEL EXPRESSION AND
ACTIVITIES IN VASCULAR SMOOTH MUSCLE.

K. McPherson, R. Khalili, C. Pace and J. E. Angermann. School of Community
Health Sciences, University of Nevada, Reno, Reno, NV. Sponsor: F. Matsumura.
Rationale: Arsenic (As) contamination of groundwater is common throughout the
world, and chronic ingestion of well water contaminated with inorganic As can
produce toxic effects including blackfoot disease, various cancers, hyperpigmentation, and hyperkeratosis. Chronic As ingestion has also been epidemiologically associated with development of atherosclerosis and hypertension, yet cellular mechanisms by which both inorganic As and methylated As metabolites exert these toxic
effects are not well elucidated. Scope: Both inorganic arsenite (‘iAs’) and the human
metabolite monomethylarsonous acid (‘MMAs’) are believed to affect the activity
of the voltage-gated or ‘L-type’ calcium ion channel (‘LTCC’), which is the most
thoroughly characterized Ca2+ channel governing extracellular Ca2+ entry and a key
facilitator of the development and maintenance of vascular smooth muscle (‘VSM’)
tone. Intracellular Ca2+ can regulate the activity of other classes of ion channels, including the large conductance Ca2+-activated potassium ion channel (‘BKCa’), a
known modulator of cellular depolarization that has been recently implicated in the
development of hypertension and restenosis disease. Experimental Procedures: The
present study examined the effects of iAs and MMAs on expression and activities of
LTCC and BKCa channels in acutely isolated and primary / tissue cultured rat thoracic aorta, as well as the experimental A7r5 rat thoracic aorta smooth muscle cell
(‘SMC’) line using whole-cell patch clamp, vascular contractility, real-time RTQPCR, and fluorescence microscopy approaches. Data: Initial results indicate significant alterations in SMC morphology, viability, and responsiveness to phenylephrine-induced vasoconstriction upon acute and subchronic exposure to both iAs
and MMAs. LTCC activity is also altered following iAs exposure. Conclusions:<
Exposure of VSM and SMCs to relevant concentrations of both iAs and MMAs affects tissue contractility, cell viability, and the activities of key ion channels governing the maintenance of VSM tone.
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SDF-1β PROTECTS PALMITATE-INDUCED FIBROTIC
RESPONSE IN CARDIAC CELLS VIA ACTIVATION OF
AMPK AND P38 MAPK-MEDIATED IL-6 EXCRETION.

Y. Zhao1, 2, L. Dong1, J. Dai2, C. Liu1, Y. Tan2, L. Cai2, 1 and W. Li1. 1Cancer
Center, First Bethune Hospital of Jilin University, Changchun, Jilin Province, China
and 2KCHRI at the Department of Pediatrics, University of Louisville, Louisville, KY.
Elevated saturated free fatty acids including palmitate often occur in the patients
with obesity and diabetes, and are also primary trigger for cardiac remodeling and
dysfunction. Stromal cell-derived factor-1beta (SDF-1β) was cardiac protective,
but whether it also protects the heart from palmitate-induced fibrosis remains unknown. Using H9c2 cardiac cell line, we studied the possible protection of SDF-1β
from palmitate-induced fibrotic response. Exposure of H9c2 cells to palmitate at
62.5 nM for 15 h caused a significant fibrotic effect, shown by up-regulation of
connective tissue growth factor (CTGF) and tissue growth factor beta (TGF-β).
Pretreatment with SDF-1β significantly prohibited palmitate-induced fibrosis
along with significant increases in AMPK and p38 MAPK-mediated IL-6 production. AMPK activator significantly prevents palmitate-induced cardiac fibrosis
while both AMPK and p38 MAPK inhibitors prohibited SDF-1β’s protective effects. Direct addition of recombinant human IL-6 to cell cultures prevented palmitate-induced fibrosis whereas IL-6 siRNA abolished the protective effect of SDF1β. These results suggest that SDF-1β prevents palmitate -induced cardiac fibrosis
via activating AMPK and p38 MAPK-mediated IL-6 excretion. This important
finding opens a new road for the research of SDF-1β’s cardiac protection that is irrelevant with its well-known function of stem cell mobilization.
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IN VITRO CHARACTERIZATION OF DRUG-INDUCED
CARDIOTOXICITY.

Z. Lin and Y. Will. Compound Safety Prediction, Pfizer Global Research &
Development, Groton, CT.
Cardiotoxicity is among the major causes of drug attrition, market drug withdrawal
and restriction of drug use in patients. Early identification of mechanisms leading
to cardiotoxicity utilizing in vitro models could greatly improve the development of
safe and effective medicines. Drug induced cardiotoxicity can manifest itself
through a variety of mechanisms including mitochondrial toxicity, apoptosis, oxidative stress and ion channel disturbance. Cardiac hypertrophy, however, is the
most common safety finding. Here, we established an in vitro platform, reliably
characterizing hypertrophic compounds. The compound set utilized consisted of
40 hypertrophy compounds and 20 non-toxic drugs. Compounds were character-
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ized in H9c2 cell (embryonic myocardium) assessing the following endpoints: 1)
cell size assessment, 2) reactive oxidative species 3) protein synthesis 3) fetal gene
expression 4) hypertrophy major pathways analysis and 5) cell viability assessment.
Our data indicate that cell size and oxidative stress alone, although they are the
most common feature of cardiac hypertrophy, did not exhibit a good correlation
with between in vivo and in vitro hypertrophy. For example, epinephrine, amitryptiline, isopreterenol, loratide, and 5-fluorocytosine which were well known for their
effect of cardiac hypertrophy in vivo did not show an increase in cell size in vitro. In
addition, compounds such as lovastatin, pimozide, propanolol and simvastatin
which are not known to cause hypertrophy in vivo, showed an increase in H9C2
cell size. This implies that using one or two features of cardiac hypertrophy cannot
accurately predict hypertrophic compounds. In contrast, when several cardiac hypertrophy features were taken into account such as fetal genes expression of B-type
natriuretic peptide (BNP) and atrial natriuretic peptide (ANP), cell protein synthesis, cell size, and oxidative stress, the predictivity of cardiac hypertrophic compounds were significantly improved.
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INVOLVEMENT OF THE ARYL HYDROCARBON
RECEPTOR IN CARDIOGENESIS AND
ENVIRONMENTAL CARDIOTOXICITY.

C. Ko and A. Puga. Environmental Health, University of Cincinnati, Cincinnati,
OH.
Congenital cardiovascular malformations frequently lead to neonatal mortality and
adult cardiac insufficiency. Genetic changes are commonly believed to be the cause
of these diseases, but there is increasing evidence implicating environmental factors.
Several lines of evidence suggest that the aryl hydrocarbon receptor (AHR) plays an
essential role in cardiogenesis. Importantly, both Ahr knockout mice and mice exposed to the AHR ligand dioxin (TCDD, 2,3,7,8-tetrachlorodibenzo-p-dioxin) develop cardiac hypertrophy. To develop a mechanistic understanding of the role of
the AHR in cardiac disease we have followed the in vitro differentiation of C57Bl/6
mouse embryonic stem cells after treatment with TCDD, an AHR agonist, and
with TMF (6,2’,4’-trimethoxyflavone), an AHR antagonist, respectively. The effect
of treatment on cardiomyocyte differentiation was measured by counting spontaneous beating colonies and analyzing gene expression by real-time PCR. RESULTS: Expression of AHR is low in the ESC and is upregulated after embryoid
body (EB) formation and initiation of differentiation, with mRNA and protein levels reaching maximal levels on day 9 post-EB formation. AHR activity, as determined from the induction of Cyp1a1 expression after TCDD exposure, is also maximal at this time. Continuous treatment with 1nM TCDD or 10uM TMF leads to
suppression of cardiomyocyte differentiation, as determined from the decrease of
spontaneously beating colonies. TCDD treatment leads to over-expression of the
homeobox gene Shox2, a critical regulator of cardiomyocyte differentiation,
whereas TMF treatment results in Shox2 repression. CONCLUSIONS: Heart development may be a sensitive target of AHR receptor ligands in the environment
suggesting that the activity of the AHR may be necessary for cardiogenesis.
Alteration of cardiogenesis caused by deregulated activity of AHR might result
from perturbations in the regulation of critical homeobox genes. Supported by
NIH Grant ES006273.
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GLOBAL HEALTH AND ENVIRONMENTAL IMPACTS
OF E-WASTE RECYCLING.

E. Dahl1, S. Areola4, M. Petreas2, B. Fowler5 and A. Chen3. 1Exponent,
Alexandria, VA, 2California Department of Toxic Substances Control, Berkeley, CA,
3University of Cincinnati College of Medicine, Cincinnati, OH, 4Nashville Metro
Public Health Department, Nashville, TN and 5ICF International, Fairfax, VA.
Communicating electronically is considered inherently green because it reduces
paper waste and its associated transit. Rapid innovation has produced a constantly
growing inventory of outdated electronic equipment that is eventually disposed of
as electronic waste, or e-waste. Concerns about contamination from e-waste have
led to bans from local landfills and the development of a new e-waste recycling industry to reclaim valuable metals and ideally manage the release of hazardous materials. The current production of e-waste overwhelms local recycling sites and ewaste is sometimes exported along with donations of usable electronics to
developing countries, where workers often lack the technology and training to dispose safely of e-waste. Informal recycling releases heavy metals and persistent organic pollutants into the soil, water, and air. Global efforts to reduce damage caused
by e-waste include the Basel Treaty, which aims to reduce exports of e-waste to developing countries. Efforts to quantify the hazardous components of e-waste are
underway in California, where high levels of brominated flame retardants have
been found in residents and wildlife. Although the toxicology of many e-waste
components is well characterized, some newer materials, such as gallium and indium arsenides found in newer semiconductors, are less well understood. Their in-

corporation into nanomaterials may increase bioavailability in unanticipated ways.
Developing children and fetuses may be particularly vulnerable to toxins found in
e-waste, and early epidemiological studies near informal e-waste recycling sites indicate potential developmental neurotoxicity. Understanding the hazards of ewaste, the impacts of its disposal, and the dangers of informal or careless recycling
will help reduce or prevent disease outcomes associated with exposure to e-waste
components.
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NIEHS CENTERS FOR NANOTECHNOLOGY HEALTH
IMPLICATIONS RESEARCH: BUILDING THE
SCIENTIFIC FOUNDATION FOR EVALUATING PUBLIC
HEALTH IMPACTS OF ENGINEERED
NANOMATERIALS.

J. G. Teeguarden6, M. Philbert5, S. S. Nadadur1, G. Collman1, A. Nel2, T. J.
Kavanagh3 and T. R. Fennell4. 1Extramural Research & Training, NIEHS, Research
Triangle Park, NC, 2Medicine, University of California Los Angeles, Los Angeles, CA,
3Environmental Occupational Health Sciences, University of Washington, Seattle, WA,
4Pharmacokinetics, RTI International, Research Triangle Park, NC, 5Environmental
Health Sciences, University of Michigan, Ann Arbor, MI and 6Biological Modeling &
Monitoring, Pacific North West National Laboratory, Richland, WA.
The NIEHS established the NIEHS Centers for Nanotechnology Health
Implications Research (NCNHIR) consortium to gain a comprehensive understanding of how physical and chemical characteristics of engineered nanomaterials
(ENMs) influence their molecular interactions with biological matrices and elicit
biological responses. This consortium includes eight centers funded in 2010
through a multi-project cooperative agreement (U19) and research grant (UO1)
mechanisms, along with additional investigators supported by Nano-EHS research
program at NIEHS. Together, the consortium and individual investigators are exploring a library of engineered nanomaterials selected by NCNHIR with an overarching research focus that integrates physical and chemical characteristics of ENMs
with biological effects. The research projects at these centers are investigating how
the physical and chemical characteristics of ENMs dictate biological interactions at
the molecular and cellular level. This knowledge can be translated to predict biological responses in vivo such as absorption, distribution, metabolism, and elimination (ADME) as well as physiological and pathobiological events in target and secondary organs, using appropriate routes of exposure and dose metrics. This
information can be used to develop and apply predictive models in hazard characterization and assessment due to accidental or incidental exposure to ENMs. This
session will highlight some of the recent findings and efforts of the consortium and
provide scientific leads for a better understanding of the potential adverse health effects associated with ENM exposure.
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PHYSIOLOGICALLY-BASED PHARMACOKINETIC
MODEL FOR MICE, RATS, AND HUMANS ORALLYEXPOSED TO CHROMIUM.

C. R. Kirman1, S. M. Hays1, L. L. Aylward1, M. Suh2 and D. Proctor2. 1Summit
Toxicology LLP, Orange, OH and 2ToxStrategies, Rancho Santa Margarita, CA.
A multi-compartment physiologically based pharmacokinetic (PBPK) model was
developed to describe the behavior of Cr(III) and Cr(VI) in mice, rats, and humans. Tissue compartments were included for gastrointestinal lumen, oral cavity,
stomach, small intestines (duodenum, jejunum, ileum), blood, liver, kidney, bone,
and a combined compartment for remaining tissues. Data from ex vivo reduction
studies were used to characterize reduction of Cr(VI) in fed rodent gastric fluid as a
second-order process. Ex vivo data for human stomach fluid were used to characterize reduction of Cr(VI) in humans as a pH-dependent process under fed and fasted
conditions. Tissue time course data for total Cr were collected from rats and mice
exposed to Cr(VI) in drinking water for 90 days at six concentrations ranging from
0.1 to 180 mg Cr(VI)/L. These data were used to supplement the tissue time course
data collected by NTP for Cr(III) and Cr(VI). Clear species differences are identified for Cr delivery to the target tissue (small intestines), with higher concentrations
achieved in mice, consistent with tumor formation upon chronic exposures, than
rats, in which tumors were not observed. Plasma:RBC Cr ratios suggest that Cr(VI)
entered portal circulation at 60 and 180 mg/L in rodents. Species differences were
identified for distribution of Cr to the liver and kidney, with liver:kidney ratios
higher in mice than in rats. Overall, the PBPK model provides a reasonable fit to
the available data. Simulations in humans were conducted to evaluate diurnal variation in gastric pH, as a function of meal consumption, and its impact of Cr(VI) reduction. Additional simulations were conducted to address potentially sensitive
subpopulations, including fasted individuals, individuals on proton pump inhibitor
medication, and children. The predictions of internal dose using the PBPK model
support dose-response assessments for cancer and noncancer endpoints and allow
for interspecies extrapolations to humans at environmentally relevant exposure concentrations.
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GASTRIC REDUCTION OF CR(VI) IN MICE, RATS AND
HUMANS.

S. M. Hays1, C. Kirman1, L. Aylward1, M. Suh2 and D. Proctor2. 1Summit
Toxicology, Lyons, CO and 2ToxStrategies, Rancho Santa Margarita, CA.
The gastric reduction of Cr(VI) is a critical step in the proposed mode of action for
the small intestinal tumors in mice. To investigate the kinetic mechanisms of gastric
reduction of Cr(VI), stomach fluid was obtained from fed mice and rats and from
fasted and fed human volunteers, including patients on proton pump inhibitors
(PPIs). Studies were conducted to ascertain the kinetics (rates and capacity) of the
various gastric fluids to reduce Cr(VI). The pH dependence of the various kinetic
factors was also investigated. The reduction of Cr(VI) in fed mouse and rat gastric
fluid followed second-order kinetics, with dependence upon both the Cr(VI) concentration and the concentration of reducing agents. Approximately 16 mg equivalents of reducing agent per liter of fed stomach fluid (which contains gastric secretions, water and food) was found for both the mouse and rat. The second-order rate
constant (k) was 0.005 and 0.003 min-1 for rat and mouse, respectively. Species
differences in gastric fluid production rates and water intakes indicated a higher
Cr(VI) load per L stomach fluid in mice compared to rats for a given Cr(VI) drinking water concentration. The amount of Cr(VI) emptying from the stomach into
the duodenum was modeled in the stomach by accounting for competing rates of
Cr(VI) loading via drinking water, emptying, reduction, and absorption. At doses
that induce small intestinal tumors in mice, significant Cr(VI) emptying into the
small intestine is predicted. Rate of reduction is faster in human gastric fluid at
lower pH. The second-order rate constant for Cr(VI) reduction is higher in humans
(0.4 – 0.1 min-1 at pH 1-4, respectively) than rodents. Reduction capacity and rate
are lower in humans taking PPIs compared to those not on PPIs. These data can be
used in a PBPK model to support a risk assessment for humans exposed to Cr(VI).
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PHYSIOLOGICALLY-BASED PHARMACOKINETIC
MODELING OF POLYETHYLENE GLYCOL-COATED
POLYACRYLAMIDE NANOPARTICLE IN RATS.

D. Li1, C. Emond2, 3, G. Johanson4 and O. Jolliet1. 1Environmental Health
Science, University of Michigan, Ann Arbor, MI, 2Environmental and Occupational
Health, University of Montreal, Montreal, QC, Canada, 3BioSimulation Consulting
Inc., Newark, DE and 4Institute of Environmental Medicine, Karolinska Institutet,
Stockholm, Sweden.
Though the use of engineered nanoparticles (NPs) has increased exponentially,
studies of potential health hazards remain limited. In particular, little attention has
been given to NP bioavailability and biodistribution. The aim of this study is to develop a physiologically-based pharmacokinetic (PBPK) model to explore the biodistribution of i.v. injected polyethylene glycol-coated polyacrylamide (PAA-peg) NPs
in rats in order to advance the understanding of NP behavior in the body. The
model consists of 8 tissue compartments (blood, liver, kidney, lungs, heart, brain,
immune organs and carcass) interconnected via the systemic circulation. Each compartment is described as sub-compartment of macrophages (MPs) which may
phagocytize NPs in a saturable process. All MPs are assumed to behave in the same
way, only the number of MPs might differ between organs. The maximum capacity
of phagocytosis and the number of MPs per organ were adjusted by visual optimization to experimentally observed data collected on 30nm PAA-peg NP (Wenger
et al., 2011). The predicted time courses of NP and tissue distribution agree well
with experimental data. According to the model, the NPs were quickly captured by
the MPs, whereafter the tissue levels stayed relatively constant. The MPs thus serve
as the major reservoir of NPs in organs (storing 74% of the i.v. dose after 120 hr).
The fitted MP parameters – number per tissue and maximum capacity – are consistent with what is known about MP behavior. To our knowledge, this is the first
PBPK model that captures NP biodistribution with this degree of detail. Our
model may easily be extended to other NPs or extrapolated to other species including human.
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ASSESSING THE RELATIVE POTENCY OF REACTIVE
ALDEHYDES IN CIGARETTE SMOKE USING
TRANSIENT CFD/PBPK MODELS OF THE
RESPIRATORY SYSTEM.

R. A. Corley, S. Kabilan, A. P. Kuprat, J. E. Carson, R. Jacob, K. R. Minard, J.
G. Teeguarden, D. R. Einstein and C. Timchalk. Pacific Northwest National
Laboratory, Richland, WA.
Computational fluid dynamic (CFD) models of the respiratory airways of the rat
and human extending from the nose or mouth to the lung were coupled with physiologically based pharmacokinetic (PBPK) models to describe the uptake and tissue
disposition of three reactive constituents of cigarette smoke: acrolein, acetaldehyde
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and formaldehyde. The airway PBPK models were compartmentalized by speciesspecific cell type (nose) or anatomic region (remaining airways). Physiological and
chemical constants were taken or optimized from the literature. We overcame the
computational challenges that required the use of steady-state inhalation breathing
in prior CFD models. Thus, simulations of aldehyde exposures in the rat at inhalation bioassay no-observed adverse effect levels were conducted using full breathing
cycles until breath by breath tissue concentration profiles reached steady-state.
Human simulations were conducted using representative aldehyde yields from cigarette smoke and measured puff ventilation profiles. Lifetime average daily doses
(LADD) based upon tissue areas under the curve (AUC) were compared for each
species according to their respective exposure regimen and number of cigarettes
smoked. As with prior steady-state CFD/PBPK simulations, the anterior tissues of
the nasal mucosa received the greatest uptake for each aldehyde in the rat although
actual tissue concentration profiles are dramatically different using the more realistic breathing profiles. For human oral simulations, the oral and laryngeal tissues received the greatest tissue dose with greater penetration to pulmonary tissues than
predicted in the rat. Based upon internal dose comparisons, the order of concern
for human exposure was acrolein>formaldehyde>acetaldehyde. Competitive metabolic interactions between aldehydes were minimal at concentrations expected from
cigarette smoke yields. Funded by NHLBI R01 HL073598 and RJR under Battelle
Project 56296.
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EXPOSURE VERSUS INTERNAL DOSE: RESPIRATORY
TRACT DEPOSITION MODELING OF INHALED
ASBESTOS FIBERS IN RATS AND HUMANS.

B. Asgharian1, O. T. Price1, S. H. Gavett2 and A. M. Jarabek2. 1ARA, Raleigh,
NC and 2US EPA, Research Triangle Park, NC.
A dosimetry model to calculate deposited fractions (DF) in the upper and lower
respiratory tract (URT and LRT) is the first step to a more comprehensive model
addressing retained fiber burdens. We developed equations for external forces on
fibers suspended in inhaled tidal air as a function of fiber dimensions and orientation. These equations were used to obtain fiber equivalent diameters, and replaced
particle diameter in expressions for inhalability and deposition efficiency. Resultant
local and regional DF were used to compute different dose(s) of inhaled fibers in
the human and rat LRT for a monodisperse aerosol of 10 fibers/cc assuming a density of 3.0 mg/m3 and an aspect ratio (β) of 3, 5 or 10. Fiber diameter was a greater
determinant of DF than fiber length. Deposited mass, surface area (SA), and number of fibers per LRT surface area was significantly lower in rats than in humans. By
number, the fiber DF increased with decreasing physical diameter in the diffusion
range, and in the impaction range reached a peak at 0.5 – 1 μm in rats and 2 – 5
μm in humans. The deposited mass and SA of fibers increased with physical diameter across the entire size range to reach a peak at ~2 – 3 μm for humans and ~ 0.6
μm for rats. LRT DF beyond these sizes dropped sharply to 0 due to URT filtering.
Calculated human equivalent concentrations in the diffusion range were 4 and 6
times higher than the rat exposure concentration in the tracheobronchial (TB) and
pulmonary (PU) regions, respectively, and decreased with increasing fiber diameter
to unity at 0.7 μm. Increases in aspect ratio resulted in decreased TB and PU DF.
The differences in DF with bivariate fiber distribution illustrate the value of
dosimetry models to interpreting and translating data across species, and can be
used to characterize the inherent uncertainty in risk assessments based on exposure
versus internal dose. (The views expressed in this abstract are those of the authors
and do not necessarily represent the views or policies of the U.S. Environmental
Protection Agency.)

438

COMPUTATIONAL COMPARISON OF ASBESTOS
FIBERS: DOSIMETRY MODEL SIMULATIONS TO
CHARACTERIZE VARIABILITY AND POTENCY.

A. M. Jarabek1, O. T. Price2, S. H. Gavett1 and B. Asgharian2. 1US-EPA, Research
Triangle Park, NC and 2Applied Research Associates, Inc., Raleigh, NC.
We applied a recently developed dosimetry model that describes the aerodynamic
behavior of inhaled fibers and resultant deposition fractions (DF) in the human
and rat respiratory tract to compare DF between environmental exposures of Libby
amphibole (LA) and amosite (AM). Physiological parameters such as minute ventilation rate (VE) and breathing mode can be used in such models to explore uncertainty inherent in risk assessments using average exposure or default intake values.
Published VE values for different exertion levels in adults, and across ages from 3
months to adult, were used in simulations of human exposures. For rats, a range of
VE was calculated using allometric scaling based on body weights that correspond
to the maximum difference in age used in subchronic versus chronic bioassays, inclusive of both sexes for several strains. DF of LA in humans was greater than of
AM across all VE and ages in the tracheobronchial (TB) region and especially in the
pulmonary (PU) where it differed by 5-fold with VE and ~10-fold with age. DF
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pattern between the fibers differed consistently across VE and age: DF in the PU region of LA was higher than in the TB; whereas DF of AM was higher in the TB region than in the PU. Differences with VE were greatest for DF of LA in the PU region by a factor of 2.5, and with age in the TB by a factor of 36. A different pattern
emerged in rats: DF of AM in the TB region was higher than of LA over the range
of VE by a factor of 1.5 – 2.5; DF of LA in the TB was greater than in the PU.
Differences in DF may explain differences in potency reported for the two fibers.
Dramatic interspecies differences between the two fibers have important implications for interpretation and translation of dose-response analyses. Simulations also
clearly show the variability due to age that is implicit in community exposures.
(The views expressed in this abstract are those of the authors and do not necessarily
represent the views or policies of the U.S. Environmental Protection Agency.)
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A BBDR-HPT AXIS MODEL FOR PREGNANT WOMAN
AND FETUS: EVALUATION OF IODIDE DEFICIENCY,
PERCHLORATE EXPOSURE AND THEIR
INTERACTIONS.

A. Lumen1, D. R. Mattie2 and J. W. Fisher1. 1US FDA/NCTR, Jefferson, AR and
2AFRL/711 HPW/RHPBA, Wright-Patterson AFB, Dayton, OH.
Disturbances in the hypothalamus-pituitary-thyroid (HPT) axis leading to hypothyroidism in pregnant women have been shown to cause negative effects on the
neurodevelopment of fetus. Iodine deficiency is a major cause for such disturbances
and is still a prevalent condition among populations worldwide. Mechanistically, it
has also been shown that thyroid active agents like perchlorate inhibit the uptake of
iodide into the thyroid, potentially contributing to perturbations of the HPT axis.
The risk of such exposure conditions are yet to be evaluated quantitatively. The goal
of this study is to develop a biologically based dose response (BBDR) model for the
HPT axis in the pregnant woman and fetus. This model will describe the interactions of dietary iodide and perchlorate exposure on the HPT axis, focusing on fetus
during early and late gestational stages. The maternal iodide sub-model includes
plasma, thyroid, placenta, lumped richly and slowly perfused compartments. The
fetal iodide sub-model is concise and comprises plasma, thyroid and a lumped rest
of the body compartments. A similar three compartmental approach was adapted
for both maternal and fetal perchlorate sub-models. This BBDR-HPT axis model
also contains thyroid hormone sub-model represented by volume of distributions
for T4 and T3 with TSH dependent feedback mechanisms, regulating thyroidal iodide uptake, thyroid hormone synthesis and secretion. This model was first developed and tested for iodide sufficient conditions at specific gestational periods,
which allowed us to estimate parameters and offer validation against available experimental data. The model was then extended to predict serum T4 and T3 levels
in the mom and fetus for poor dietary iodide intake conditions and perchlorate exposure. TSH serum levels were important in understanding the compensatory
range of the negative feedback loop. The BBDR HPT axis model for human pregnancy offers a computational method to better understand dietary iodide conditions under which the fetus may be at risk for perchlorate exposure.
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AN ASSESSMENT OF DIOXIN EXPOSURE ACROSS
MULTIPLE GESTATIONAL AND LACTATIONAL STAGES
USING A PBPK MODEL AND NEW DATA POINTS
FROM SEVESO.

C. Emond1, M. DeVito2, M. Warner3, B. Eskenazi3, P. Mocarelli4 and L. S.
Birnbaum5. 1BioSimulation Consulting, Inc., Newark, DE, 2NIEHS, NTP, Research
Triangle Park, NC, 3School of Public Health, University of California Berkeley,
Berkeley, CA, 4Department of Laboratory Medicine, University of Milano-Bicocca,
School of Medicine, Milano, Desio, Italy and 5National Cancer Institute and NIEHS,
Research Triangle Park, NC.
In humans, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is slowly eliminated via
the gastrointestinal tract and lactation. The objective of this work was to apply a
TCDD PBPK model to evaluate the role of these elimination routes using data
from female residents of the 1976 Seveso accident. We studied 23 women who were
4 to 32 years when the accident occurred and who subsequently had serial blood
TCDD concentrations measured. At the 20 year follow-up, 7 remained nulliparous, 9 had given birth to 1 baby, and 7 to 2 or more infants. Some women had
lactated post exposure. We optimized the PBPK model using the subgroup of 9
women who had 1 baby; 3 of whom had nursed. We used the 14 other women to
assess the model. The 23 women were simulated based on blood TCDD concentrations and pregnancy and lactation information. The PBPK model provides a good
fit to maternal serial blood TCDD concentrations. In addition, lactation had a
higher impact on TCDD elimination than pregnancy; however, the amount eliminated was strongly related to initial body burden and induction of CYP1A2 resulting in TCDD sequestration in the liver. These factors are particularly relevant at

high body burden. These results indicate that our PBPK model, which was initially
developed from animal studies, can be used to predict TCDD elimination in humans. Improvement of the model will require a systematic study with serial samples
of maternal milk and blood across gestational and lactational stages. (This research
was funded in part by the US Environmental Protection Agency [R82471], NIEHS
[R01 ES07171], Regione Lombardia and Fondazione Lombardia Ambiente,
Milan, Italy. This abstract does not necessary reflects the views of these agencies.)
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PHYSIOLOGICALLY-BASED PHARMACOKINETIC
(PBPK) MODELING TO EXPLORE POTENTIAL
METABOLIC PATHWAYS OF
BROMOCHLOROMETHANE IN RATS.

M. V. Evans1, W. S. Cuello2, T. A. Janes2, J. M. Jessee2, M. A. Venecek2, M. E.
Sawyer3 and C. R. Eklund1. 1Pharmacokinetics Branch, US EPA, ORD, NHEERL,
ISTD, Research Triangle Park, NC, 2Math Department, Research Experience for
Undergraduates (2011), North Carolina State University, Raleigh, NC and 3Math
Department, North Carolina State University, Raleigh, NC.
Bromochloromethane (BCM) is a volatile organic compound and a by-product of
disinfection of water by chlorination. Physiologically based pharmacokinetic
(PBPK) models are used in risk assessment applications and a PBPK model for
BCM, updated with F-344 specific input parameters, is used here for hypothesis
testing to provide useful information for risk assessment of this compound.
Inhalation vapor uptake data for F344 rats obtained from the literature were used
for PBPK development. The initial chamber concentration ranged between 2004000 ppm to ensure that metabolic saturation was included in the experimental design. The two different metabolic hypotheses examined were: 1) a two-pathway
model using both CYP2E1 and glutathione transferase systems, and 2) a two-binding site model where metabolism can occur via one enzyme, CYP2E1. Our computer simulations demonstrated that both metabolic hypotheses described the
available experimental data in a similar manner. The two-pathway results were
comparable to previously reported values (Vmax = 3.8 mg/hour, Km=0.35 mg/liter,
and KGST =4.7 /hour). The two-binding site results use Michaelis-Menten parameters to describe the first binding site, Vmax1 = 3.7 mg/hour and Km1=0.3mg/liter,
and a clearance rate to describe the second site, CL2 = 0.05 liter/hour. In addition,
the sensitivity of different parameters for each model was explored using our obtained optimized values. At concentrations below 2000 ppm for both metabolic
hypotheses, there was a peak in sensitivity towards Vmax measurement using liver
concentration. In summary, the combination of PBPK modeling and sensitivity
analysis is useful when studying different kinetic hypotheses using parameters optimized with closed chamber experimental data. (This abstract does not reflect EPA
policy).
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WHEN TO SAMPLE AND HOW TO INTERPRET
BLOOD LEVELS IN THE OCCUPATIONAL SETTING:
THE EXAMPLE OF STYRENE.

M. Verner1, R. McDougall2 and G. Johanson1. 1Institute of Environmental
Medicine, Karolinska Institute, Stockholm, Sweden and 2Ontario Institute of
Technology, Oshawa, ON, Canada.
Biomonitoring of chemicals in the occupational setting provides an integrated characterization of exposure that accounts for uptake through multiple pathways as well
as physiologic parameters influencing the toxicokinetics. We conducted this study
to determine the best time to sample blood and the range of blood levels associated
with exposure to styrene at a time weighted average (TWA) guideline of 20 ppm
proposed by the American Conference of Industrial Hygienists (ACGIH). We extended a validated physiologically based pharmacokinetic (PBPK) model to evaluate styrene population toxicokinetics through Monte Carlo simulations based on
posterior parameter distributions derived from Bayesian analyses. Workload and
styrene air levels were allowed to vary throughout the day based on lognormal distributions and different autocorrelation coefficients that emulate exposures in
poorly and highly ventilated work areas. Simulated blood styrene levels were compared to 24-h area under the curve (AUC) and peak levels by correlation analyses to
pinpoint the sampling times that provide the best representation of these internal
exposures. Finally, the simulated blood levels at the end of shift were compared to
ACGIH Biological Exposure Index (BEI) of 0.2 mg/L. Styrene levels in blood sampled at the end of the lunchtime break or one hour after the end of shift were the
strongest determinants of 24-h AUCs and peak blood levels. Following an exposure
at a TWA of 20 ppm, mean (5th - 95th percentiles) blood levels at the end of
lunchtime break and one hour after the end of shift were, respectively, 0.10 mg/L
(0.05-0.15) and 0.13 mg/L (0.07-0.19). The existing BEI was similar to the 5th
percentile end of shift blood level (0.28 mg/L). Overall this study supports the adequacy of the BEI put forward by the ACGIH, but proposes two new sampling
times that might be more representative of the average and peak exposures with
ranges of blood levels associated with a TWA exposure of 20 ppm.
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ABSOLUTE AND RELATIVE ORGAN WEIGHT
DISTRIBUTIONS FOR FISCHER 344 RATS.

D. J. Marino. Conestoga-Rovers & Associates, Rochester, NY.
The Fischer 344 (F-344) rat is the standard rat strain used in toxicology studies
conducted by the National Toxicology Program (NTP). While numerous reports
have been published on growth, survival and tumor incidence, no overall compilation of organ weight data is available. Importantly, organ weight change is an endpoint used by regulatory agencies to develop toxicity values (TVs) for use in human
health risk assessments. Furthermore, physiologically-based pharmacokinetic
(PBPK) models, which utilize relative organ weights, are increasingly being used to
develop TVs. Therefore, all available absolute and relative organ weight data for untreated control F-344 rats were collected from final NTP feed, drinking water and
inhalation studies reported though September 2011 in order to develop organ
weight distributions. Results show that organ weights were collected more frequently in NTP studies at 3-month (160 studies) than at other intervals and more
frequently from feeding and inhalation than drinking water studies. Liver, right
kidney, lung, heart, thymus, right testis, and brain weights were most frequently
collected. Infrequently weighted organs included adrenals, pituitary gland, thyroid
gland, spleen, pancreas, urinary bladder, and female and male reproductive organs
other than the testis. From 3-month study results, the mean and standard deviation
for absolute and relative organ weights were calculated for nearly 20 organs based
on results from approximately 1,400 male and female F-344 rats. The results show
greater variability in weights for small organs, and suggest a general variability trend
in absolute organ weights of brain < right testis < right kidney < heart < liver < lung
< spleen < thymus. Given the number of studies (160 studies), number of F-344
rats (nearly 1,400 males and females) and number of organs (nearly 20 organs) included in this evaluation, the resultant organ weight distributions are likely to be
among the most comprehensive and robust available, and are useful as historical
reference values, and for parameterization of probabilistic and Bayesian PBPK
models.
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VIRTUAL LIVER: AN IN SILICO FRAMEWORK FOR
ANALYZING CHEMICAL-INDUCED HEPATOTOXICITY.

I. Shah1, J. Jack1, J. Wambaugh1, W. Setzer1, C. Corton2 and T. Knudsen1.
1National Center for Computational Toxicology, US EPA, Durham, NC and
2National Health and Environmental Effects Lab, US EPA, Durham, NC.
The US EPA Virtual Liver (v-LiverTM) is an in silico framework for the dose-dependent perturbation of normal hepatic functions by chemicals using in vitro data.
The framework consists of a computable knowledge-base (KB) to infer putative
pathways in hepatotoxicity and a cellular systems model to predict the dose-dependent effects of chemicals. We have synthesized diverse evidence about thousands
of effects for 650 chemicals in the KB from ToxRefDB, DSSTox, -omics data and
the literature using public terminologies (e.g. GeneOntology, Foundational Model
of Anatomy, Mouse Pathology Ontology, etc.). Using the KB we related
ToxCastTM in vitro bioactivity assay data on 68 rodent hepatotoxicants (e.g.
PFOA, Imazalil, Bisphenol A, Triclosan, Acetaminophen, Phenobarbital, WY14643) to a putative network of events resulting in hepatocyte necrosis, apoptosis
and proliferation, which were mediated by constitutive androstane receptor, aryl
hydrocarbon receptor, pregnane X receptor, and peroxisome proliferator-activated
receptors. In order to estimate the in vivo effects of these chemicals we encoded this
network in a dynamic cell-agent based model that integrates micro-dosimetry, intracellular signaling and cell-cell interactions across the spatial extent of the hepatic
lobule to predict histopathologic outcomes. We used experimental data on DNA
synthesis following exposure to normal levels of growth factors and cytokines (e.g.
Insulin, EGF and TNF-α) to calibrate the dynamics of cell cycle progression
through S-phase. Next we used in vitro data (e.g. nuclear receptor activation, oxidative stress and c-Jun activation) to estimate key parameters required for simulating the dose- and time-dependent effects of 20 chemicals on hepatocyte proliferation, apoptosis and necrosis. We are using the v-Liver framework to analyze
alternative mitogenic and cytotoxic pathways involved in non-genotoxic cancer.
Abstract does not represent EPA policy.
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ROLE OF THE ASIALOGLYCOPROTEIN RECEPTOR IN
EXTRAPOLATING THE SYSTEMIC CLEARANCE OF
ENB-0040 ACROSS SPECIES.

P. Poulin1, T. Tolomeo2, I. Lemire3, P. Leonard3, J. Marier2 and M. Beliveau2.
1Consultant, Quebec, QC, Canada, 2Consulting Services, Pharsight Corporation,
Montreal, QC, Canada and 3Enobia Pharma, Montreal, QC, Canada.
Traditional allometric scaling approaches focus on the relationship between body
weight and clearance (CL) with minimal consideration for the mechanism behind
protein CL itself. This can lead to differences between allometrically scaled predicted and actual values when scaling across species. For glycosylated proteins such
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as ENB-0040, a soluble form of the tissue-nonspecific isoenzyme of alkaline phosphatase (TNSALP) that has high affinity for hydroxyapatite crystals and is used in
the treatment of hypophosphatasia, receptors such as asialoglycoprotein receptors
(ASGPRs) present on the hepatocyte cell surface play a role in the CL of proteins in
vivo. According to a novel approach recently published in the literature, the number of ASGPRs receptors (per kg body weight) was integrated into an interspecies
scaling framework to ultimately optimize the prediction of CL of ENB-0040 across
animal species. ENB-0040 was subjected to traditional allometric scaling as a first
step in predicting the CL of ENB-0040 in rabbits using data from rats, dogs, monkeys and humans. The predicted CL of ENB-0040 in rabbits from allometry was
5.29-fold lower than the observed CL. After integrating the number of ASGPRs receptors (per kg body weight) across animal species, the predictive performance of
the corrected allometric model was markedly improved with the predicted CL in
rabbits less than 20% of the observed value. These results are consistent with the
5.52-fold higher number of ASGPRs receptors in rabbits as compared to rats.
Overall, the above analysis suggests that receptor concentrations may help to explain the difference between the predicted and observed values for CL across species
and support the integration of additional physiological information in allometric
models to further refine predictions of humans CL of therapeutic proteins.
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US EPA BIOFUELS RESEARCH: PROGRESS ON PBPK
MODEL DEVELOPMENT FOR ETHANOL AND
GASOLINE IN RATS.

S. A. Martin1, W. M. Oshiro1, P. A. Evansky2, A. Ledbetter2, Q. Krantz2, J.
Ford3, H. El-Masri4, W. R. LeFew4, L. L. Degn1, T. E. Beasley1, D.
MacMillan3, D. W. Herr1, W. K. Boyes1, P. J. Bushnell1, K. Choi5, H. J.
Clewell5, J. L. Campbell5 and E. D. McLanahan6. 1TAD, Research Triangle Park,
NC, 2EPHD, Research Triangle Park, NC, 3RCU, Research Triangle Park, NC,
4ISTD, NHEERL, ORD, USEPA, Research Triangle Park, NC, 5The Hamner
Institutes, Research Triangle Park, NC and 6NCEA, ORD, US EPA, Research
Triangle Park, NC.
Biofuel blends of ethanol and gasoline are increasingly common in the USA. PBPK
models were developed for ethanol-alone (Martin et al., 2011, SOT) and gasoline
to inform studies of developmental effects of ethanol-gasoline blends. Following
collection of tissue pharmacokinetic (PK) data from exposed dams (21K ppm
ethanol/6.33h/gestation days (GD) 9-20) and fetuses (GD20), our earlier model
was modified to account for fetal blood, brain, carcass and repeated exposure. The
revised model accurately simulated dam/fetal tissue (<1.5x over/under-prediction)
and fetal carcass data, which generally tracked the dam. Addressing another target
tissue, ethanol was measured in eyes of adult rats exposed to ethanol (5K, 10K, 21K
ppm, 6h/day). To account for ocular PK, a novel compartment was included in the
model enabling simulation of eye ethanol. Model performance was excellent at 1021K ppm with <2x under-prediction at 5k ppm. To refine uptake parameters, an
adult rat plethysmography study was conducted at these 3 concentrations and 0
ppm in nose-only and whole-body systems. Minute volume at 21K ppm was reduced ~20% in both systems. Other parameters (frequency, tidal volume, etc) were
affected to varying degrees, generally in a dose-dependent manner. Model adjustments at 21K ppm improved fit to these data without degrading 5-10K ppm
ethanol fits. Revised ethanol models were then incorporated into models for gasoline-ethanol blends. A 9K ppm/6h gasoline PK study was conducted to provide
model calibration data and for comparison with data from ethanol studies and
blend simulations (0-85% ethanol). Results highlight PK differences in constituent
clearance at similar gasoline and ethanol exposures (9-10K ppm), informing
ethanol-gasoline blend predictions and future biofuel modeling directions. This abstract does not reflect US EPA policy.
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QUANTIFICATION, OPTIMIZATION, AND
VALIDATION OF CORTISOL LEVELS AS A MEASURE
OF PRENATAL STRESS.

M. Smith1, W. C. Griffith1, S. Beresford2, B. Thompson3, M. Vredevoodg1, E.
Vigoren1 and E. Faustman1. 1Environmental and Occupational Health Sciences,
University of Washington, Seattle, WA, 2Epidemiology, University of Washington,
Seattle, WA and 3Fred Hutchinson Cancer Research Center, Seattle, WA.
Maternal stress during pregnancy may have significant health impacts on the developing fetus. To fully understand these impacts, it is necessary to quantify long-term
and episodic stress during pregnancy. A wide range of approaches are available to assess maternal stress and stress biology in pregnancy, including stress-related biomarkers such as cortisol. Cortisol is released in pulses as part of the stress response;
therefore short term measurements from saliva, blood and urine require multiple
samples and are unreliable measures of overall stress levels. Cortisol in hair however,
provides a relatively non-invasive temporal and cumulative record of stress from a
single sample. Though there is a strong body of research relating psychological
stress to elevated hair cortisol levels, there is little information regarding the rela-
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tionship between blood, saliva, urine and hair concentrations. Therefore, we used
Berkeley Madonna to create a biokinetic model of cortisol levels using parameters
obtained from literature searches that relate concentrations among these compartments and reflect changes in diurnal variation, overall elevation or depression in
cortisol concentrations and predict the maximum stress peak possible. Cortisol
concentrations measured in biological samples taken from nonpregnant women
were used to test the model and compare the results to qualitative answers in a stress
questionnaire. This study shows that variation in hair samples are related to changes
in urine, blood and saliva cortisol concentrations. This model will ultimately be
adapted for pregnant women for potential use in the National Children’s Study to
assess and quantify prenatal exposure to stress through maternal hair samples and
stress questionnaires.
Supported by NICHD, NIH, DHHS (Contract #HHSN267200700023C),
NIEH (Award #5PO1ES009601) USEPA (Grant #RD8345140).
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DEVELOPMENT OF A PBPK MODEL FOR C60
FULLERENE DISPOSITION DURING GESTATION AND
LACTATION IN THE RAT.

M. Yoon1, Y. Yang1, S. J. Sumner2, R. W. Snyder2, J. Pitzer3, J. M. Brown3, T.
R. Fennell2 and H. J. Clewell1. 1The Hamner Institutes for Health Sciences, Research
Triangle Park, NC, 2RTI International, Research Triangle Park, NC and 3East
Carolina University, Greenville, NC.
To address concerns about potential health effects of exposure to nanomaterials
during development, a PBPK model was developed that describes C60 disposition
during gestation and lactation. A multiscale modeling approach was used, focusing
on extrapolation of in vitro cell-based information to predict in vivo nanoparticle
disposition. In this multiscale approach, a cellular kinetic model description of C60
kinetics in vitro is incorporated into the whole body PBPK model. Each tissue contains one or more sub-compartments representing sites of C60 accumulation including entrapment in tissue macrophages, binding to proteins, and post-distributional aggregation, as identified by in vivo imaging data. The PBPK model was
extended to pregnancy and lactation periods by including dynamic changes in
physiology and transfers of C60 from the dam to offspring through placenta and
milk. The model simulated C60 distribution agreed well with data from pregnant
and lactating dams, placenta, and milk, as well as in pooled fetuses and tissues in
pups 24 hr or 48 hr after the IV exposure on gestation day 15 or postnatal day 8, respectively. Our results indicate no substantial change in maternal C60 disposition
during pregnancy or lactation in the rat, since the same cellular parameters for C60
kinetics could be used for different life stages. However, accumulation of C60
nanoparticles in the placenta, fetus and neonate following maternal IV dosing suggests the potential for developmental effects. This modeling strategy can be readily
adaptable to other nanomaterials to contribute to developing a tool to assess potentail risks of nanomaterial exposure in early life (This work was supported by
NIEHS Award #U19ES019525, but solely expresses the view of the authors).
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PHARMACOKINETICS OF DIBENZO(DEF,
P)CHRYSENE IN PREGNANT AND NONPREGNANT
MICE.

S. R. Crowell1, J. Soelberg1, M. Graham1, A. Hjerpe1, A. K. Sharma2, S.
Amin2, D. E. Williams3 and R. A. Corley1. 1Biological Monitoring & Modeling,
Pacific Northwest National Laboratory, Richland, WA, 2Penn State University,
Hershey, PA and 3Oregon State University, Corvallis, OR.
Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous environmental contaminants generated as byproducts of natural and anthropogenic combustion processes.
Dibenzo[def,p]chrysene (DBC) is a high molecular weight PAH classified as a 2B
carcinogen by the International Agency for Research on Cancer (IARC) on the
basis of sufficient evidence of carcinogenicity in animals. Notably, DBC has been
shown to cross the placenta in exposed mice, causing carcinogenicity in offspring.
Here, we present pharmacokinetic data of DBC in pregnant and non-pregnant
mice. Pregnant (gestational day 17) and non-pregnant female B6129SF1/J mice
were exposed to 15 mg/kg DBC in corn oil by oral gavage. Subgroups of mice were
sacrificed over 48 hours post-dosing, and blood, excreta, and tissues analyzed for
DBC and metabolites. The pharmacokinetics of DBC and its diol and tetrol
metabolites were significantly different in pregnant versus naïve mice, with elevated
maximum concentrations of parent chemical and metabolites achieved in blood
and other tissues. Using a physiologically-based pharmacokinetic (PBPK) model,
we found that observed differences in pharmacokinetics could not be explained
simply by changes in tissue volumes and blood flows that occur during pregnancy.
Analysis of whole fetuses corroborated previous research indicating DBC and
metabolites can move across the placenta. Concentrations of DBC in fetuses were
generally one to two orders of magnitude below maternal blood concentrations,
while metabolite concentrations closely resembled those observed in maternal
blood. Supported by Award Number P42 ES016465 from the National Institute of
Environmental Health Sciences.
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USE OF PBPK MODELS TO EVALUATE ASSOCIATIONS
IN EPIDEMIOLOGIC STUDIES OF REPRODUCTIVE
OUTCOMES WITH PFOA AND PFOS
CONCENTRATIONS.

A. E. Loccisano1, M. P. Longnecker2, J. L. Campbell1, J. L. Butenhoff3, M. E.
Andersen1 and H. J. Clewell1. 1The Hamner Institutes for Health Sciences, Research
Triangle Park, NC, 2National Institute of Environmental Health Sciences, NIH,
Research Triangle Park, NC and 33M Medical Department, Corporate Toxicology, St.
Paul, MN.
Conflicting results have been reported for associations between maternal exposure
to perfluoroalkyl acids (PFAAs) and human birth outcomes. Of particular interest
are recent reports from epidemiological studies linking increased maternal blood
concentrations of PFAAs with reduced infant size at birth and also a longer time to
pregnancy for women who have higher serum PFAA levels. The purpose of this effort was to determine whether the observed epidemiologic associations may be due
to reverse causality, i.e., the relationships between plasma levels of PFAAs and various outcomes may be explained on the basis of pharmacokinetics rather than the
chemicals exerting causal adverse effects. In order to understand how changing developmental physiology may affect the tissue distribution of a chemical in the
mother, fetus, and neonate, we have developed physiologically-based pharmacokinetic (PBPK) models for perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) in the adult human and extended them to the gestation and lactation life stages. In this work, the ability of the models to predict PFAA
concentrations observed in epidemiological studies was examined using Monte
Carlo analysis. We also evaluated whether the epidemiologic associations noted
above could be explained entirely by predictions made with the PBPK models. The
models provided a good fit to observed PFAA concentrations in humans during
pregnancy and lactation. The PBPK models predicted that plasma PFAA levels
would be related to lower birth weight, and, among parous women, longer time-topregnancy, purely on the basis of physiological phenomena.
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INVESTIGATION OF THE HEPATIC EFFECTS OF THE
BENZOFURAN CORE MOIETY.

M. J. Liguori, J. M. Maher, R. Wagner, A. C. Ditewig, J. Lai-Zhang, W. Buck
and E. A. Blomme. Cellular & Molecular Toxicology, Abbott Laboratories, Abbott
Park, IL.
Benzofuran ring systems are common structural components of many pharmaceutical entities, including the anti-arrhythmic agent amiodarone. However, little is
understood about the actual toxicological and biological effects of the core benzofuran ring itself. Therefore the purpose of this investigation was to analyze the affects of 1-benzofuran on the liver and compare it to amiodarone by using benchmark toxicogenomic profiling against signatures of common hepatotoxicants.
Male Sprague-Dawley rats (n=3/group) were dosed with either 125 mg/kg/day 1benzofuran or 250 mg/kg/day amiodarone for 5 days. Histology revealed evidence
of apoptosis and hepatocyte hypertrophy after 1-benzofuran exposure but little
pathology with amiodarone. Marked and mild increases in liver weights were observed with 1-benzofuran and amiodarone, respectively. Despite significantly different global mRNA expression profiles, both 1-benzofuran and amiodarone had
similar abilities to regulate fatty acid metabolism, cholesterol and bile acid synthesis, along with perturbation of the oxidative and mitochondrial stress response. This
includes a number of notable genes being induced by both compounds: HMGCoA reductase, Fatty Acid Synthase, and the LDL receptor (CD36), as well as oxidative stress-responsive genes such as NAD(P)H:quinone oxidoreductase (NQO1)
and phase II enzymes such as glutathione S-transferase and UDP-glucuronosyltransferase family members. After five days of treatment steatosis was not evident in
the liver, but serum cholesterol levels were elevated approximately two-fold at this
timepoint by both compounds. Chemical profiling suggests that the benzofuran
moiety correlates well with chemicals known to induce hepatic steatosis, including
amiodarone. Thus, the benzofuran ring structure may have the potential to induce
steatosis, and chemical modification may help modulate this side effect.
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TENOFOVIR DISOPROXIL FUMARATE: TOXICITY,
TOXICOKINETICS AND GENE EXPRESSION ANALYSIS
AFTER 13 WEEKS OF ORAL ADMINISTRATION IN
MICE.

H. H. Ng, L. Rausch, D. I. Bunin, A. Wang, S. Brill, J. Gow and J. C.
Mirsalis. BioSciences, SRI International, Menlo Park, CA.
Tenofovir disoproxil fumarate (TDF) is a prodrug of tenofovir, an analog of adenosine monophosphate that inhibits reverse-transcriptase, and therefore has activity
against human immunodeficiency virus (HIV) and hepatitis B virus. Despite its

therapeutic success, renal toxicity and hepatotoxicity have been reported in the
clinic. Therefore, concern exists regarding the long term use of TDF. The goals of
this study were to evaluate the molecular mechanism of TDF-induced toxicity in
female BALB/c mice using an Affymetrix microarray and to correlate gene expression changes with plasma drug levels and other toxicology endpoints including
clinical pathology and histopathology. TDF was orally administered by gavage daily
for 91 days at 50, 500 and 1000 mg/kg/day to mice. No overt toxicity associated
with administration of TDF was observed. TDF was absorbed quickly into the
plasma. It then decayed over time up to the last time point (24 hr post dose). Peak
plasma levels and total plasma exposure were similar at Days 1 and 91. The only
microscopic finding considered test -article related was cytomegaly in the livers of
mice given 1000 mg/kg/day TDF. Analysis of gene transcripts in the livers showed
that Cdkn1a (p21, Cip1), a cyclin-dependent kinase inhibitor 1A, increased 3.7fold compared with the controls on Day 92. The increase of Cdkn1a transcription
level may have contributed to the inhibition of cell cycle progression at G1, causing
cytomegaly in the liver. The kidneys from Day 92 TDF treated animals (1000
mg/kg/day) were histopathologically normal which was consistent with the microarray results which showed no significant differences in gene expression between
the kidneys from TDF treated animals and the vehicle control animals on Day 92.
Work supported by NIAID Contract N01-AI-70043.
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REDUCED ACETAMINOPHEN-INDUCED INJURY IN
LPR MICE IS DEPENDENT ON INCREASED
GLUTATHIONE SYNTHESIS AND ENHANCED
DETOXIFICATION OF OXIDANT STRESS.

C. D. Williams, M. R. McGill, H. Yan and H. Jaeschke. KUMC, Kansas City,
KS.
Acetaminophen (APAP)-overdose is a classical model of hepatocellular necrosis,
however, the mechanism of protection previously reported in Fas receptor-defective
(LPR) mice remains unclear. Apoptosis has no role in the mouse model of APAPoverdose as demonstrated by the lack of morphological evidence and no observed
protection by caspase inhibitors. From these findings it was unclear why preventing
the signaling of an extrinsic apoptotic pathway could reduce APAP-induced injury.
To better understand this mechanism of protection, LPR and C57BL/6 mice were
treated with 300 mg/kg APAP for 0.5h, 6h and 24h. LPR mice showed a reduction
in liver injury as measured by plasma ALT levels (>50% decrease) and reduced hepatic necrosis (>25% decrease) at both 6h and 24h. To eliminate the possibility of
altered APAP metabolism, Cyp2e1 protein expression, formation of APAP adducts
and hepatic glutathione (GSH) depletion were compared demonstrating equivalent
reactive metabolite generation. Isolated primary mouse hepatocytes from both
strains showed equivalent GSH depletion and LDH release after APAP treatment
in vitro. Interestingly, in vivo post-APAP GSH recovery was higher in LPR than
C57BL/6 (6h: 200% & 24h: 160% increase). Driving the increased GSH levels,
mRNA induction and protein expression of glutamate-cysteine ligase (GCLC) were
higher in LPR mice. The higher levels of GSH in LPR mice resulted in enhanced
detoxification of reactive oxygen as measured by hepatic GSSG levels (6h: 165% &
24h: 600% of C57BL/6 APAP-treated). Inducible nitric oxide synthase (iNOS)
mRNA and protein levels at 6h were much lower in LPR mice, which correlated
with greatly reduced nitrotyrosine staining at 6h. Conclusion: These data indicate
the importance of non-parechymal cells in the protection seen in LPR mice by
stimulating hepatic GSH production and reducing peroxynitrite formation. These
factors in combination result in the APAP-protected phenotype observed in LPR
mice.
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TOLERANCE OF ROBENACOXIB INJECTABLE AND
TABLETS IN 4 TO 5-MONTH-OLD KITTENS.

K. VanLare1, B. Marable1 and E. Reagan2. 1Novartis Animal Health US Inc.,
Greensboro, NC and 2Liberty Research Inc., Waverly, NY.
Robenacoxib (RXB) is a non-steroidal anti-inflammatory drug (Onsior®) with approved indications in cats and dogs. A safety study of the interchangeable use of
RXB tablets at 2.4 or 12 mg/kg (tablets) plus 2 or 10 mg/kg subcutaneous (SC) injection (each representing 1 and 5X the upper dose band for each route; the therapeutic dose for tablet and injection is 1.0 and 2.0 mg/kg, respectively). Male and female kittens (4-5 months old) were dosed by alternating 7-day tablet/3-day
injection cycles for 37 days. Controls were given empty gelatin capsules or sterile
saline SC (5X volume). On Day 16, one 5X group female showed constipation,
thin body score, and behavioral changes that resolved with treatment within 7 days;
this cat remained thin but healthy to the end of study. Injection site observations of
all kittens included dose-dependent increases in edema, heat or erythema, resolving
within 8 days, changes in prescapular lymph nodes close to injection sites, and/or
scab formation. Body weight was reduced in each treated group despite unaffected
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food consumption. Electrocardiograms showed a slower heart rate and increased
RR and QT interval in the 5X group compared to controls. Mild effects on some
serum chemistries were seen most often in the 5X group, including increases in creatinine and amylase. Hematology and coagulation findings were unremarkable.
Histopathology findings of injection sites in both treated groups included granulomatous changes and fibrosis. Renal vacuolation and degeneration of proximal
tubules were seen in one 1X female and three 5X males. No treatment-related effects were observed in the liver, stomach, duodenum, jejunum, ileum, or colon. In
conclusion, repeated administration of RXB tablets and injectable were well tolerated in 4-5 month old cats, with some treatment effects observed more often in the
5X dose group.
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ACETAMINOPHEN METABOLITES MODULATE
CENTRAL SEROTONIN TRANSMISSION AND SOCIAL
BEHAVIOR VIA CANNABINOID RECEPTORS.

C. Smolik1, K. Treat2, T. Gu2, J. G. Hensler2, A. Seillier2, A. Giuffrida2, M.
DeSilva1, S. T. Schultz2 and G. G. Gould2. 1University of Texas San Antonio, San
Antonio, TX and 2University of Texas Health Science Center at San Antonio, San
Antonio, TX.
Serotonin (5-HT) and cannabinoid systems both direct neural circuit formation
during brain development, and their dysfunction may underlie impaired social behavior in autism and other psychiatric disorders. Cannabinoid CB1 receptors are
found on 5-HT neurons, and agonists such as WIN 55,212 inhibit 5-HT release.
CB1 ligands and acetaminophen metabolites acutely alter murine social behavior,
perhaps via indirect 5-HT system interactions. We have found that in dorsal hippocampus, socially deficient BTBR mice have 40% higher 5-HT1A and CB1 receptor functional capacity than related 129S1/SvImJ mice or more sociable C57
mice, as measured by agonist-stimulated [35S]GTPγS binding. However, CB1 receptor saturation binding (Bmax=958+117 fmol/mg protein), and affinity for [3H]
CP 55,940 (KD =3+0.8 nM) did not differ among strains (N=6), nor did 5-HT1A
Bmax binding to [3H] 8-OH-DPAT in the frontal cortex or hippocampal CA1 region. Hence, in adult BTBR mice there is an increased capacity of dorsal hippocampal CB1 and 5-HT1A receptors to activate G-proteins, without a corresponding increase in CB1 or 5-HT1A receptor expression. Adult BTBR mouse social
behavior improved with acute administration of the 5-HT1A agonist buspirone (2
mg/kg), acetaminophen (100-500 mg/kg) or WIN 55,212 (0.1 mg/kg). Acute acetaminophen administration significantly increased levels of the endocannabinoid
anandamide in the cingulate cortex of BTBR mice, but not in 129S mice, and sociability testing also increased this measure. These data support the hypothesis of
modulation of the 5-HT system via CB1 receptors, and indicates a potential mechanism for 5-HT system disruption by acetaminophen overdose during critical
stages of brain development. We are now examining long-term effects of acetaminophen exposures in BTBR and C57 mice on social behavior and CB1 and 5-HT1A
binding site density in dorsal hippocampus. Supported by the IIMS and R25
START-UP Program, UTHSCSA.

(25,50,100mg.kg-1),the main pharmacokinetic parameters were as follows: Cmax
(μg.mL-1): 18.3±1.7, 16.5±6.0, 8.3±2.9; T1/2 (h): 7.1±1.5, 5.9±1.4, 6.5±2.6;
Tmax (h): 6.8±2.2, 5.8±2.1, 4.0±1.4; AUC0-∞ (mg.min.mL-1): 265±43,
191±64, 89±45; AUC0-t (mg.min.mL-1): 259±38, 182±64, 88±45. The absolute
bioavailability of QO58 was 22%, 24% and 17% respectively. The concentration
of QO58 in the tissues distributed from high to low in liver, kidney, intestine,
stomach and lungs is. The brain and fat are lower than the stomach. It seems that
the compound does not accumulate in rat tissues. Conclusions: The elimination
model of QO58 shows the liner-kinetics at the range 25~100 mg.kg-1. The result
of analysis on concentration-time curve shows two-compartment model after injection QO58 with single-dose.
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S. Lee1, Y. Gong2 and M. Dong1. 1School Lifesciences and Biotechnology, Korea
University, Seoul, Republic of Korea and 2Department of Chemistry, Dongguk
University, Seoul, Republic of Korea. Sponsor: B. Lee.
The Wnt/β-catenin signaling pathway is one of the fundamental mechanisms that
directly regulates cell proliferation, cell polarity and cell fate determination during
embryonic development and tissue homeostasis. Aberrant activation of the Wnt/βcatenin signal pathway is linked to a high frequency of numerous tumors. We
screened the chemical library to develop the new drug for lung cancer therapy as a
target protein of Wnt-2 using a cell-based reporter gene assay which was used to
measure the transcriptional activity of β-catenin-TCF/LEF in A549/Wnt2 cells stably expressed wnt2. Among the screened compounds, we investigated one compound, GDK-100017, which was reduced to below 50% of the luciferase activity at
IC50 concentration of the cell proliferation. GDK-100017 reduced the β-cateninTCF/LEF dependent transcriptional activity in a dose-dependent manner with an
IC50 value of about 10uM and decreased cell proliferation about 25% and 50% of
IC50 values at 24, 48 and 72h, respectively, however, did not affect to human embryonic pulmonary cell lines, L132 cells. It was down-regulated the expressions of
Wnt/β-catenin signaling pathway target genes, such as E2F and cyclin D1 which
play critical roles in proliferation. FACS analysis showed that GDK-100017 significantly induced the G1 phase arrest in A549 cell lines and this G1 arrest seemed to
correlate with inhibition of E2F and cyclin D1 expression. Altogether, these results
showed that GDK-100017 possesses potential anti-cancer activity against lung cancer cells by inhibiting their proliferation and inducing cell cycle G1 arrest partly via
the inhibition of Wnt/β-catenin pathway.
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STUDY OF PHARMACOKINETICS AND TISSUE
DISTRIBUTION ON A NEW POTASSIUM CHANNEL
OPENER QO58 IN RATS.

Q. Jia1, C. Liu1, 2 and J. Qi1. 1Department of Pharmacology, Hebei Medical
University, Shijiazhuang, China and 2Department of Pharmacy, Xingtai Medical
School, Xingtai, China. Sponsor: M. Liao.
Aim: The chemical compound QO58 belongs to pyrazolo[1,5-a] pyrimidin7(4H)-ones, is a new type potassium channel opener, which has a great potential
to open the M-channel. Some pharmacological tests show that it has a good effect
on the diseases such as epilepsy, convulsion and pain. In order to observe its absorption and tissue distribution in the rats and evaluate the characters about this
compound, a sensitive RP-HPLC method for determination of QO58 in rat
plasma and tissues was developed. It will be helpful for the advanced study on the
pharmacology and toxicology. Methods: Blood samples were obtained from fossa
orbitalis vein according to a time schedule after oral administration of
25,50,100mg.kg-1 three doses to SD rats. Tissues such as heart, liver, spleen, lung
et al were obtained at 2, 7 and 18h respectively after oral administration of
50mg.kg-1. The bio-samples were prepared based on a simple protein precipitation method with acetonitrile. Results: The calibration curve in plasma was linear
over the range of 0.1~160 μg.mL-1 and the RSD values of intra-day and inter-day
were less than 15%. The recovery of QO58 compound in rat plasma was
95~102%. After a single oral administration with three doses of QO58 to rats
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GDK-100017, A NOVEL SMALL MOLECULE
INHIBITOR OF WNT/β-CATENIN SIGNAL PATHWAY
INDUCES CELL CYCLE ARREST IN NON-SMALL LUNG
CANCER CELL LINES BUT NOT NORMAL LUNG
CELLS.

ORALLY-DOSED POLYETHYLENE GLYCOL 400
INDUCES GASTRIC MUCOSAL CHANGES IN RATS.

T. Aoshima, Y. Ueda, M. Tsuboi, Y. Ota, M. Makita, M. Nakajima, I. Narama
and M. Hayashi. Biosafety Research Center, Foods, Drugs and Pesticides (BSRC),
Iwata, Japan. Sponsor: M. Naya.
Aim of the present study was to investigate the effects of polyethylene glycol 400
(PEG 400) as a vehicle on the rat gastrointestinal tract.
Crl: CD(SD) rats (5 males and 5 females in each group) orally received 0, 5, 50 or
100% of PEG 400 at a volume of 5 mL/kg/day for 15 days. After the 15 days, the
whole parts of the gastrointestinal tract were examined histopathologically.
The animals in the receive of 50 and 100% groups sometimes excreted loose stools
during the 15 days. Although the fecal change had made us suspect some morphological changes in the lower tract, the histological examination revealed no noteworthy changes in the intestines. Instead, some changes appeared in the stomach:
infiltrations of eosinophils and globule leukocytes (GLs), increase of the mucosal
layer, extensions of the surface mucous epithelial and mucous neck cell layers, increase of the intracellular mucous in the glandular stomach. These changes tended
to be found near the limiting ridge and seemed to increase the severity and area in a
dose-dependent manner. We further characterized the GLs: immunohistochemical
test revealed that the GLs expressed Rat Mast Cell Protease 2, RMCP-2, suggesting
that the GLs induced by PEG 400 had the property (at least partially) of the mucosal mast cell lineage.
These results indicate that repeated oral administration of concentrated PEG 400
may induce the mucosal changes in the stomach of the Crl: CD(SD) rats. These
gastric changes would be a toxicological concern, because PEG 400 is widely used
today in many fields as a non-toxic chemical.
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IMPLEMENTATION OF SCREENING AND
MECHANISTIC ASSAYS FOR THE DETECTION OF
MITOCHONDRIAL TOXICITY VIA INHIBITION OF
THE ELECTRON TRANSPORT CHAIN.

H. J. Garside, M. P. Burnham, D. Jones, E. Low, J. Valentin and J. Bowes.
Safety Pharmacology, AstraZeneca, Macclesfield, Cheshire, United Kingdom.
The identification of mitochondrial toxicity in vitro has been hampered by the reliance immortalised cell lines have on glycolysis for ATP production. Therefore,
compounds that cause impairment of normal mitochondrial function can go undetected as blockage of oxidative phosphorylation does not lead to ATP depletion.
The replacement of glucose by galactose within tissue culture media forces cells to
become more reliant on oxidative phosphorylation, and therefore more sensitive to
mitochondrial poisons. HepG2 cells cultured in glucose or galactose containing
media were exposed to 8 mitochondrial toxins with known effects on specific complexes of the electron transport chain (ETC) and 11 compounds with no effect on
mitochondrial function for 24 hours in a 96-well plate format. Intracellular ATP
was measured and expressed relative to control levels. A ratio of the IC50 values observed in the glucose versus galactose cells was calculated to distinguish mitochondrial toxins (IC50 ratio > 2.5) from compounds that caused gross cytotoxicity or
non-cytotoxic compounds (IC50 ratio < 2.5). The sensitivity of the screen was calculated as 75% with 100% specificity. Routine screening of AstraZeneca compounds revealed a hit rate (IC50 ratio > 2.5) of 7% across 1617 compounds. A subset of 29 compounds, 17 active in the mitochondrial toxicity screen and 12
in-actives were screened to identify inhibitors of complex I. 11/17 of the active
compounds from the screen were Complex I inhibitors (inhibition > 50%) and
10/12 of the inactive compounds from the screen were inactive at this complex.
Overall, the combination of the mitochondrial toxicity screen and the complex I
inhibition assay are useful for detecting risk of mitochondrial toxicity in the early
stages of drug discovery.
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DEVELOPMENT AND IMPLEMENTATION OF T-CELL
RESPONSE ASSAYS IN CYNOMOLGUS MONKEYS.

L. Dong1, N. Ecklof1, J. Penraat1, C. DeMaio1, K. Hershman1, L. Dill
Morton2 and K. Henson1. 1Preclinical Safety, Novartis Institutes for Biomedical
Research, East Hanover, NJ and 2Preclinical Safety, Novartis Institutes for Biomedical
Research, Cambridge, MA.
Cytokine production and expansion of T lymphocytes following antigen exposure
are key components of the adaptive immune response. Monitoring compound-related effects on T-cell activation and proliferation may provide important information on the immunomodulatory potential of a compound. The purpose of this
study was to develop methods to monitor antigen-specific T-cell responses in
cynomolgus monkeys using peripheral blood mononuclear cells (PBMC). Two
cynomolgus monkeys (1/sex) were immunized with hepatitis B specific antigen
(HBsAg) (Engerix-B, GlaxoSmithKline) at 10 μg/animal intramuscularly on days 1
and 15. One male monkey was used as a non-immunized control. Beginning on
day 26 and every week for 6 consecutive weeks, HBsAg-specific T-cell responses
were monitored using flow cytometric evaluation of intracellular cytokine production and ex vivo T-cell proliferation. After priming with hepatitis B antigen for 5
hours followed by co-incubation with Brefeldin A overnight, cytokines (IL-2, TNFalpha, IFN-gamma) were detected mainly in CD3+CD4+ T-cells via intracellular
cytokine staining procedure. Significant antigen-specific proliferation was detected
for both CD3+CD4+ and CD3+CD8+ T-cells when stimulated with hepatitis B
antigen for 96 hours. The percentage of CD3+CD4+IL-2+ cells correlated positively with proliferation for CD3+CD4+ and CD3+CD8+ T-cells (evaluated in a
subsequent study). The results demonstrate that intracellular cytokine staining and
ex vivo proliferation may be used to detect antigen-specific T-cell responses following hepatitis B vaccination in cynomolgus monkeys.
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MODULATION OF PROLACTIN IN RAT FOLLOWING
TREATMENT WITH MOLINDONE.

S. Goel, P. Baroldi and G. Krishna. Clinical, Supernus Pharmaceuticals, Inc.,
Rockville, MD.
Molindone is an antipsychotic drug developed for treatment of schizophrenia. A 3month rat study was conducted to evaluate toxicity and prolactin-mediated effects
of molindone. Wistar rats (10/sex/group) were treated daily via oral gavage with
molindone at 0 (control), 5, 20, and 60 mg/kg/day. Plasma samples for toxicokinetics and prolactin were obtained up to 6 timepoints over a 24-hr period postdose
using 3 rats/sex/timepoint on Days 0 and 85. In males, there was a dose dependent
decrease in body weight gain of up to 35% that correlated with decrease in food
consumption. The plasma concentrations of molindone were more than dose pro-

portional with a 12-fold increase in dose resulting in a 49-fold increase in exposure.
The exposure in females was generally higher than in males with Tmax between 0.5
to 1 hr. The prolactin concentrations on Days 0 and 85 peaked up to 265 ng/mL
within 0.5 -1 hr postdose compared to maximum predose value of 40 ng/mL.
Histologically, molindone-treated rats showed a dose dependent, pharmacologically
mediated, mostly rodent specific changes known for this class of drugs, including
increase in mammary hypertrophy and hyperplasia, retention and enlargement of
corpora lutea, disruption of estrus cycle, mucification of epithelia of reproductive
tract, follicular atresia and uterine atrophy in females, and inflammation of prostate
in males. There were no other major signs of general toxicity on clinical chemistry
or anatomic pathology. Based on the known role of prolactin on hormonal homeostasis and reproductive physiology of rodents, the changes seen in this study
demonstrate the pharmacologically mediated effects of molindone. Also these
changes seem to be species-specific similar to those observed for other antipsychotics in this class. Since such changes have not been reported in humans at therapeutic doses (15 to 225 mg/day) with the use of molindone for many years, it is
concluded that the changes reported in this study do not pose any significant risk.
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MECHANISTIC INVESTIGATION OF LEFLUNOMIDE
AND TERIFLUNOMIDE HEPATOTOXICITY—
POTENTIAL INVOLVEMENT OF MITOCHONDRIA.

E. M. Poulton, T. Ackerson, J. Dwyer, T. Tang, L. Wang, L. Davenport and Z.
Jayyosi. sanofi-aventis, Bridgewater, NJ.
Leflunomide (Arava™) is an oral disease modifying anti-rheumatic drug. While its
safety profile in the clinic has been demonstrated it carries a black box warning for
idiosyncratic liver toxicity, the mechanism of which is unknown. The active
metabolite of leflunomide, teriflunomide, is being considered as a treatment for
multiple sclerosis. It is not known if teriflunomide, leflunomide, or other minor
metabolites are responsible for the hepatotoxicity. Recently multiple reports have
been published establishing the important role of the mitochondria in idiosyncratic
liver toxicity. We investigated the abilities of these two drugs to impair oxygen consumption in isolated mitochondria, and to cause cytotoxicity in various cell models.
Leflunomide was found to be 10-fold more potent inhibitor of mitochondrial respiration and generator of ROS than teriflunomide. We also demonstrate that the
P450 inhibitor SKF-525a potentiates the inhibitory effect of teriflunomide on mitochondrial respiration and the cytotoxicity of both compounds in isolated rat hepatocytes. However, metabolism studies with both compounds showed that SKF525a has no effect on the metabolism of teriflunomide in rat hepatocytes, leading
us to conclude that SKF-525 exerts its effect by potentiating the inhibitory effect
on mitochondrial respiration. We further demonstrated the importance of mitochondrial respiration in the cytotoxicity of both compounds by showing that
HepG2 cells reliant on oxidative phosphorylation are more susceptible to drug induced cytotoxicity, while HepG2 cells grown in glucose rich cell culture media are
protected. In addition, Rho0 HeLa cells, which lack mitochondrial DNA, are
found to be less sensitive to the cytotoxic effects of leflunomide than the wild-type
HeLa cells. In conclusion, if mitochondrial toxicity is involved in the mechanism of
the hepatotoxicity observed with leflunomide treatment, it is reasonable to believe
that teriflunomide will have a better hepatic safety profile than leflunomide
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PHARMACOKINETIC COMPARISON OF A NOVEL
ENGINEERED PARTICLE FORMULATION OF INSULIN
WITH EXUBERA.

P. Kuehl1, M. Reed1, D. Dobry2, D. Vodak2, D. Friesen2, D. Lyon2, A.
Cherington3 and D. Edgerton3. 1Lovelace, Albuqueruque, NM, 2Vanderbilt,
Nashville, TN and 3BRI, Bend, OR.
Exubera® was the first marketed FDA approved drug for inhaled insulin used for
therapeutics of Type 1 and Type 2 diabetes. The alternative delivery option for
Exubera® is based on the combination of a dry powder formulation and recombinant human insulin. While previous results have shown similar pharmacodynamic
profiles for inhaled insulin when compared to subQ delivery, the bioavailability of
inhaled insulin is low. Therefore a novel spray dried formulation of insulin with
Dextran 10 as an excipient was developed. The novel formulation of 30% Dextran
10 and 70% insulin and Exubera were evaluated for delivery efficiency and particle
size. Both formulations showed similar aerosol delivery efficiency (~ 80%) and particle size (~ 3 μm MMAD). A dose of 1.4 mg/kg of insulin was delivered to female
beagle dogs in a cross over study. Immediately following the inhalation of insulin,
Somatostatin was infused into a cephalic or saphenous vein to inhibit endogenous
insulin secretion. At periodic time intervals following exposures, blood samples
were obtained into K2EDTA containing tubes and processed to obtain plasma for
C-peptide and insulin analysis. Pharmacokinetic modeling was conducted using

SOT 2012 ANNUAL MEETING

99

non compartmental analysis. Comparison of the two formulations The blood
analysis showed that both formulations had similar Tmax (Dextran 10/insulin: 15
min, Exubera: 10 minutes), and Cmax (Dextran 10/insulin: 115 μU/mL, Exubera:
114 μU/mL). However, after dose normalization, the Dextran 10/insulin formulation resulted in a 13% higher relative bioavailability (determined from AUC0-last).
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9-MONTH STUDY OF A LATANOPROST-CONTAINING
SUBCONJUNCTIVAL DEVICE IN DUTCH-BELTED
RABBITS.

B. Jessen1, H. Kaur2, P. Miller3, R. Leedle2 and M. Evans1. 1Drug safety, Pfizer,
San Diego, CA, 2Covance, Madison, WI and 3CORL, Madison, WI.
Latanoprost is used for the treatment of increased intraocular pressure to prevent
the progression of glaucoma. Since the lack of compliance with topical ocular dosing may compromise efficacy, alternate methods of delivery are being sought. A 9month study was conducted to assess the safety and tolerability of a latanoprostcontaining biodegradable device. Dutch-belted rabbits were implanted
subconjunctivally with up to 5 placebo or drug-containing devices containing from
50 to 190 μg of latanoprost per device. Study assessment consisted of irritation
scoring, clinical signs, ophthalmic exams, electroretinography, and ocular histology
of cohorts at 3 and 9 months post implantation. The implants were well tolerated,
with the most severe clinical signs and irritation observed in the first few days of the
study associated with the implantation procedure. Mild conjunctival congestion
persisted through week 13 of the study and tended to correlate with the number of
devices and presence of drug. Ophthalmic exams revealed no effects beyond the ocular surface irritation, including no effects on intraocular pressure, corneal thickness, or ERG parameters. Microscopically, implants at the 3-month necropsy were
associated with cavities (containing the implants), fibrous encapsulation, and an infiltrate of macrophages, sometimes as multinucleate cells, into the implant cavity.
Drug containing implants were often associated with additional inflammatory cell
infiltrates within the implant subconjunctival cavities and adjacent to the implant
sites. At the 9-month necropsy, neutrophils were no longer common among the inflammatory cell infiltrates, most implants were fragmented and disintegrating, and
fibrovascular proliferation was present within implant luminal remnants. None of
the findings were considered adverse. Overall, the study supports the safety of the
latanoprost-containing subconjunctival device.
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LACK OF NEPHROTOXICITY AND
MYELOSUPPRESSION FOLLOWING CMX001
ADMINISTRATION IN HUMANS, RODENTS, AND
MONKEYS.

L. C. Trost, R. S. Verhoeven, A. T. Robertson, H. Mommeja-Marin, G. R.
Painter and W. Painter. Chimerix Inc., Durham, NC.
Introduction: CMX001 is an oral Lipid-Antiviral-Conjugate (LAC) that delivers
high intracellular levels of the active antiviral agent cidofovir-diphosphate.
CMX001 is in development for prevention and treatment of CMV and adenovirus
in transplant recipients and as a therapeutic countermeasure for smallpox.
CMX001, a phospholipid covalently linked to cidofovir (CDV), was designed to
take advantage of the broad-spectrum antiviral activity of CDV while eliminating
its dose-limiting renal toxicity. CMX001 is stable in plasma and generates high intracellular concentrations of the active antiviral and low levels of circulating CDV.
Studies in animals and humans have been conducted to evaluate the safety of
CMX001. Methods: Changes in renal and hematologic parameters were assessed in
toxicology studies in rodents and monkeys administered doses at high multiples of
the anticipated clinical dose. Renal effects were determined by changes in relevant
anatomic and clinical pathology parameters. In addition, renal and hematologic parameters from 207 patients administered CMX001 under Emergency
Investigational New Drug (EIND) Regulations (or foreign equivalent) at doses of
up to 350 mg given twice weekly were reviewed. Results: There were no changes in
clinical or anatomic pathology parameters indicative of nephrotoxicity or myelosuppression following administration of CMX001 for up to 39 weeks in animals at
doses exceeding the likely clinically effective dose by 10-fold. Similarly, no changes
in corresponding parameters suggestive of a dose-related trend were observed following up to 12 weeks of administration of CMX001 in patients, including those
with pre-existing renal impairment. Conclusion: Unlike CDV and other antivirals
used to treat severe dsDNA virus infections, there was no evidence of nephrotoxicity or myelosuppression associated with administration of CMX001 in animals at
significant multiples of the anticipated clinical dose or in humans administered
CMX001 for treatment of life-threatening dsDNA viral infections.
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A SPECTROPHOTOMETRIC ASSAY TO AID IN
PREVENTING DIETHYLENE GLYCOL
CONTAMINATION OF PHARMACEUTICALS.

M. L. Arwood and M. A. Vance. Pharmaceutical Sciences, Butler University College
of Pharmacy and Health Sciences, Indianapolis, IN.
Since diethylene glycol became commercially available in the late 1920’s, it has
been repeatedly substituted for propylene glycol or glycerin, liquids of similar appearance, in pharmaceutical preparations. This is done because diethylene glycol is
much cheaper than either of the safe drug solvents. Many people have died after ingesting diethylene glycol contaminated pharmaceuticals. The countries where these
deaths occurred are usually resource poor and cannot afford or do not have the
technology for the expensive tests needed to determine if their raw ingredients are
pure. Our objective is designing a simple and inexpensive enzyme-linked spectrophotometric assay to test for contamination of glycerin and propylene glycol.
The assay measures the generation of NADH by the action of glycerol dehydrogenase (EC 1.1.1.6) employing the tetrazolium dye WST-1 (Dojindo Molecular
Technologies, INC.) to enhance sensitivity. Propylene glycol and glycerin are substrates for glycerol dehydrogenase and diethylene glycol is not. Thus solutions that
are contaminated with diethylene glycol will show less absorbance. Linear absorbance versus concentration plots for propylene glycol (R2=0.9941) and glycerin
(R2=0.9904) were generated. The absorbance with either substrate was diminished
in a concentration dependent manner by added diethylene glycol. A preliminary estimate of the limit of detection for diethylene glycol contamination of propylene
glycol was 6%. The values generated by the spectrophotometric assay were comparable to results obtained by gas chromatograph-mass spectroscopy determination
using the same samples. The spectrophotometric assay described here has utility for
alerting to potential diethylene glycol contamination of ingredients used in the fabrication pharmaceuticals.
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EFFECTS OF PAN-FGFR INHIBITORS ON IN VITRO
MODELS OF TISSUE MINERALIZATION PATHWAYS.

J. D. Jamieson, A. Vitsky, E. R. Blasi, B. A. Jessen and G. M. Yanochko. DSRD,
Investigative Toxicology, Pfizer, Inc., San Diego, CA.
Fibroblast growth factor receptor (FGFr) inhibitors have been associated with softtissue mineralization and increased serum phosphorous and calcium levels in mice,
rats, and dogs. We tested the hypothesis that the mineralization associated with
FGFr inhibitors is a result of inhibition of the FGF23 receptor, a heterodimer of
FGFr1 and KLOTHO. We quantified KLOTHO expression by western blot and
immunofluorescence in primary cells, immortalized cell lines, and ex vivo tissues
from the renal proximal tubule of four species. KLOTHO was substantially expressed in primary human and rat proximal tubule cells, but had weak expression in
cells lines including HK-2 and NRK-52E. Despite weak KLOTHO expression,
HK-2 cells were responsive to FGF23. In HK-2, exposure to 10ng/ml FGF23 resulted in a 150% increase in CYP450c24a1 gene expression within 24 hours of exposure, a 3-fold induction of Egr-1 gene expression within 2 hours, and a 3-fold induction of ERK phosphorylation within 5 minutes; supplementation of exogenous
KLOTHO increased the induction of pERK to 4-fold. Preliminary data indicates
that FGFr inhibitors suppress FGF23-associated CYP450c24a1 gene induction following FGF23 exposure, suggesting that they impair the function of FGF23 receptor. Experiments to determine species specificity of these responses are ongoing.
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A PRECLINICAL MODEL FOR MEK INHIBITORINDUCED RETINOPATHY.

S. Spence1, C. Bigelow2, K. Hershman3, J. Marlowe4, L. Mc Lean5, S. Voytek4,
J. Moggs6 and P. End7. 1Preclinical Safety Assessment, Novartis Institutes of
Biomedical Research, Cambridge, MA, 2Ophthamology, Novartis Institutes of
Biomedical Research, Cambridge, MA, 3Toxicology, Novartis Pharmaceuticals, East
Hanover, NJ, 4Investigative Toxicology, Novartis Institutes of Biomedical Research,
Cambridge, MA, 5Investigative Toxicology, Novartis Pharmaceuticals, East Hanover,
NJ, 6Investigative Toxicology, Novartis Pharmaceuticals, Basel, Switzerland and
7Drug Metabolism, Novartis Pharmaceuticals, Basel, Switzerland.
The Ras/Raf/MEK/ERK mitogen-activated protein kinase pathway mediates cellular responses to growth signals and is frequently activated in cancer. Several MEK
inhibitors (MEKi) are currently in development. The most common dose-limiting
toxicities seen with MEKi are: rash, diarrhea, nausea, vomiting, and less frequently
but more troubling, central serous retinopathy (CSR) and retinal vein occlusion
(RVO). CSR is characterized by leakage of fluid under the neural retina of the mac-

ula resulting in the formation of a “blister” with detachment of the neural retina
from the pigmented retinal epithelium (PRE). This results in decreased visual acuity that may persist after the fluid has subsided. Similar findings have not been seen
in any preclinical species with any MEKi tested to date making it difficult to select
safer compounds for testing in humans. Using the Brown Norway Rat we assessed
the ability of various MEKi to decrease the expression of MEK responsive RNAs
(DUSP6 and Spry4) in the neural retina and PRE and correlated these effects with
increased thickness of the photoreceptor layer as measured by Optical Coherence
Tomography (OCT), free plasma concentrations and melanin binding.
Toxicogenomic analyses also revealed that MEK inhibitors significantly decreased
the expression of Tight-Junction mRNAs (Occludins, Claudins and Junctional
Adhesion Molecule) and related scaffold proteins (ZO-1, Actin, Rho PLAS1, PAR6
and Cdc42) in the PRE. The data suggest that MEKi alters the permeability PRE
resulting in retinal fluid imbalance that causes CSR. Potential strategies to prevent
MEKi induced CSR and the potential cause of RVO will also be discussed.
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IN UTERO EXPOSURE TO SECOND-HAND SMOKE
MODULATES PHYSIOLOGICAL AND
TRANSCRIPTOME RESPONSES IN ADULT MOUSE
LUNGS.

R. Xiao1, Z. Perveen1, D. Paulsen2, R. Rouse3 and A. Penn1. 1CBS, Louisiana
State University School of Veterinary Medicine, Baton Rouge, LA, 2PBS, Louisiana
State University School of Veterinary Medicine, Baton Rouge, LA and 3US FDA,
Silver Spring, MD.
Rationale: Cigarette smoke exposure during pregnancy causes fetal injury, low birth
weight and impaired lung function in newborns and young children. Second-hand
smoke (SHS) exposure in utero promotes asthmatic responses in young adult mice.
We hypothesized that the combination of in utero & subsequent adult SHS exposure will contribute to changes in lung function and gene expression patterns.
Methods: We exposed pregnant Balb/c mice to second-hand smoke (SHS) on days
5-19 of gestation, then exposed the male offspring to SHS from 11-15 weeks of age.
Filtered-air exposed mice were used as controls for both the in utero & adult exposures. After the adult SHS exposure, we assessed lung responses (plethysmograph),
bronchoalveolar lavage fluid (BALF), lung pathology, BALF cytokines and gene expression. Results: Our results show that the SS group (SHS-exposed both in utero
& adult) exhibited significantly increased lung function responses (Penh) and decreased breathing frequency (F), compared with in utero or adult SHS exposures
alone. A similar trend was been found for BALF cytokines: IL-1b, IL-6 and KC
were significantly elevated in the SS group. Transcriptome screening of 15-week old
male mice revealed 3 subsets of exposure-affected genes: those associated predominantly with a) in utero exposure b) adult exposure and c) mixed effect of both exposures. In utero exposure modulates expression of immune system genes. Adult exposure directly affects Wnt pathway, apoptosis and adipogenesis genes. Genes
affected almost equally by both exposures are involved in various carcinogenesis
pathways. Another subset of genes, found to be highly correlated with physiological
measurements (Maximum Penh; Minimum F), shared several enriched KEGG
pathways with the 3 exposure-affected gene sets mentioned above. Conclusion:
Cytokine-cytokine receptor interaction and MAPK signaling pathways may influence adult airway hyper-responsiveness in mice exposed in utero to SHS.
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EARLY LIFE INHALATION OF AMBIENT PARTICLES
AND OZONE MIXTURES SENSITIZES THE LUNG TO
LATER LIFE CHALLENGES.

C. J. Johnston1, 2, R. Gelein2, D. A. Cory-Slechta2, J. N. Finkelstein1, 2 and G.
Oberdorster2. 1Pediatrics, University of Rochester, Rochester, NY and 2Environmental
Medicine, University of Rochester, Rochester, NY.
Epidemiological studies conducted in the United States and elsewhere suggest that
childhood pulmonary diseases are increasing at an alarming rate. The EPA is required to set National Ambient Air Quality Standards (NAAQS) for particulate
matter and ozone to protect public health with an adequate safety margin.
However, these studies are done in the adult or aged animal models. We hypothesize that pulmonary exposure to ambient traffic related particles and ozone during
postnatal lung development causes structural alterations and increased sensitivity to
secondary challenges as adults. 4 day old C57Bl/6J mice were exposed to ambient
“Real World” ultrafine and fine particles, ozone or a mixture of particles and ozone
to examine how early life exposures effect re-exposure as adults. Groups of 4 day old
mice were exposed for 4 hours a day for 4 consecutive days for 2 weeks and allowed
to recover until 8 or 26 weeks of age. Mice were either sacrificed or re-exposed for 4
days and examined at the end of exposure. Endpoints examined were respiratory inflammatory markers. Our Results demonstrated that re-exposure as adults induced

mRNAs encoding cell cycle, antioxidant, proinflammatory cytokines and
chemokines. Increases were higher in the group that received particle/ozone mixtures as compared to individual exposures. Pulmonary lavage data demonstrated an
increased influx of cells into the lungs of challenged mice as compared to those only
exposed as adults. Exposure to pollutant mixtures during postnatal lung development demonstrated enhanced responses as compared to exposures of individual
pollutants after re-challenge as compared to age matched mice which were only exposed as adults. Our results demonstrate increased sensitivity indicating that the
lung is damaged or primed by earlier events, so exposure to a non-toxic dose of an
environmental pollutant will trigger adverse responses.
Funded By:ES-01247 and EPA PM Center R-827354.
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LONG-TERM EFFECTS OF PRENATAL ATRAZINE
EXPOSURE ON PHYSIOLOGY, BODY COMPOSITION,
AND STRESS REACTIVITY IN RATS.

C. E. Grace1, C. Aydin2, A. F. Johnstone1, C. J. Gordon1 and J. M. Rogers1.
1US EPA, Toxicity Assessment Division, Research Triangle Park, NC and 2Department
of Physiology, University of Uludag, Bursa, Turkey.
Low birth weight in humans is associated with increased risk of coronary heart disease, hypertension, and diabetes in adulthood. Experimental studies have also reported that undernutrition, stress or exposure to glucocorticoids during pregnancy
is associated with hypertension, glucose intolerance, obesity, and altered stress reactivity. The mechanism(s) of these effects may be due to increased fetal exposure to
maternal glucocorticoids. We hypothesized that environmental contaminants that
increase maternal corticosterone (CORT) levels would elicit similar effects in offspring. Atrazine, a widely used herbicide, increases CORT in female rats. We exposed pregnant rats to 125 mg/kg/d atrazine, 0.1 mg/kg/d dexamethasone (DEX),
or methyl cellulose vehicle from gestational day 14-20. Offspring were divided into
3 test groups: adult offspring were surgically implanted with radio transmitters for
recording blood pressure (BP), core temperature, heart rate (HR), and activity during and without 1h restraint for 4 d (group 1); body composition was measured by
magnetic resonance (Bruker) to determine percent body fat (group 2); and stress reactivity was measured by determining serum CORT levels prior to, during, and following 1h restraint (group 3). Baseline BP was increased in atrazine and DEXtreated animals, but differences were minimal during restraint. HR and
temperature decreased daily during restraint, suggesting adaptation, but BP was elevated on subsequent days. Body fat was increased and lean mass decreased in
DEX-treated female offspring. Prenatal atrazine treatment altered the adult offspring response to restraint; CORT levels were increased and did not return to control levels 2 h following restraint. These data indicate that exposure to chemicals
that increase maternal CORT levels may lead to similar adult diseases as observed
in maternal stress and undernutrition studies. Disclaimer: This is an abstract of a
proposed presentation and does not necessarily reflect EPA policy.
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HUMAN FETAL TESTIS XENOGRAFTS ARE NOT
SENSITIVE TO PHTHALATE-INDUCED ENDOCRINE
DISRUPTION.

N. Heger1, S. J. Hall1, M. A. Sandrof1, E. V. McDonnell1, E. N. McDowell3,
K. A. Martin3, J. B. Hensley2, K. W. Gaido4, K. J. Johnson3 and K.
Boekelheide1. 1Pathology and Laboratory Medicine, Brown University, Providence,
RI, 2The Hamner Institutes for Health Sciences, Research Triangle Park, NC, 3AI
duPont Hospital for Children, Wilmington, DE and 4US FDA, Rockville, MD.
Recent increases in the incidence of congenital (hypospadias, cryptorchidism) and
adult-onset (testis germ cell cancer, lowered sperm counts) diseases of the male reproductive tract are hypothesized to comprise a testicular dysgenesis syndrome
(TDS). These effects are thought to result, in part, from altered reproductive development in utero, possibly due to exposure to endocrine disrupting chemicals. A rat
model of in utero phthalate exposure recapitulates many TDS features, raising the
concern that exposure to ubiquitous phthalate plasticizers may contribute to TDS.
As epidemiological and in vitro studies have thus far been inconsistent, a rodenthost xenograft bioassay was developed to assess the human fetal testis response to
phthalates. To validate the bioassay, fetal rat or mouse testes were xenografted into
immunodeficient rat or mouse hosts and exposed to di-(n-butyl) phthalate (DBP)
or corn oil control. DBP treatment induced multinucleated germ cell (MNG) formation in both rat and mouse testis xenografts, yet only rats exhibited suppressed
testosterone production, consistent with the intact response. To explore the human
response, human fetal testes were xenografted in a similar paradigm and exposed to
DBP. Human fetal testis xenografts exhibited the same MNG induction observed
with rat and mouse xenografts. Unlike the rat, but similar to the mouse, human
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fetal testes were resistant to phthalate-induced suppression of steroidogenic gene expression across a range of doses. Based on these findings, we conclude that the
human fetal testis is resistant to phthalate-induced androgen suppression, and developmental phthalate exposure is an unlikely contributor to the anti-androgenic
related effects of TDS, namely hypospadias and cryptorchidism.
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EFFECTS OF THE SMOKELESS TOBACCO PRODUCT,
GUTKHA, ON REPRODUCTIVE AND
DEVELOPMENTAL PARAMETERS IN PREGNANT
MICE.

S. P. Doherty-Lyons1, C. Hoffman1, F. Ganey2 and J. T. Zelikoff1.
1Environmental Medicine, New York University School of Medicine, Tuxedo, NY and
2Memorial Sloan-Kettering Cancer Center, New York, NY.
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THE EFFECTS OF ENDOCRINE DISRUPTION ON THE
DEVELOPING HUMAN FETAL PROSTATE.

C. Saffarini, S. J. Hall and K. Boekelheide. Pathology and Laboratory Medicine,
Brown University, Providence, RI.
Prostate cancer is the most commonly diagnosed cancer and is the second highest
cancer-related cause of death in men. This high incidence has led to speculation
about the fetal origins of this adult disease and its etiology. Exposure to exogenous
estrogens in pregnant women has been postulated to disturb the normal development of the human fetal prostate by disrupting the natural hormonal balance.
Previous studies demonstrate that early life exposure to estrogens in rats can cause
some degree of epithelial and stromal hyperplasia, inflammation, and prostatic intraepithelial neoplasia (PIN) lesions. The present study used a xenograft model to
characterize the differentiation of human fetal prostate implants (gestation 12-22
weeks) exposed to either corn oil (control) or 250 ug/kg/body weight of 17β-estradiol 3-benzoate during an early acute exposure, as well as an additional later life exposure post-transplant. This xenograft model uses the renal subcapsular space as the
site of implantation, thereby allowing for proper vascularization and growth of the
implant. Characterization of the model included the expression of key immunohistochemical markers responsible for stromal and epithelial maturation, neuroendocrine cells, hormone receptors, cellular proliferation as well as apoptosis. As expected, the prostate implants grew and matured as seen in 7, 14, 30, 90, 200 and
400 day time-points following xenografting. Interestingly, the human prostate
xenografts exhibited marked differences in response to estrogen exposure compared
to their endogenous rat prostate counterparts. Human prostate xenografts at 200
days post-transplant demonstrate basal cell hyperplasia shown by p63 staining,
while the endogenous rat prostate exhibited atypical hyperplasia and the presence
of cellular debris following estrogen exposure. This unique xenograft model provides insight on the growth and development of the human fetal prostate following
developmental endocrine disruption.

Gutkha, an extremely popular herbal concoction made and sold throughout India,
is exported worldwide. The product, a combination of tobacco, lime, betel nut, flavorings, and catechu, is highly addictive and used by adults and children as a mild
psychoactive drug. To assess the effects of Gutkha usage on gestational, developmental, and neonatal growth parameters, pregnant B6C3F1 mice were exposed
daily to 21 mg of a water-soluble Gutkha solution beginning on gestational day
(GD) 2 until parturition. The main objectives of this study were to: 1) develop an
oral route of Gutkha administration that yielded relevant levels of serum and/or tissue cotinine; and, 2) determine whether Gutkha usage during pregnancy affected
gestational outcomes. Female mice, paired with males for 2-4 nights prior to exposure, were painted with the Gutkha solution using a natural bristle paintbrush to
coat the tongue and oral mucosa. Serum cotinine levels in the dams were measured
weekly and ranged from 24-44 ng/ml. Cotinine was found in the amniotic fluid on
~GD 15 (16-22 ng/ml), and liver cotinine levels on the same GD were ~60% of
those measured in serum (21-22 ng/ml). Dams were weighed daily throughout
pregnancy; offspring were weighed from birth until weaning. Results demonstrated
that Gutkha-exposed dams had a significantly longer duration of gestation than
their control counterparts and gave birth on average 1.6 days later than control
dams (p< 0.05). In contrast, no effects of Gutkha were observed on pregnancy incidence, maternal weight gain, litter size, pup sex ratio, or offspring weight gain. In
conclusion, a pregnant mouse model and relevant route of exposure has been developed for studying the toxic effects of smokeless tobacco. Findings from these studies demonstrate that nicotine, as its longer-lived metabolite cotinine, can reach the
amniotic fluid and thus pose potential health risks to the fetus and/or growing
neonate. Supported by NYU Cancer Institute.
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ALZHEIMER’S DISEASE: TAU AND EARLY LIFE
EXPOSURE TO PB IN PRIMATES.

S. W. Bihaqi and N. H. Zawia. Biomedical and Pharmaceutical Sciences, University
of Rhode island, Kingston, RI.
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GLUTAMATE CYSTEINE LIGASE MODIFIER SUBUNIT
(GCLM) NULL MALE MICE ARE MORE SENSITIVE TO
THE REPRODUCTIVE TOXICITY OF PRENATAL
BENZO(A)PYRENE.

R. Patel1, L. Ortiz1, B. Nakamura1, Y. Hoang1, M. Cortes1, I. Mohar2, L.
McConnachie2, T. Kavanagh2 and U. Luderer1. 1Medicine, University of California
Irvine, Irvine, CA and 2Environmental and Occupational Health Sciences, University
of Washington, Seattle, WA.
Benzo-a-pyrene (BaP), a ubiquitous environmental pollutant, is a testicular toxicant in fetus and adult. The tripeptide glutathione (GSH) is important in Phase II
biotransformation of BaP and a major antioxidant. Mice null for the Gclm subunit
of the rate-limiting enzyme in GSH synthesis, have decreased GSH concentrations.
We hypothesized that male Gclm-/- mice are more sensitive to the in utero reproductive toxicity of BaP than Gclm+/+ males. Female Gclm+/- mice were mated with
Gclm+/- males and were treated orally with 0 or 10 mg/kg/day BaP for Experiment
1 and 0 or 2 mg/kg/day BaP in Experiment 2 from gestational day 7-16. Male offspring were euthanized at 10 wks. In Experiment 1, testis weights, testicular sperm
head counts, epidydmal sperm counts, and epididymal sperm motility were significantly decreased by BaP exposure, and the effects of BaP were significantly greater
in Gclm-/- males than Gclm+/+ males. In Experiment 2, testicular and epididymal
sperm counts were slightly, significantly decreased by prenatal BaP exposure. There
were inconsistent effects of Gclm genotype alone on cauda epididymal sperm
counts and motility, with no effect in Experiment 1 and lower counts and motility
in Gclm-/- males in Experiment 2. Prenatal BaP treatment increased the percentage
of vacuolated seminiferous tubules in a dose-dependent manner. Cauda epidydmal
sperm morphology was assessed in Experiment 2: Percentages of sperm with abnormal heads and cytoplasmic droplets decreased with prenatal BaP exposure, and
Gclm-/- males had increased percentages of sperm with abnormal heads. Serum
testosterone was unaffected. These results show no effects of Gclm deletion alone on
testicular spermatogenesis and inconsistent epididymal effects, but show increased
sensitivity of Gclm-/- males to the transplacental testicular toxicity of BaP.
Supported by NIH AG032087 to UL; ES10849 to TJK; CA062203, ES007032,
ES007033.
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Late onset Alzheimer Disease (LOAD) constitutes the majority of AD cases (~90%)
that have no clear genetic association. The differential susceptibility and course of
illness, as well as the late age onset of the disease suggest that epigenetic and environmental components play a role in its etiology. Published reports from our lab
showed that lead (Pb) exposure occurring during brain development pre-determined the expression and regulation of AD-related genes such as the amyloid precursor protein (APP)later in life, influencing the course of amyloidogenesis and oxidative DNA damage via a process that involved DNA methylation and the
transcription factor Sp1 (Basha et al, 2005; Wu et al., 2008; Bihaqi et al 2011). In
addition to an accumulation of β-amyloid (Aβ), deposition of another protein
called tau in its hyperphosphorylated form is characteristic of the pathology of AD.
Since Sp1 binding sites are present in the promoters of genes of APP as well as in
tau, we hypothesized that early Pb exposure will also predetermine the expression of
tau late in life. To test this hypothesis, we studied the brains of Cynomolgus monkeys, which were orally dosed in 1980-81 with 1.5 mg/kg/day of Pb-acetate from
birth to 400 days of age and vehicle thereafter. The monkeys were sacrificed 23
years later. Here we present data on the protein expression of Tau-46, Phospho tau
(pSer199), cyclin dependent kinase- 5 (cdk5) and P35/P25 in primate cerebral cortex that validate our hypotheses.
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NEONATAL INFLAMMATION CONTRIBUTES TO
FIBROTIC LUNG DISEASE IN ADULT MICE.

L. K. Rogers, R. D. Britt, K. M. Heyob, T. E. Tipple and M. Velten. Center for
Perinatal Research, The Research Institute at Nationwide Children’s Hospital, Ohio
State University, Columbus, OH.
Maternally-derived inflammation contributes to prematurity and low birth weight.
Premature infants often develop respiratory insufficiency and are exposed to hyperoxia which elicits additional inflammatory responses. The long-term pulmonary
consequences of multiple exposures during the neonatal period have not been ex-

tensively explored. In the present study, we tested the hypothesis that exposure to
maternal inflammation and neonatal hyperoxia alters lung physiology in the offspring at adulthood. Pregnant C3H/HeN mice at embryonic day (E)16 were injected with LPS (80 μg/kg) or saline (i.p.). Offspring were placed in room air (RA)
or 85% O2 for 14 d and subsequently raised in RA. Pulmonary function tests
(PFT), microCTs, and histological analyses were performed in the offspring at 8
wks and molecular analyses between E18 and 2 wks of age. PFT indicated decreased compliance and increased elastance in LPS/O2 mice. MicroCTs showed
hyper-expanded lungs including patchy centrilobular areas of emphysema and
higher tissue densities in the LPS/O2 group. Histological analyses revealed decreased alveolar numbers and increased lung collagen I and III protein levels (4and 20-fold greater than control, respectively). In fetal lung tissues, IL-1β, TGF-β,
and collagen I mRNA were increased on E18, following maternal LPS injection.
Elevated levels of TNF-α, MCP-1, TGF-β, collagen I and collagen III mRNA and
protein levels were sustained throughout hyperoxic exposure only in pups born to
LPS injected dams. Early dysregulation of miR-29 expression coincided with
changes in TGFβ expression. In mice, systemic maternal inflammation followed by
neonatal hyperoxic exposure causes fibrotic lung disease in the offspring. These
findings support the novel hypothesis that neonatal exposures contribute to the
pathogenesis of adult pulmonary disease and suggest a need for similar studies in
ex-preterm infants.
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ALTERATIONS IN NEUROBEHAVIOR AND
HIPPOCAMPAL MORPHOLOGY FOLLOWING
DEVELOPMENTAL EXPOSURE TO 3, 3’, 4, 4’TETRACHLOROAZOBENZENE IN SPRAGUE DAWLEY
RATS.

M. Behl1, G. J. Harry2, M. Vallant2, G. S. Travlos2, J. L. Howard3, P. R.
Mouton4, C. J. Price5 and M. J. Hooth2. 1Contractor, NTP/NIEHS, Research
Triangle Park, NC, 2NTP, NIEHS, Research Triangle Park, NC, 3Howard
Associates, Research Triangle Park, NC, 4SRC, Chester, MD and 5RTI International,
Research Triangle Park, NC.
3,3’, 4,4’-Tetrachloroazobenzene (TCAB), a structural analog of TCDD, is formed
as an unwanted by-product in the manufacture of herbicides. The current study
was designed to assess a potential mechanism for TCAB-induced neurotoxic effects
associated with exposure to 0, 0.1, or 1 mg/kg/day TCAB by gavage in rats. Dams
were dosed during gestation through postnatal day (PND) 3 and pups were directly
dosed from PND 4 to 21. At PND 21, a cohort of pups were evaluated in a functional observational battery (FOB), and terminated for neuropathology and plasma
thyroxine (T4) analysis. The remaining pups were allowed to continue undosed
until adulthood when neurobehavior and histological measures were conducted. At
PND 21, there was a dose-related decrease of approximately 19 and 63% relative to
controls in serum T4 levels in the 0.1 and 1mg/kg/day groups, respectively, along
with decreased activity in the open field. Neurohistological staining revealed no evidence of neuronal death, astrocytic hypertrophy, or microglial activation. Unbiased
stereology of the hippocampus revealed a significantly lower regional volume for
the dentate gyrus in TCAB exposed males (by 24% and 20%, respectively) accompanied by lower numbers of CA1 pyramidal neurons (12% in the 0.1 mg/kg
group). In older male offspring, there were no statistically significant treatment-related effects on locomotor activity (~PND 37), pre-pulse inhibition of acoustic
startle (~PND 65), Morris water maze (~PND 91), or delayed non-match-to-position (~PND 122). However, TCAB exposed rats displayed a marginal deficit in
conditioned avoidance (~PND 75). In conclusion, TCAB exposure was associated
with decreased plasma T4 levels accompanied by developmental alterations in the
hippocampus and subsequent marginal deficits in conditioned avoidance.
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A TRANSCRIPTOMICS APPROACH USING HBCD TO
PRIORITIZE CHEMICALS AND MIXTURES FOR
DEVELOPMENTAL NEUROTOXICITY RISK
ASSESSMENT.

D. T. Szabo1, R. R. Shah2 and L. S. Birnbaum3. 1US EPA/ORISE, Washington,
DC, 2SRA, Research Triangle Park, NC and 3NIEHS, Research Triangle Park, NC.
Omics presents a promising tool to identify mechanistic pathways associated with
developmental neurotoxicity (DNT), with which to prioritize chemicals/mixtures
with limited toxicity data. This approach can be used to unmask low-dose toxicity
not assessable by conventional testing, identify vulnerable developmental periods,
test across species, and validate high throughput in vitro assays. Using this approach, we evaluated short-term disruptions to the developmental profile of genes
in the hippocampus, a brain region involved in learning and memory, after exposure to hexabromocyclododecane (HBCD). HBCD is a flame-retardant mixture of
3 isomers (α, β, γ); γ dominates the mixture while α dominates in human
blood/breast milk. In mice, infantile exposure to HBCD disrupts adult neurobe-

havioral function. Using a similar model, we examined hippocampal gene transcript changes 4 days after an acute exposure on postnatal day 10 to the mixture, α,
or γ. Transcriptomic profiles differed between α, γ, and the mixture (p-value <0.05
and fold change >1.5). α had the most robust changes in gene expression number,
magnitude, and enrichment of canonical signaling pathways (α, 38; mixture, 18;
and γ, 11 pathways). A top Ingenuity pathway identified as altered by all exposures
was long-term potentiation, (α, p=0.002; mixture, p=0.03; and γ, p=0.04), with an
overall depression/delay in function. These data suggest developmental exposure to
HBCD can alter the timing and possible structure of synaptogenesis, underlying
the previously reported deficits in learning and memory. The different profiles generated with each compound suggest the necessity to assess the effects from the isomers as well as the mixture. We demonstrate the utility of an omics strategy to capture information on various aspects of brain development that can be altered with
environmental exposures and to provide focus for further studies in determining
possible modes of action. Disclaimer: Views are of the authors and do not necessarily represent views and/or policies of US EPA or NCI/NIEHS.
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PRENATAL CIGARETTE SMOKE EXPOSURE
REPRODUCES FEATURES OF ADHD.

C. Yochum1, S. Doherty-Lyon2, J. T. Zelikoff2, C. Hoffman2 and J. R.
Richardson1. 1Environmental and Occupational Medicine, Robert Wood Johnson
Medical School, Piscataway, NJ and 2Nelson Institute of Environmental Medicine,
New York University, Tuxedo, NY.
Attention-deficit hyperactivity disorder (ADHD) is a complex disorder with significant genetic contributions and numerous co-morbid conditions such as conduct
disorder and oppositional defiant disorder. However, no single gene has been linked
to a significant percentage of cases, suggesting that environmental factors or geneenvironment interactions may contribute to ADHD. Of the few environmental
factors that have been found in epidemiological studies to increase risk of ADHD,
maternal smoking has been the most extensively studied. However, the mechanism(s) by which maternal smoking leads to increased risk of ADHD are not clear.
Here, we utilized an animal model of maternal smoking to determine the effects of
prenatal cigarette smoke (CS) exposure on neurobehavioral development. Pregnant
B6C3F1 mice were exposed whole body to either filtered air or mainstream CS
from gestation day (GD) 4 to parturition. Exposures were conducted 4 hr/d and 5
d/wk, with each exposure producing the equivalent of smoking <1 pack of cigarettes per day. Pups were weaned at postnatal day (PND) 21 and behavior assessed
on PND30 and again at 6 months of age. Male, but not female, offspring of CS-exposed dams demonstrated a significant increase in locomotor activity (~40%) that
was ameliorated by methylphenidate treatment. Additionally, male offspring exhibited increased aggression, as evidenced by a 125% increase in the number of fights
in a resident intruder task. These behavioral abnormalities were accompanied by a
37% decrease in striatal dopamine and a 46% reduction in brain-derived neurotrophic factor (BDNF) mRNA. Taken in concert, these data demonstrate that
prenatal exposure to CS produces neurobehavioral alterations in mice that are similar to those observed in epidemiological studies and suggest a role for dopaminergic and neurotrophin alterations in these effects.
Supported in part by R01ES015991; ES005002; IFSH; ES000260
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PRENATAL TCDD AND POSTNATAL LUPUS IN EARLY
GERIATRIC C57BL/6 MICE.

S. D. Holladay, A. Mustafa, E. Karpuzoglu and R. M. Gogal. Department of
Anatomy and Radiology, University of Georgia, Athens, GA.
We recently reported an autoimmune profile in 24-week-old C57BL/6 mice that
received a 2.5 or 5.0 μg/kg mid-gestation dose of 2,3,7,8-tetrachlorodibenzo-pdioxin (TCDD). Clinical signs were consistent with a lupus-like syndrome and included: increased autoantibody levels, renal IgG and C3 immune complex deposition with associated inflammation, and increased peripheral Vβ+ T cells. No
studies currently exist following the progression of such disease into middle or advanced ages, when human autoimmune diseases may manifest. Therefore in the
present study, littermates of mice from the previous 24 week prenatal TCDD study
were allowed to age to 48 weeks, considered early geriatric in mice. Similarities and
differences in the disease profile based on age and sex were observed. Peripheral autoreactive Vβ+ T cells were increased in both sexes at 48 weeks, in contrast to males
only at 24 weeks. Activated T cells from 48-week-old prenatal TCDD females overproduced the pro-inflammatory cytokine IFN-γ while males over-produced IL-10,
effects again not seen at 24 weeks. Splenic transitional-2 B cells (CD21intCD24hi)
were increased in males while transitional-1 B cells (CD23neg CD1neg) were increased in females at 48 weeks. Autoantibodies to cardiolipin and CD138+ spleen
plasma cells were significantly increased in the aged males but not females. AntiIgG and anti-C3 immune complex renal deposition were also significantly increased in the prenatal TCDD males but not females. These selective changes in the
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aged male mice may be noteworthy, in that the prevalence of SLE in humans shifts
dramatically toward males with aging. The collective findings suggest that prenatal
TCDD permanently biases the postnatal immune response in aged C57BL/6 mice
toward a sustained autoimmunity.

482

IMPACT OF EARLY LIFE BPA ON MURINE CARDIAC
STRUCTURE/FUNCTION.

L. Chalifour and B. Patel. Lady Davis Institute, Montreal, QC, Canada.
Rationale: Bisphenol A (BPA), an endocrine disruptor used in the plastics industry,
leaches out into the environment. Adult exposure is about 0.5μg/kg/day with exposure in children about 10-fold higher. BPA can bind to estrogen receptors known to
be present in fetal cardiomyocytes. We propose that BPA epigenetically reprogrammes early cardiac development to alter cardiac structure/function, DNA
methylation and expression of proteins involved in calcium homeostasis.
Methods: BPA (BPA 0.5, 5, 200μg/kg/day) or vehicle (VEH) was given orally to
pregnant C57bl/6n mice starting on gestation day 11. BPA200 pups received regular water at weaning. Cardiac function was measured by tail cuff blood pressure,
echocardiography and electrocardiography. Physical parameters were measured
monthly until 4M. Organ weights were collected at euthanasia. Protein expression
was measured by immunoblotting.
Results: We report the impact of BPA on adult male progeny. Prostate, but not
testes or seminal vesicle, weight was 1.5-fold increased in BPA5.0 mice. Kidney and
abdominal fat was 2-fold increased in BPA5.0 mice. BPA200 had reduced blood
pressure suggesting some hypotension. BPA5 had a longer PR interval suggesting a
reduction in atria function. Echocardiography showed an increase in relative wall
thickness in all BPA treated males suggesting cardiac hypertrophy. Fractional shortening, Vcf, pulmonary and ascending aorta VTI and cardiac output were similar
suggesting no impact on ventricle function. SERCA2a and CASQ2 were increased
>2-fold with no change in PLB or phosphorylated PLB at all BPA doses suggesting
an increased ability to restore calcium and store calcium in the SER. PLB, LTCC,
NCX1 expression was unaffected. DNMT3a was 2-fold increased at all BPA doses
and DNMT3b was reduced suggesting altered DNA methylation activity.
Conclusions: Differences observed in cardiac function enable us to conclude that
early life exposure to BPA, at BPA levels similar to those of childhood exposure, alters cardiac structure/function as well as cardiac gene expression in adult progeny,
likely via changes in DNA methylation.
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ENHANCEMENT OF PROLIFERATION IN A RAT
HEPATOCYTE COCULTURE MODEL AFTER
MITOGENIC STIMULATION.

S. D. Hester1, M. A. McVay2, O. Adefuye3, A. Tennant4 and S. Khetani5.
1Systems Biology Branch, US EPA, Durham, NC, 2Research Development, Hepregen
Corporation, Boston, MA, 3Systems Biology Branch, US EPA, Durham, NC,
4Genetic & Cellular Toxicology Branch, US EPA, Durham, NC and 5Research
Development, Hepregen Corp., Boston, MA.
Primary mouse and rat hepatocyte cultures have long been the gold standard for assessment of cellular changes following chemical exposure. While helpful for assessing proliferative and responses in vitro, these cultures are limited to 1 or 2 days of
incubation. Our motivation was to test whether extending the culture time beyond
3 days using micropatterned primary rat cultures coupled with quantitative high
content imaging (HCI) technology could provide a more accurate assessment of the
cell proliferative response after mitogenic stimulation. The HepatoPac® 96-well
coculture system, utilizes primary Sprague-Dawley hepatocytes seeded on micropatterned islands of collagen, surrounded by non-parenchymal murine fibroblasts. Following 8 days of stabilization, HepatoPac® cultures were incubated for 3,
5, and 7 days in serum-free media containing three mitogenic concentrations of
Wyeth 14, 643 (WY) and Phenobarbital (PB) followed by parallel imaging analysis
at 2 laboratories for Ki67 signal (a proliferation marker present in G1, S, G2, and
mitosis, but not in G0). PB results showed an enhancement of Ki67 signal reported
as % of control: 153%, 146%, and 83% at 3, 5, and 7 d respectively. WY results
showed a similar trend: 140%, 108%, and 111% at 3, 5, and 7 d respectively. These
results show an improvement of proliferative response with this hepatocyte model
when compared to previous experiments using mono-layered primary rat cultures
that produced a 5-10% hepatocyte proliferative response when held for 48hrs.
These experiments suggest that the cellular environment & extended incubation
capacity provided in the micropatterned cultures is a useful feature when testing
compounds for mitogenic activity. (This abstract does not reflect US EPA policy
and mention of trade names is not an endorsement for any product).
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USE OF THE HEPARG CELL LINE TO ASSESS
POTENTIAL HUMAN HEPATOTOXICITY OF TOXCAST
CHEMICALS.

G. Nelson1, M. Mennecozzi2, G. Harris2, H. Ren1, W. Ward1, I. Shah1, J.
Allen1, M. Whelan2 and C. Corton1. 1US EPA, Research Triangle Park, NC and
2JRC, Ispra, Italy.
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PREDICTION OF DRUG-INDUCED LIVER INJURY BY
HIGH-CONTENT ANALYSIS SYSTEM USING HEPG2
CELLS: DETECTION OF REACTIVE OXYGEN SPECIES.

K. Yoshikawa, M. Ando, C. Aruga and Y. Iwase. Safety Research Laboratories,
Mitsubishi Tanabe Pharma Corporation, Kisarazu, Chiba, Japan. Sponsor: J.
Shinozuka.
Drug-induced liver injury (DILI) is a major reason for drug withdrawals from the
market. It has been demonstrated that reactive oxygen species (ROS) are one of the
primary causes of DILI. In this study, we examined the production of ROS (superoxide and peroxide) to predict DILI using a high content analysis system, namely, a
high-throughput cell-based assay consisting of fluorescence microscopy and imaging data informatics. HepG2 cells from a human hepatoma cell line were seeded
onto a 384-well plate and treated with test compounds for 1, 3, and 24 hr, and then
triple-stained with dihydroethidium, CM-H2DCFDA, and Hoechst 33342 for detection of superoxide, peroxide, and cell loss, respectively. Then, the cells were analyzed by ArrayScan VTI and minimum effective concentrations for ROS production were calculated. At first, 7 compounds that induced oxidative stress were used
to decide criteria for judgment in the multiplexed assay. Four of 7 compounds, hydrogen peroxide, menadione, L-buthionine sulfoximine, and bleomycin, induced
superoxide and/or peroxide at non-cytotoxic concentrations after 1, 3, and/or 24
hr-treatment. The remaining 3 compounds, mitomycin C, doxorubicin, and gentamicin, failed to detect superoxide and peroxide up to cytotoxic concentrations
after 24 hr-treatment in HepG2 cells. Secondly, 9 hepatotoxicants and 6 non-hepatotoxicants were tested to investigate the utility of the multiplexed assay as a screening system for hepatotoxic potential. As a result, all 9 hepatotoxicants induced superoxide and/or peroxide at non-cytotoxic concentrations (sensitivity = 100%), and
4 of 6 non-hepatotoxicants did not induce superoxide and peroxide up to cytotoxic
concentrations (specificity = 66.7%). ROS production pattern, species and reactive
time-points were revealed to be unique in some compounds. It is concluded that
this high throughput multiplexed assay is a powerful tool to predict the DILI potential in the early phase of drug discovery.
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The HepaRG cell line is a promising model system for predicting human hepatotoxicity in part because of the greater capacity to metabolize chemicals compared to
other hepatocyte models. We hypothesized that this cell line would be a relevant
model for toxicity testing of industrial chemicals. Gene expression profiles were
used to predict changes in xenobiotic-activated transcription factors.
Approximately 20 chemicals that have been evaluated in high throughput assays as
part of the ToxCast screening program are under investigation. Initial studies examined the gene expression response to the fungicide vinclozolin, a rodent liver carcinogen. Three separate preparations of differentiated HepaRG cells were exposed
for 72 hr with either DMSO or one of six concentrations of vinclozolin ranging
from 7.8-250 uM. RNA expression was analyzed using Illumina Human HT-12v4
bead chips. The gene expression data were normalized by Illumina GenomeStudio,
and differentially expressed genes were identified by CyberT. The doses of 250, 125
and 63 uM resulted in 404, 258, and 65 genes altered, respectively. No genes were
significantly altered at doses below 63 uM. Ingenuity Pathways Analysis (IPA) indicated that a number of pathways were altered including metabolism of
androgen/estrogen, xenobiotics and fatty acids. Genes associated with dose-dependent AHR (CYP1A1, CYP1A2, CYP1B1) and PPARalpha (ACADM,
ACADVL, CPT1A, ECH1) activation were identified. These findings overlap with
changes observed after vinclozolin exposure in cell models as part of the ToxCast
screening program including HepG2 transcription factor screening and nuclear receptor marker gene evaluation in human primary hepatocytes. Future research
with additional ToxCast chemicals will allow more comprehensive baseline characterization of the HepaRG model and help to elucidate mode of action. (This abstract does not reflect EPA policy).
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A MULTIPLEX, AUTOMATED APPROACH TO SCREEN
FOR MITOTOXICITY IN HUMAN HEPATOCYTES AND
HEPG2 CELLS.

T. Moeller1, T. Worzella2 and B. Larson3. 1Celsis In Vitro Technologies, Halethorpe,
MD, 2Promega Corporation, Madison, WI and 3Biotek, Winooski, VT. Sponsor: M.
Xia.
Many drugs and environmental chemicals have been implicated in mitochondrial
toxicity resulting in myopathies, hepatotoxicities, peripheral neuropathies and cardiovascular disorders. The mechanisms of mitotoxicities are complex due to multiple modes of action such as modulating mitochondrial replication and disruption
of electron chain transport, and by organ-specific susceptibility. For example, the
mitotoxin propionate preferentially targets the liver over muscle due to metabolic
activation in hepatocytes. Therefore, multiple approaches are needed to assess a
chemical’s mitochondrial liabilities in specific cellular systems. Herein, we present
one approach to utilize two markers of cellular viability in an automated multiplexed format for high-throughput screening to monitor hepatotoxicity that can
discriminate primary mitotoxicity from general cytotoxicity. Primary human hepatocytes and HepG2 cells were used in a 384-well suspension culture format in
serum-free, glucose-free galacatose-containing medium for up to 6 hour exposure
with cytotoxins in an 11-point response curve. ATP Detection Reagent and
Cytotoxicity Reagent were used to measure ATP levels and cell membrane integrity,
respectively. A mitotoxic effect was defined as a reduction of ATP relative to untreated control, with no or minor changes in cell membrane integrity. CCCP and
antimycin were used as model compounds to disrupt mitochondrial activity.
Digitonin cytotoxicity was caused by solublizing the cell membrane, resulting in
decreased ATP and loss of cell membrane integrity. Staurosporine and tamoxifen
were also used as cytotoxins to validate the system. Similar results were observed between HepG2 and human hepatocytes except for antimycin where a Crabtree effect
was implicated for the difference in its potency. In summary, the multiplex system
provided a robust and informative platform to screen drugs and chemicals for hepatic mitotoxicity by measuring ATP and cell membrane integrity.
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G. Benedetti, L. Fredriksson, B. Herpers, H. de Bont, M. de Graauw and B.
van de Water. Toxicology, Leiden University, Leiden/Amsterdam Center for Drug
Research, Leiden, Netherlands.
Drug-induced liver injuries (DILIs) are the leading cause of acute liver failure. DILI
often involves a synergy between chemical-induced cell injury stress and immunemediated cytokine signaling responses. So far the underlying signaling mechanisms
in this interaction are unknown. We therefore applied a siRNA screening approach
targeting all kinases and (de)-ubiquitinases as well as cytokine signaling components. As a model we used diclofenac, a clinical relevant drug that can cause idiosyncratic DILI. Diclofenac-induced cell death of HepG2 cells is enhanced by the
cytokine TNF-α and related to perturbation of the anti-apoptotic NF-κB pathway
and activation of the pro-apoptotic caspase-8 pathway. Here we used a highthroughput siRNA screening approach to identify key signaling players in diclofenac/TNF-α-induced HepG2 cell death. HepG2 cells were transfected with
Dharmacon smartpool siRNAs and thereafter treated with diclofenac for 8 hours
followed by TNF-α challenge for 16 hours in the presence of annexin V-Alexa633.
Cell death was assessed by measuring the relative annexin V fluorescence intensity
per cell area at 8 and at 24 hours. In total, 1596 genes were targeted. After automated image analysis 94 hits were selected with a Z-score cut-off of 2.0. The hits
include those that increase or decrease diclofenac/TNF-α-induced cell death after
24h, that increase cell death induced by diclofenac alone at 8 hours, and knockdowns that cause cell death by TNF-α exposure at 24 hours. A deconvolution
screen was then performed using 4 single siRNAs per target gene by our live apoptosis assay to assess the previously identified hits. This screen revealed key signaling
molecules that define the sensitivity for diclofenac-induced hepatocyte killing.
These genes are likely candidates in the predisposition for DILI in the patient population.
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AN IMAGING-BASED RNA-INTERFERENCE SCREEN
IDENTIFIES MODULATORS OF TNF-MEDIATED NFκB SIGNALING IN DRUG-INDUCED LIVER INJURY.

B. van de Water, B. Herpers, L. Fredriksson, G. Benedetti, Z. Di, M. de
Graauw and J. Meerman. Leiden/Amsterdam Center for Drug Research, Leiden
University, Leiden, Netherlands.
Tumor necrosis factor-α (TNFα) is a cytokine that plays a dual role in the liver:
TNFα can induce hepatocyte proliferation and liver regeneration, but it also affects
cell death. TNFα has been implicated in various liver diseases as well as in drug-induced liver injuries (DILIs). Thus, TNFα signaling enhances the diclofenac-induced cell killing of hepatocytes. The protective effect of TNFα is mediated by the
timely nuclear translocation of NF-κB to activate its target gene transcription.
Diclofenac negatively affects the frequency and amplitude of NF-κB oscillation in
liver cells, thereby promoting synergistic pro-apoptotic responses. Here we performed a functional genomics screen to identify kinases and (de)-ubiquitinases that
are involved in the deregulation of the TNFα-induced NF-κB oscillatory responses
caused by diclofenac. We used HepG2 cells expressing GFP-tagged p65/RelA (NFκB subunit) in 96-well plates under control and drug-treatment (diclofenac) conditions and followed the GFP-p65 oscillation of ~200 cells per well for 6 hr using automated confocal laser scanning microscopy. The cell-specific NF-κB responses
within a knockdown population were mapped by automated ImageJ-based algorithms. This work firstly uncovered distinct cell behaviors and population dynamics in the context of hepatotoxicant treatment in association with increased sensitivity towards apoptosis. Using a robust statistical analysis including several
parameters, we selected 127 hits out of the 1596 genes screened. A validation deconvolution screen was then performed to confirm the functional role of the identified kinases and (de)ubiquitinases controlling the NF-κB response. Pathway
analysis of the hits identified indicates that the activity of the NF-κB response is intricately linked to various stress responses, which, upon drug toxicity conditions,
modulate the activity of the protective abilities of the NF-κB response. The identified candidate genes may play a critical role in modulating DILI responses.

AN RNA INTERFERENCE-BASED SCREENING
IDENTIFIES THE SIGNALING NETWORK THAT
DETERMINES DICLOFENAC-INDUCED LIVER CELL
DEATH.

A HIGH-CONTENT IMAGING-BASED IN VITRO 3D
MODEL FOR ASSESSMENT OF DRUG-INDUCED
LIVER INJURY.

S. Ramaiahgari1, B. Herpers1, J. Commandeur2, B. Van de Water1 and L. Price1.
1Department of Toxicology, Leiden University, Leiden, Netherlands and 2Department
of Molecular Toxicology, Vrije University, Amsterdam, Netherlands.
We have developed a 3D HepG2 cell culture model for the assessment of hepatoxicity. HepG2 cell-based monolayer models are widely used for studying liver toxicity
of xenobiotics. It is well anticipated that under these conditions HepG2 cells have
low expression of metabolic enzymes and drug transporters, which will compromise
the validity of high-throughput safety assessment studies using these cells. Here we
describe a 3D in vitro model using HepG2 cells. This model induces robust morphological and functional differentiation, with a strong induction of metabolic enzymes and transporters, many of which are poorly expressed in monolayer cultures.
Unlike primary hepatocytes in 2D culture, the metabolic competence of HepG2 in
3D could be retained for up to 4 weeks, making chronic exposures feasible. The
assay we have developed is implemented in a 384 well format for low cost and increased throughput. We combine conventional toxicity readouts with automated
high-content imaging to measure expression of fluorescent stress reporters, such as
KEAP1/Nrf2 activation, combined with other fluorescent labels for cell toxicity.
This assay represents a novel and more physiologically relevant method for predicting drug-induced liver injury.
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TOXICITY PATHWAY ANALYSIS OF HEPATOXIC
COMPOUNDS IN PRIMARY HUMAN HEPATOCYTES
IN 2D AND 3D-CULTURE.

S. Messner1, P. Walker4, E. Lorbach3, H. Woodhouse4, H. Gill4, J. Kelm1, J.
Lichtenberg1, H. Hartmann3, W. Moritz1 and K. Tsaioun3, 2. 1InSphero, Zurich,
Switzerland, 2Apredica, Watertown, MA, 3Lonza, Cologne, Germany and 4Cyprotex,
Macclesfield, United Kingdom.
Hepatotoxicity is the most common reason for a drug to be withdrawn from the
market and the most common cause of drug attrition. Since it is increasingly important to identify hepatotoxic liabilities earlier in drug discovery, in vitro evaluation screening systems play an important role in the early phase of pharmaceutical
development. They are also important to clarify the mechanisms of toxicity observed during development.
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In this study we describe the suitability of human hepatocytes in 2D- and 3D-configuration for lead optimization screening. The scaffold-free 3D liver microtissues
are produced by gravity-enforced self-assembly in hanging drops. They are composed of primary human hepatocytes in coculture with nonparenchymal cells, including Kupffer macrophages. This highly organotypic culture is characterized by
extensive cell-cell contacts, distinct morphology between cell-types and higher hepatocyte functionality than in 2D-cultures. Since liver microtissues are also stable
and viable over several weeks in culture, this allows chronic repeat dose exposures to
analyse potential hepatotoxic liabilities.
Due to uniform production and standardisation of the microtissue highly reproducible data is generated.
Here it is shown for the first time, that liver microtissues are suitable for compound
screening. Known compounds that result in bioactivation, mitochondrial impairment, steatosis and oxidative stress are assessed using a range of biomarkers including ATP content, GSH depletion and lipid accumulation.
Many new in vitro cell models are being created to help understand and improve
our ability to predict hepatotoxicity early in the drug discovery process; we show
the potential of human hepatocyte microtissues as a promising alternative to 2D
cultures.
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ASSESSMENT OF LIVER TOXICITY USING HIGHCONTENT HISTOLOGY OF ZEBRAFISH LARVAE.

H. Diekmann, A. Dodd, A. Cracknell, O. Murphy, M. Jones and A. Hill.
Evotec, Abingdon, United Kingdom.
In recent years, zebrafish larvae have emerged as an exciting and predictive in vivo
platform for assessing toxic liabilities of compounds in the drug development
process. These assays often rely on relatively simple morphological or behavioural
readouts to allow a medium to high-throughput for screening. Although these readouts are predictive for identifying toxic compounds, in order to realise the full value
of this platform, high-content technologies can be applied to help understand the
underlying pathology-induced after toxic insult. Evotec has developed a medium
throughput, semi-automated histology platform capable of simultaneously capturing full-body histological sections from up to 50 zebrafish larvae. This approach offers the opportunity to integrate diverse histological endpoints into the established
zebrafish screening assays. In this study, 12 compounds with known hepatotoxic liabilities such as isoniazid, carbamazepine, amiodarone, nefazodone and troglitazone, were assessed using a combined phenotypic and histological screening approach. Zebrafish larvae were treated for 48hr with up to five concentrations of
compound alongside a vehicle control, scored visually for liver abnormalities and
sectioned using the histology array. Liver tissue in sequential sections was assessed
for morphological alterations (H&E stain), glycogen levels (periodic acid-Schiff
stain) and fibrosis (trichrome stain). For some compounds (e.g., nefazodone), histological alterations were only detected at concentrations that had been scored for
hepatotoxicity in the phenotypic screen. Other compounds, such as isoniazid and
carbamazapine, showed histological abnormalities at lower concentrations compared to the phenotypic analysis. Zebrafish histology may therefore enable more
subtle detection and delineation between different mechanisms of liver toxicity.
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TOXICOGENOMICS STUDY OF THE HEPATOXICITY
OF DOGS IN RESPONSE TO 4-WEEK REPEATED
EXPOSURE TO ACETAMINOPHEN AND DICLOFENAC.

H. Han1, J. Cho1, B. Lee1, S. Park1, H. Park1, Y. Kim1, S. Park2, M. J. Kim2,
S. Cha1, M. Kwon1 and S. Yoon1. 1Korea Institute of Toxocology, Daejeon, Republic
of Korea and 2PWG Genetics Pte Ltd., Singapore, Singapore. Sponsor: W. Koh.
Dogs are widely accepted non-rodent model, but tend to show over sensitivity to
many drugs especially NSAIDs. In this study we tried to find molecular events after
administration of an NSAID, diclofenac (DCF) in beagle dogs. Acetaminophen
(APAP), a non-NSAID analgesic also known for dog over sensitivity, was selected
for comparison. Fifteen male dogs were divided into five groups, 2 APAP and 2
DCF treatment groups, and one vehicle control. The dose levels selected based on
the preliminary 2-week study were 50, 150 mg/kg/day for APAP and 1, 3
mg/kg/day for DCF. All high dose DCF animals showed decrease in food consumption, vomiting, soft feces, and decrease in body weight. Hematological
changes including increase in white blood cell count, platelet count and reticulocyte percentage and decrease in red blood cell count, hemoglobin and hematocrit
were also observed. Clinical chemistry data showed decreases in total protein, albumin, alanine aminotransferase, total bilirubin and alkaline phosphatase in all DCF
groups. APAP groups tolerated the doses without noteworthy changes in clinical
parameters. We performed microarray analysis using Affymetrix Canine 2.0
GeneChip and investigated altered gene expression for hepatotoxic effects of APAP
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and DCF in dogs, followed by Ingenuity Pathway Analysis . The deregulated genes
by APAP administration involved more diverse hepatotoxic mechanisms compared
to DCF. High dose DCF caused severe alterations in the hepatic gene expression.
However, the majority of deregulated genes by DCF and APAP administration
shared common toxicological functions in canine liver. In all experimental groups,
APAP and DCF mainly deregulated genes involved in hepatocellular carcinoma,
hepatocellular peroxisome proliferation, liver damage, and liver steatosis.
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ASSESSMENT OF A MICROPATTERNED HEPATOCYTE
COCULTURE SYSTEM TO DETECT COMPOUNDS
THAT CAUSE DRUG-INDUCED LIVER INJURY IN
HUMANS.

S. Khetani2, C. Kanchagar2, M. Aleo1 and Y. Will1. 1Compound Safety Prediction,
Pfizer Global Research & Development, Groton, CT and 2Hepregen Corporation,
Medford, MA.
Liver Injury remains a major reason for late stage drug attrition. Therefore the pharmaceutical industry aims at developing predictive assays that can be deployed early
in the drug discovery process when SAR approaches are still feasible. Xu at al., 2008
have shown that drug induced liver injury can be predicted to some extent using
primary human hepatocytes in sandwich cultures and high content imaging of key
cell injury endpoints (i.e. mitochondrial membrane potential, reactive oxygen
species, lipid accumulation and nuclear stain). The sensitivity of this assay was approximately 50% with a 0-5% false positive rate. While high content imaging using
sandwich cultures represents a key advance in the field, the sensitivity of the assay
needs to be further improved. One can hypothesize that the low sensitivity could be
due to the fact that the assay was only performed at 24 hours and that longer incubation with compounds could improve outcomes. However, the requirement
would be that the hepatocyte culture would stay viable and metabolically competent for an extended period of time. In addition, full phase I and II enzymes should
be expressed at levels comparable to those found in vivo and transporters should be
functional. Here, we use micropatterned human hepatocyte cocultures (Khetani
and Bhatia, Nature Biotechnology 2008), also called HepatoPac™, to detect drug
induced liver injury for compounds that were previously missed utilizing the Xu
assay. We show that in comparison to conventional sandwich cultures, HepatoPac
was able to accurately identify 10 toxic compounds (True Positives) without increasing the false positive rate for truly negative compounds. In addition,
HepatoPac was able to identify 14 of 25 toxic compounds that were missed previously in the Xu assay and reported as false negatives. In summary, this method
shows superiority over the conventional sandwich culture method.
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THE EFFECT OF TAURINE ON ETHANOL-INDUCED
OXIDATIVE STRESS IN THE PRESENCE AND ABSENCE
OF INHIBITORS OF ETHANOL METABOLISM.

M. C. Parikh and C. A. Lau-Cam. Pharmaceutical Sciences, St. John’s University,
Jamaica, NY.
The ability of the β-amino acid taurine (TAU) to modify oxidative stress stemming
from an acute exposure to ethanol (EtOH) in the presence and absence of the alcohol dehydrogenase inhibitor 4-methylpyrazole (4MP) and aldehyde dehydrogenase
inhibitor cyanamide (CYN), was examined in male Sprague-Dawley rats (225-250
g, n = 6),which were treated with (a) physiological saline, (b) EtOH (4 g/kg, p.o.),
(c) TAU (1.2 mmol/kg, i.p., 30 min and 60 min before EtOH), (d) CYN (60
mg/kg, i.p.) 60 min before EtOH, (e) 4MP (75 mg/kg, i.p.) 30 min before EtOH,
(f ) TAU + CYN or (g) TAU + 4MP. At 1 hr after EtOH treatment, the animals were
anesthetized with isoflurane and their blood and livers were collected by cardiac
puncture and the freeze-clamping technique, respectively. Plasma samples and liver
homogenates, made in PBS pH 7.4, were assayed for malondialdehyde (MDA), reduced glutathione (GSH) and glutathione disulfide (GSSG) contents, and for catalase (CAT), glutathione peroxidase (GPx) and superoxide dismutase (SOD) activities. EtOH elevated the plasma and liver contents of MDA and lowered the
GSH/GSSG ratios and activities of CAT, GPx and SOD relative to corresponding
control values (all at p≤0.01). A pretreatment with 4MP abolished MDA formation
and one with CYN attenuated MDA formation both in plasma and liver samples
due to an exposure to EtOH. Under identical conditions, 4MP had an attenuating
effect and CYN an accentuating effect on the decrease in GSH/GSSG ratio caused
by EtOH in the plasma and liver. Both 4MP and CYN attenuated the lowering effect of EtOH on antioxidant enzymes activities, with 4MP being more potent than
CYN. By itself or in combination with 4MP or CYN, TAU attenuated the actions
of EtOH in all plasma and liver parameters of oxidative stress examined. These re-

sults suggest that oxidative stress by EtOH is highly dependent on EtOH metabolism beyond acetaldehyde, and that it can be counteracted by TAU, at least in part,
through an effect downstream of acetaldehyde.
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INHIBITION OF THE HEPATIC BILE ACID
TRANSPORTER MRP4: A POTENTIAL RISK FACTOR
FOR CHOLESTATIC DRUG-INDUCED LIVER INJURY.

K. Koeck, B. C. Ferslew, K. Yang and K. L. Brouwer. University of North
Carolina Eshelman School of Pharmacy, University of North Carolina at Chapel Hill,
Chapel Hill, NC.
Inhibition of the bile salt export pump (BSEP) leading to increased hepatocellular
concentrations of bile acids has been proposed to contribute to the development of
drug-induced liver injury (DILI). MRP4 is responsible for the hepatic basolateral
efflux of xenobiotics and bile acids, especially when biliary excretion of bile acids is
compromised. Inhibition of MRP4 function may result in accumulation of toxic
species and deleterious consequences. In the present study, inhibition of MRP4mediated transport by cholestatic and non-cholestatic compounds was investigated
to obtain further insights into potential risk factors for DILI. Membrane vesicles
prepared from HEK293T cells transfected with human MRP4 or empty vector
were used to determine the inhibitory effect of test compounds at 100 μM on
MRP4-mediated uptake of the probe substrate 3H-dehydroepiandrosteronesulfate
(DHEAS; 2 μM) in the presence of ATP and glutathione. Test compounds consisted of 16 cholestatic (4 BSEP inhibitors; 12 non-BSEP inhibitors) and 15 noncholestatic (4 BSEP inhibitors; 11 non-BSEP inhibitors) drugs. Test compounds
that inhibited MRP4-mediated DHEAS transport >30% were defined as MRP4
inhibitors. A χ2-test was used to determine whether MRP4 inhibition was related
to the cholestatic properties of the test compounds. Inhibition of MRP4-mediated
DHEAS transport was observed for 12/31 compounds (39%); 9/16 compounds associated with cholestatic liver injury or jaundice in humans (56%), but only 3/15
non-cholestatic compounds (20%), inhibited MRP4 (p<0.05). BSEP inhibition is
a known susceptibility factor for DILI.1 Therefore, compounds that were not BSEP
inhibitors were analyzed further: 6/12 cholestatic compounds (50%), but only 1/11
(9%) non-cholestatic compounds inhibited MRP4 (p<0.05). These results suggest
that inhibition of MRP4 might result in hepatic accumulation of toxic compounds
and contribute to the development of cholestatic DILI. 1 Morgan et al., Toxicol Sci.,
2010 Dec; 118(2):485-500. Supported by NIH GM41935 and DFG Ko4186/1-1.
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POTENTIAL ROLE OF FASL EXPRESSION AND
SIGNALING IN THE INDUCTION OF
HEPATOTOXICITY BY AZT.

H. Donde1, S. Ghare1, W. Chen1, S. Joshi-Barve1, C. McClain1, 2, 3 and S.
Barve1, 2. 1Department of Medicine/GI, University of Louisville, Louisville, KY,
2Pharmacology and Toxicology, University of Louisville, Louisville, KY and 3Louisville
VAMC, Louisville, KY.
The introduction of Highly Active Antiretroviral Therapy (HAART) in the mid1990s has led to a significant increase in the life expectancy of patients with HIV.
However, hepatoxicity due to HAART is also common, and up to 30% of patients
on HAART experience World Health Organization grade 3 liver enzyme elevations.
Furthermore, hepatoxicity from antiretroviral drugs leads to adverse patient outcomes either from fulminant hepatic failure, or more commonly, AIDS following
discontinuation of HAART. Hence it is highly relevant to understand the underlying mechanisms in HAART induced hepatotoxicity that could lead to the development of potential therapeutic approaches.
The potential mechanisms involved in HAART induced hepatotoxicity were studied by analyzing the effect of AZT (3’-azido-3’-deoxythymidine - Zidovudine) on
the hepatoma cell line - HepG2. Initially, effect of AZT on HepG2 survival was assessed by the MTT assay. In keeping with its known mitochondrial toxicity, AZT
dose dependently decreased the survival as indicated by the reduction in the formation of formazan. Mitochondrial depolarization and apoptotic death are significant
components of the Fas/FasL signaling pathway which plays a major role in the induction of cell death in various cell types including hepatocytes. Accordingly, FasL
gene expression in AZT treated HepG2 cells was analyzed. The results revealed that
AZT lead to a robust up-regulation of FasL mRNA levels in a dose dependent manner. Commensurate with the gene expression, FasL protein expression was also observed to increase in response to AZT. Further, AZT treatment significantly reduced cellular levels of the FLICE inhibitory protein (FLIP) which has a significant
anti-apoptotic function and inhibits Fas-induced apoptosis. These observations
document for the first time the potential role of FasL signaling pathway in AZT induced hepatotoxicity.
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ACCELERATED ETHANOL CLEARANCE AND
RESISTANCE TO ALCOHOL-INDUCED STEATOSIS IN
GLUTATHIONE-DEFICIENT MICE.

Y. Chen1, S. Singh1, A. Matsumoto1, H. G. Shertzer2 and V. K. Vasiliou1.
1Department of Pharmaceutical Sciences, University of Colorado AMC, Aurora, CO
and 2Department of Environmental Health, University of Cincinnati Medical Center,
Cincinnati, OH.
Alcoholic liver disease (ALD) is one of the leading lifestyle-related causes of illness
and death in the United States. Liver is the primary alcohol-metabolizing organ,
where ethanol is first metabolized to acetaldehyde by alcohol dehydrogenases and
CYP2E1 and then to acetic acid by aldehyde dehydrogenases (ALDHs). While the
molecular mechanisms underlying the pathogenesis of ALD are not completely understood, oxidative stress associated with ethanol metabolismhas been implicated in
this process. The aim of this study was to elucidate the role of antioxidant glutathione (GSH) in ethanol metabolism and alcohol-induced hepatotoxicity by
using Gclm(–/–) transgenic mice that exhibit 10-20% of normal tissue GSH levels.
Following a single injection of ethanol (i.p., 5 g/kg), circulating ethanol and acetaldehyde were measured in Gclm(–/–) and Gclm(+/+) mice at 1, 3 and 24 hour.
Gclm(–/–) mice revealed a faster clearance of acetaldehyde and to a lesser extend
ethanol. After 6 weeks of feeding with a liquid diet containing ethanol up to 6%,
both Gclm(–/–) and Gclm(+/-) mice showed normal liver weight and plasma ALT
levels. Histologically, simple steatosis was observed in 60% of ethanol-fed Gclm(+/) mice, but was absent in all ethanol-fed Gclm(-/-) mice. Hepatic gene and protein
expression analyses revealed suppressed lipid metabolism but induced ethanol metabolism and stress-response pathways in Gclm(–/–) mice compared to wild-type
animals. Collectively our results suggest a potential role of GSH in fine tuning of
the metabolic and stress response in ethanol-induced liver injuries. —-Supported in
part by NIH grants R01 EY011490 and R21AA017754.

498

HEPATIC BILE ACID COMPOSITION IN PROGRESSIVE
HUMAN NONALCOHOLIC FATTY LIVER DISEASE.

A. D. Lake1, P. Shipkova2, N. Aranibar2, D. Robertson2, M. D. Reily2, P.
Novak1, L. D. Lehman-McKeeman2 and N. J. Cherrington1. 1Pharmacology &
Toxicology, University of Arizona, Tucson, AZ and 2Bristol-Myers Squibb, New York,
NY.
Individual bile acids exhibit either hepatoprotective or toxic roles within the liver
due to their diverse chemical properties. Alteration of the bile acid profile can have
a profound involvement in the development of drug induced liver injury and hepatotoxicity. Chronic liver diseases such as nonalcoholic fatty liver disease (NAFLD)
may alter the bile acid profile predisposing individuals to hepatic injury. NAFLD
originates as steatosis and may progress to non-alcoholic steatohepatitis (NASH),
which is characterized by increased oxidative stress, inflammation, and fibrosis. The
purpose of this study was to analyze the transcriptomic and metabolomic alterations of the classical and alternative bile acid synthetic pathways within the context
of progressive human NAFLD. Human livers classified as normal, steatosis and
NASH were prepared for analysis using Affymetrix GeneChip Human 1.0 ST arrays as well as LC-MS and NMR metabolomics methodologies. In general, transcriptional changes in the expression of nuclear receptors, transporters, and metabolizing enzymes of the bile acid synthetic pathway appear to drive alterations in the
bile acid metabolomic profiles of NASH patients. Increased expression of the taurine conjugation enzyme bile acid-coenzyme A amino acid N-acyltransferase
(BAAT) and CYP7B1 were observed in NASH livers resulting in metabolomic increases of taurine and taurine conjugated bile acids such as taurocholic acid (TCA)
and taurodeoxycholic acid (TDCA). Concurrent decreases of the more hepatotoxic
bile acids were observed including cholic acid (CA), deoxycholic acid (DCA) and
glycodeoxycholic acid (GDCA). These findings reveal a shift toward the alternative
(acidic) pathway of bile acid synthesis, characterized by increased taurine conjugation which may be indicative of an initiation of hepatoprotective mechanisms in
NASH patients.
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TRANSPLACENTAL ARSENIC EXPOSURE INDUCES
GENDER-SPECIFIC GENE EXPRESSION CHANGES IN
FATTY ACID METABOLISM IN C57BL/6 MOUSE LIVER.

P. Carlson1, A. E. Dalrymple2 and R. J. Van Beneden1, 2, 3. 1Graduate School of
Biomedical Sciences, University of Maine, Orono, ME, 2Department of Molecular
and Biomedical Sciences, University of Maine, Orono, ME and 3School of Marine
Sciences, University of Maine, Orono, ME. Sponsor: J. Gosse.
Arsenic contamination in ground water is present in many places around the world.
Several regions, including southeast Asia and northern New England, have arsenic
concentrations in water sources that measure well above the 10 ppb action level set
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by the EPA and WHO. Many diseases have been linked to arsenic exposure including cancer and diabetes. Investigations of in utero exposure to arsenic have shown
alterations in DNA regulatory elements, although the mechanisms of toxicity are
still poorly defined. To address the effects of arsenic exposure on their offspring, female C57BL/6 mice were exposed to 0 to 500 ppb sodium arsenite in drinking
water, from 4 days prior to mating to 21 days post partum. Livers from offspring
were collected and gene expression was measured using a fatty acid metabolism targeted array (SABiosciences). Gender differences were detected, with altered expression in 14 of 84 genes in females and 40 of 84 in males. Gene targets focused on
pathways including the catabolism, transport and biosynthesis of fatty acids, triacylglycerol catabolism and ketogenesis. Nearly half of the genes with altered expression are regulated by peroxisome proliferator-activated receptor γ (Pparγ), a transcription factor involved in glucose regulation and adipose tissue differentiation.
Pparγ has been previously identified as a target of acute arsenic exposure in mouse
fibroblasts (NIH 3T3), showing altered gene expression and protein function. The
investigation into the transcriptional regulation of the genes identified in the array
is ongoing, focused on the impact of maternal arsenic exposure on Pparγ gene and
protein expression following chronic arsenic exposure. This study will help contribute to our understanding of how early-life arsenic exposure may influence crucial regulatory mechanisms involved in lipid metabolism, and impact the development of metabolic diseases in adults.

500

ACETALDEHYDE DEHYDROGENASE 2 (ALDH2)
ACTIVATION PROTECTS HEPATOCYTES FROM
MITOCHONDRIAL DAMAGE AND DEATH CAUSED BY
4-HYDROXYNONENAL.

K. Baldauf1, 2, J. Jokinen1, 2, K. Falkner2, J. I. Beier1, 2 and G. E. Arteel1, 2.
1Pharmacology and Toxicology, University of Louisville, Louisville, KY and 2Alcohol
Research Center, University of Louisville, Louisville, KY. Sponsor: J. States.
ALDH2 is a mitochondrial enzyme that oxidizes acetaldehyde to acetate. Lipid
aldehydes (e.g., 4-HNE) are also substrates for ALHD2, and it therefore has been
hypothesized that this enzyme may also protect against oxidative stress. Indeed, recent studies by this group indicate that activating ALDH2 protects against oxidative stress and damage to the liver. The purpose of the current study was to build on
these findings and to attain mechanistic insight using high content screening
(HCS) in vitro. Primary hepatocytes were isolated from C57BL/6J mice and seeded
on 96 well plates. Some mice were administered EtOH (6 g/kg/d i.g. for 3 d) prior
to isolation, or hepatocytes were exposed to Alda-1 (1.52 μM) in culture, to activate ALDH2. Cells were exposed to 4-HNE (0-1000 μM) for 0-24 h. Cell toxicity
was measured via automated quantitative multi-probe fluorescence microscopy,
using a Cellomics Array Scan VTI HCS reader. This technique enabled monitoring
of live cells for multiple fluorescent markers of processes that are involved in the
pathogenesis of toxicity, including: inner mitochondrial membrane potential
(TMRM), membrane permeability (TOTO-3), and nuclear number and size
(Hoechst). Additionally, the Seahorse Biosciences XF-96 was employed to assess
mitochondrial function of the primary hepatocytes. 4-HNE exposure caused cytotoxicity and cell death time- and dose-dependently. Mitochondrial dysfunction was
observed to precede cell death after 4-HNE exposure. Activating ALHD2 significantly protected against 4-HNE toxicity. Taken together, these data suggest that activating ALDH2 protects hepatocytes from 4-HNE induced mitochondrial damage
and cell death. These results lend further support to the idea that ALDH2 activity
(high or low) may significantly impact the severity and response to liver injury and
liver diseases. Supported in part by NIAAA
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MOLECULAR MARKERS OF MOUSE
HEPATOCELLULAR CARCINOMA THAT IDENTIFY
THE INITIATING ONCOGENE(S).

L. Pham and E. P. Sandgren. Molecular and Enviromental Toxicology, University of
Wisconsin-Madison, Madison, WI.
We are searching for molecular markers that can distinguish between different hepatocellular carcinomas (HCC) by virtue of their specific initiating genetic alterations. Only if the initiating cause is known can pathway-targeted therapy be employed. In this study we evaluate patterns of gene expression in mouse liver tumors
that are caused by known oncogene(s): c-myc, mutant H-ras, mutant β-catenin,
and/or TGFα. We employ an inducible transgene system coupled with an hepatocyte transplantation assay to generate focal HCC growing in an otherwise non-neoplastic liver. For each tumor-initiating genotype, we compare microarray expression
profiles to identify specific and unique patterns of gene expression. In this model,
the incidence and latency of HCC progression varies depending on the initiating
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oncogene(s), indicating that the original genetic changes have different effects on
the development and aggressiveness of the disease. For these oncogene combinations, we identified a panel of genes whose collective expression patterns allowed us
to discriminate among the groups. Using the “leave one out” method, we found
that an observer without knowledge of sample identity could correctly identify a
tumor’s initiating genetic changes by examining the expression profile of this panel
of genes. Our findings suggest that we can identify molecular (gene expression)
markers that can assign mouse liver tumors to appropriate oncogenic initiating
groups.
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ACTIVATION OF SIRTUIN 1 PATHWAY TO REVERSE
DRUG TRANSPORTER AND NUCLEAR RECEPTOR
PATHWAYS IN FATTY LIVER.

S. R. Kulkarni, A. C. Donepudi and A. L. Slitt. Biomedical and Pharmaceutical
Sciences, University Of Rhode Island, Kingston, RI.
Nuclear receptors (NR), CAR, PXR, FXR, PPAR and Nrf2 are transcriptional regulators of transporter expression in liver in coordination with Phase-I and -II biotransformation enzymes. NAFLD markedly alters hepatic transporter expression in
mice. Caloric restriction (CR) is a common regimen to treat NAFLD and proven
model to activate Sirtuin1 deacetylase activity in liver conferring protection against
steatosis. Purpose of this study was to expand on currently negligible information to
evaluate whether CR affects hepatic transporter expression in livers from lean mice
and “reverse” transporter expression changes observed with steatosis. Adult lean
(C57Bl/6) and obese (ob/ob, OB) mice were fed ad libitum or placed on a 40%
(kCal) reduced diet. CR decreased hepatic triglyceride levels in both mice, but not
to the same degree in livers from OB mice. CR decreased Oatp1a1, Oatp1b2
(~90%) as well as Bsep, Bcrp (~40%) mRNA and protein expression in lean but
not OB mice. CR increased Abcc2 mRNA expression by ~2 fold in OB livers only.
However, protein expression increased in both lean and OB mice, reversing basal
downregulation of Abcc2 in OB mice to a level comparable to lean fed controls.
Steatotic livers from OB mice show increased Abcc1, 3, 4 and 5 mRNA expression.
CR decreased Abcc3 protein expression in lean mice but increased it in OB livers.
CR did not alter Abcc1, 4 and 5 mRNA expression in lean mice but significantly
decreased their expression in OB mouse livers. Abcc4 protein expression increased
in lean and OB mice upon CR. In steatotic livers from OB mice; AhR, PXR,
NFκβ, Nrf2, CREB, CAR and PPAR binding to respective RE increased by 147275% but FXR binding decreased by 60%. This increased binding in hepatic nuclear fractions from OB mice was reversed by CR and mirrored by respective target
gene expression. In summary, CR can “reverse” expression of some transporters in
liver, but not all. Overall, these data indicate a potential to restore hepatic disposition changes associated with obesity through CR. (KES013782A, RES016042A)
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HTS FOR SMALL MOLECULES CAPABLE OF
MODULATING THE CELLULAR PHENOTYPES OF
HUMAN IPSC-DERIVED HEPATOCYTES.

B. Leonard1, S. Kameoka1, J. Babiarz1, V. Ott3, T. Singer2, 1, T. Weiser2, 1, K.
L. Kolaja1, 2 and E. Chiao1. 1Nonclinical Safety, Hoffmann-LaRoche, Nutley, NJ,
2Nonclinical Safety, Hoffmann-La Roche, Basel, Switzerland and 3Cellular Dynamics
International, Madison, WI.
The liver is the major drug metabolizing organ and a frequent site of drug induced
toxicity. In drug discovery, robust in vitro methods are needed for modeling liver
function. Current methods employing primary human hepatocyte cultures and cell
lines have well-documented shortcomings, namely donor to donor variability and
functional instability. Although pluripotent stem cell derived tissues hold promise
to address these problems, thus far most reports on human induced pluripotent
stem cell (hiPSC)-derived hepatocytes indicate a higher similarity to fetal tissues
than adult in many aspects including metabolic activity, which could make their extrapolation to the adult situation difficult. To address these shortcomings, human
iPSC-derived hepatocytes were exposed to a library of small molecules to identify
compounds that resemble functionality of an adult liver. High-throughput, microfluidic qRT-PCR was used to examine the expression of 26 genes that span a
spectrum of hepatocyte functions that were either low or exhibited an immature
phenotype in hiPSC-derived hepatocytes when compared to adult primary human
hepatocytes. During the primary screen, multiple compounds significantly increased maturation-associated genes. These hits were confirmed in a secondary
screen, and the ability for a sustained response was quantified. These data suggest it
may be possible to modulate the maturation of stem cell-derived tissues, potentially
generating even more relevant models for drug discovery and safety platforms.
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PHYSIOLOGICAL HEMODYNAMIC FLOW AND
TRANSPORT ARE NECESSARY FOR RETENTION OF
PRIMARY HEPATOCYTE DRUG METABOLISM AND
TOXICITY INDICES.

A. Dash1, S. B. Michael1, T. Deering1, D. Berry1, E. L. LeCluyse4, T. L.
Pruett3, B. R. Blackman2 and B. R. Wamhoff2. 1HemoShear, Charlottesville, VA,
2Biomedical Engineering, University of Virginia, Charlottesville, VA, 3Department of
Surgery, University of Minnesota, Minneapolis, MN and 4The Hamner Institutes for
Health Sciences, Research Triangle Park, NC.
Static primary hepatocyte cultures, used in drug metabolism and toxicity testing,
experience non-physiological drug exposure profiles due to design limitations, and
lose their metabolic phenotype over time, possibly contributing to poor in vitro in
vivo correlations. We developed a system using rat hepatocytes plated in a perfused
transwell device exposed to hemodynamics matching physiological liver blood flow.
Hepatocytes in this system demonstrated polarized morphology, retention of differentiation markers (hepatocyte nuclear factor 4-α and E-cadherin) and significantly
higher levels of liver function compared to static cultures over 2 weeks (Albumin
=74.4 ± 10.04 vs. 9.8 ± 2.32 μg/106 cells/day, Urea= 698.93 ± 61.62 vs. 102.17 ±
32.85 μg/106 cells/day, n=3). Gene expression of Cytochrome (Cyp) enzymes was
significantly higher (n=10, Fold changes over static cultures: Cyp1A1 = 60.5 ±11.6,
Cyp1A2 = 69.2± 26, Cyp2B1 = 20.2 ± 5.2 and Cyp3A2 =10.4 ± 5.3). This translated into higher levels of basal enzyme activity (n=3, Fold changes over static:
Cyp1A =11.5 ± 4.9, Cyp2C = 7.5 ± 3.7, Cyp3A = 4.4 ± 0.9) and higher inducibility by 3-methyl cholanthrene and dexamethasone than static cultures (Fold changes
over DMSO controls: Cyp1A = 66.9 ± 5.1 vs. 25.4 ± 3.2, and Cyp3A = 29.6 ± 1.9
vs. 12.9 ± 0.3). Hepatocytes under hemodynamics responded to classical Cyp inducers like dexamethasone at concentrations that matched plasma concentrations
of in vivo rat studies. Efflux transporter proteins, localized along the canalicular
membranes, exhibited substrate transport into bile canaliculi. The retention of in
vivo like hepatocyte phenotype and metabolic functions coupled with drug response at more physiological concentrations potentially makes this system a more
predictive tool for drug metabolism and toxicity.
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HEPATIC TOXICITY OF VINCLOZOLIN IN ADULT
MALE RATS.

D. C. Escobar-Wilches1, L. M. Lopez-Gonzalez1, M. G. Moreno2, P. Muriel2
and A. Sierra-Santoyo1. 1Toxicology, Cinvestav-IPN, Mexico City, D.F., Mexico and
2Pharmacology, Cinvestav-IPN, Mexico City, D.F., Mexico.
Vinclozolin (V) is a fungicide widely used in plants, fruits and vegetables in United
States, Europe and Mexico. The V is a well-characterized antiandrogenic fungicide
and it is able to produce effects on the male reproductive system in different species.
Little data are currently available regarding possible impacts of V on the liver. The
objective of this work was to assess the effect of V on hepatic function. Male adults
Wistar rats were administered 100 mg/k/d V in corn oil for 7 days by gavage. Nontreated animals received only corn oil. Animals were sacrificed 24 h after last dose.
Blood was extracted for analysis of reduced and oxidized glutathione, alanine
aminotransferase (ALT) and alkaline phosphatase (AP). The liver was removed and
processed to obtain microsomes and for the determination of glycogen, reduced
and oxidized glutathione, and lipid peroxidation. No significant effect of V on
weight of animals was observed. V administration significantly increased the liver
relative weight, this effect was accompanied by an increase by 53% of total cytochrome P450 (CYP) content and a decrease of 35% of glycogen content and on
both reduced (60%) and oxidized (85%) glutathione. ALT serum activity decreased
19%, whereas both reduced and oxidized glutathione serum levels also decreased 36
and 26%, respect to the non-treated group. Liver lipid peroxidation and AP were
not affected by V. These results suggest that V affects hepatic function mainly the
glutathione-dependent antioxidant system, CYP-dependent metabolism of xenobiotics and carbohydrates metabolism. In addition, they indicate that liver is another
target organ of this fungicide. Determination of toxicity in organs or systems will
provide further insight into the relationship between toxicity and V exposure.
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A PROVISIONAL REGULATORY NETWORK OF PPARαMEDIATED TRANSCRIPTION IN PRIMARY HUMAN
HEPATOCYTES.

S. Bhattacharya1, 2, C. G. Woods2, K. M. Yarborough2, A. Efremenko2, L.
Pluta2, P. Lu2, J. Dong2, J. Pi2 and M. E. Andersen1, 2. 1Division of
Computational Biology, The Hamner Institutes for Health Sciences, Research Triangle
Park, NC and 2Institute for Chemical Safety Sciences, The Hamner Institutes for
Health Sciences, Research Triangle Park, NC.
Activation of the PPARα nuclear receptor in liver parenchymal cells results in coordinated events leading to downstream alterations in gene expression: (i) phosphorylation of PPARα in the cytosol; (ii) translocation of PPARα to the nucleus; (iii)

heterodimerization with RXRα; (iv) binding of the heterodimer at DNA- responseelements (PPREs) in the promoters of target genes; and (v) alterations in binding of
co-activators and co-repressors. We used a combination of microarray-based gene
expression data, regulatory interactions inferred from protein-DNA transcription
factor (TF) arrays and ChIP-on-chip results to develop a comprehensive picture of
PPARα-mediated transcriptional regulation in primary human hepatocytes exposed to GW7647 (GW). Cells were treated for up to 72 hours with concentrations of GW between 0.001 and 10 μm. We identified several TFs involved in the
regulatory cascade, leading to a clearer picture of the hierarchical organization of
the PPARα response network as well as concentration- and time-dependent transitions in the state of the network. A small subset of 183 genes was upregulated by
GW in a time- and concentration- dependent manner. Additionally, only a limited
number of these genes were direct gene targets of PPARα. The remaining genes
were likely regulated by cross-talk at the transcriptional level or by downstream activation of other pathways in the cascade, including ERα, HNF4α, STAT1, ETS1
and Sp1. The inferred response network, in combination with an on-going study
with rat hepatocytes, will help guide quantitative computational models of the
PPARα pathway. More generally, this approach of network mapping and modeling
can lead to more accurate dose-response evaluation of receptor-mediated cellular
processes.
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INHALATION OF LEAD ACETATE AND LIVER
DAMAGE: MORPHOFUNCTIONAL STUDY IN A
MOUSE MODEL.

E. S. González Rendón1, G. Gutierrez Cano1, A. González-Villalva1, R. JimenezMartinez1, V. Rodriguez-Lara1, B. Patricia1, L. Colin-Barenque2 and T. Fortoul1.
1Biología Celular y Tisular, Facultad de Medicina, UNAM, Méxi D. F., Distrito
Federal, Mexico and 2Fes-Iztacala, UNAM, Cd. de México, Edo de México, Mexico.
Lead (Pb) is an element that plays an unknown biological role, and it is highly toxic
even in low concentrations. However, the main emission sources of this metal are
lead anti-knock fuels and cigarettes, which are in daily use in society. The main
route of exposure to Pb occurs through the respiratory tract. Once in blood, lead is
distributed in the body, and 33% is accumulated in the liver. Since this organ is a
very active metabolic tissue that stores and biosynthesize nutrients, the alteration of
these activities could be expected after the exposure. We decided to explore the
morpho-functional repercussion of inhaled Pb in the liver determined histologically
and by determining the serum concentration of alanine aminotransferase (ALT)
and aspartate aminotransferase (AST). A group of thirty male mice (CD1 strain)
were exposed to [0.1M] lead acetate for one hour twice a week for 4 weeks, the control group inhaled saline, following the same protocol. Inhalation was carried out
according to Fortoul et al., (2005). Each week, three animals were sacrificed from
each group; the liver was processed for histological evaluation (H & E and Masson).
One month after the exposure, a blood sample was drawn for measuring AST and
ALT as indicators of liver damage.
An inflammatory infiltrate with neutrophils and lymphocytes was observed since
the first week in the exposed mice and the presence of numerous granulomas was
notorious in the same group. Masson stain did not show increase in fibrotic tissue.
A significant increase in AST was detected.
Our findings indicate that the inhaled Pb induces acute liver damage with unspecific changes. There was only other report with an inhaled metal mixture that reports necrosis and periportal infiltrate (Mani et al., 2007). Pb is still in the air in
some cities atmosphere, and the literature is scarce about this topic. Further analysis is needed to evaluate the impact that inhaled Pb has in organs such as the liver.
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DNA-PROTEIN CROSSLINKING MEDIATED BY
DEHYDROMONOCROTALINE IN VITRO.

S. Shen1 and J. Zheng1, 2. 1Center for Developmental Therapeutics, Seattle Children’s
Research Institute, Seattle, WA and 2Department of Pediatrics, University of
Washington, Seattle, WA.
Pyrrolizidine alkaloids (PAs) occur in a wide variety of plant species and have been
identified in over 6,000 plants. Exposures to some PAs can cause massive hepatotoxicity, including hemorrhagic necrosis, hepatic megalocytosis and veno-occlusion, liver cirrhosis, nodular hyperplasia, and hepatic carcinomas. Hepatotoxicity
induced by PAs has been suggested to be mediated by cytochrome P450 enzymes,
through metabolic activation and reactions of electrophilic pyrrole metabolites.
Monocrotaline is one of hepatotoxic PAs. Its reactive metabolite dehydromonocrotaline has been reported to cause DNA modification and protein covalent binding.
Since dehydromonocrotaline molecule has two electrophilic centers which can react
with nucleophiles, we speculated that the reactive metabolite may induce DNAprotein crosslinking. In the present study, we investigated the DNA-protein
crosslinking mediated by dehydromonocrotaline using a plasmid DNA and BSA as
model biomolecules. We found the exposure of a mixture of the DNA and BSA to
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dehydromonocrotaline caused DNA-protein crosslinking. The degree of the
crosslinking was concentration-dependent. In addition, we observed that the
DNA-protein crosslinking induced by dehydromonocrotaline was protected by the
presence of glutathione. We hypothesize that DNA-protein crosslinking may be involved in monocrotaline-induced hepatotoxicity.
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LACK OF ORGANIC ANION TRANSPORTING
POLYPEPTIDE 1A1 EXACERBATES CHOLESTATIC
LIVER INJURY IN MICE.

Y. Zhang1, I. L. Csanaky1, L. D. Lehman-McKeeman2 and C. D. Klaassen1.
1University of Kansas Medical Center, Kansas City, KS and 2Bristol-Myers Squibb Co.,
Princeton, NJ.
Organic anion transporting polypeptide 1a1 (Oatp1a1) is predominantly expressed
in livers of mice, and is thought to transport BAs from blood into liver. Because
Oatp1a1 expression is markedly decreased in livers of bile-duct ligated (BDL) mice,
we hypothesize that lack of Oatp1a1 will reduce the hepatic uptake of BAs and thus
protect against cholestatic liver injury. To evaluate our hypothesis, we performed
BDL surgeries in both WT and Oatp1a1-null mice. Surprisingly, all Oatp1a1-null
mice died within four days after BDL, whereas all wild-type (WT) mice survived.
Even one day after BDL, Oatp1a1-null mice had higher serum ALT and more severe liver injury than WT mice. Oatp1a1-null BDL mice had higher total BA concentrations in livers than did WT BDL mice, suggesting that lack of Oatp1a1 does
not prevent BA accumulation in liver. Secondary BAs, which are produced by intestinal bacteria, dramatically increased in serum of Oatp1a1-null BDL mice, but
not in WT BDL mice. In addition, Oatp1a1-null BDL mice have higher secondary
BAs in livers than WT BDL mice. The increased secondary BAs in serum and livers
of Oatp1a1-null BDL mice is not likely due to altered BA transport or BA conjugation in liver, because Oatp1a1-null BDL mice had similar mRNA of basolateral
BA-uptake (Ntcp and Oatp1b2) and BA-efflux (Mrp3, Mrp4, and Ostα/β) transporters, as well as similar BA-conjugation enzymes (Fatp5 and Baat) in livers than
WT BDL mice. Transcription factors such as FXR, PXR, PPARα, and Nrf2 play
important roles in the cytoprotective response to cholestasis. One day after BDL,
the mRNA expression of SHP, Cyp3a11, Cyp4a14, and Nqo1, which are target
genes of FXR, PXR, PPARα, and Nrf2, respectively, were increased in WT mice,
but not in Oatp1a1-null mice. In conclusion, Oatp1a1 plays a unique role in the
adaptive response to liver injury during obstructive cholestasis, and lack of Oatpa1
exacerbates cholestatic liver injury in mice. (Supported by NIH grants DK081461, ES009649, and ES-019487)

510

BILE ACID REGULATION OF GENE EXPRESSION IN
HUMAN PRIMARY HEPATOCYTE CULTURES.

J. Liu1, H. Lu1, Y. Lu1, L. Lei1, S. C. Strom2 and C. D. Klaassen1.
1Pharmacology and Toxicology, University of Kansas Medical Center, Kansas City, KS
and 2Pathology, University of Pittsburgh Medical Center, Pittsburgh, PA.
Bile acids (BAs) are known to regulate their own homeostasis. This study was initiated to examine the effects of cholic acid (CA), chenodeoxycholic acid (CDCA),
deoxycholic acid (DCA), lithocholic acid (LCA) and ursodeoxycholic acid
(UDCA) on BA-synthetic enzymes and transporters in human primary hepatocyte
cultures from 6 donors. Human hepatocyte cultures were obtained from the
University of Pittsburgh, through the Liver Tissue Cell Distribution System.
Hepatocytes were plated in 12-well collagan-coated dishes, and overlaid with
Matrigel in supplemented William’s E media. Following a minimum 48-h recovery
period, hepatocytes were treated with the 5 individual BAs with final concentrations of 10, 30, and 100 μM for 48 h. Total RNA was extracted from the hepatocytes with RNAzol Bee reagent, and reverse-transcribed with High Capacity RT
Kits, and the expression of genes of interest was determined by real-time PCR. All
5 BAs dramatically suppressed CYP7A1, the rate-limiting enzyme in BA synthesis;
and dramatically increased the expression of FGF19, a major BA signaling molecule. The nuclear receptor farnesoid X receptor (FXR) and small heterodimer partner (SHP) were also upregulated, but to a lesser extent. ThemRNA of CYP8B1 and
CYP27A1, additional enzymes in BA synthesis, were mildly decreased or unaltered
by the BAs. The mRNA of the bile salt efflux pump (BSEP), as well as Ostα and
Ostβ were significantly increased by BAs, whereas the sodium taurocholate cotransporting polypeptide (NTCP), a major BA uptake transporter, was slightly decreased. Of the 5 BA examined, UDCA was the least effective in producing gene
expression changes. Among the 6 hepatocyte donors, marked individual variations
in BA-regulated gene expression were noted, but the alternations were similar. In
summary, human primary hepatocyte cultures responded similarly to intact mice,
indicating similarities in the regulation of BAs in mice and humans (Supported by
NIH grants DK-81461 and ES019487).
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COMPARISON OF NOVEL LUCIFERIN-1A2 SUBSTRATE
AND PHENACETIN FOR MEASURING CYP1A2
INDUCTION IN HUMAN HEPATOCYTES.

T. Moeller1, D. Ma2, S. Dennel1 and J. Cali2. 1Celsis In Vitro Technologies,
Halethorpe, MD and 2Promega Corp, Madison, WI. Sponsor: M. Xia.
Induction of drug metabolizing enzymes is one critical component in assessing
drug-drug interactions. The process is controlled through drugs binding to receptors which regulate gene transcription. One mechanism entails the aryl hydrocarbon receptor (AhR), a transcription factor responsible for the up-regulation of
phase I and phase II enzymes such as CYP1A1/2 and UGT1A1. The most common
method to determine a drug’s induction potential through AhR-dependent pathway is to measure the activity of CYP1A2 in hepatocytes using phenacetin as a substrate after exposure to the drug and compare it to the basal rate. The quantification
of the metabolism of phenacetin requires bioanalytical methods like
UPLC/MS/MS which demands special equipment and expertise. In contrast, the
P450-Glo™ assay with the luminescent CYP1A2 substrate Luciferin-1A2 (6methoxybenzo[d]thiazole-2-carbonitrile) is a simple and effective method to measure CYP1A2 activity requiring a plate reader and minimal expertise which will expedite data acquisition and simplify workflow. Herein, we describe the comparison
of phenacetin and Luciferin-1A2 substrates for CYP specific and to determine induction of CYP1A2 in human hepatocytes using omeprazole as the inducer. The
induction ratios were similar for most of the 16 donors tested for both lytic and
non-lytic P450-Glo™ Luciferin-1A2 substrate methods as compared to
phenacetin with significant correlation found (P value < 0.0001, R2 of 0.7). This
new CYP1A2 substrate is an alternative for measuring CYP1A2 activity to traditional probe substrates that require HPLC or MS methods.
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ALTERATION OF GENE EXPRESSION OF HEPATIC
PHASE 1 ENZYMES INVOLVED IN THE
BIOTRANSFORMATION OF PESTICIDES DURING
GESTATION IN A MURINE MODEL OF TYPE 1
DIABETES.

M. C. Fortin1, L. M. Aleksunes2 and J. R. Richardson1. 1Environmental and
Occupational Medicine, Environmental and Occupational Health Sciences Institute,
Piscataway, NJ and 2Pharmacology and Toxicology, Rutgers University, Piscataway,
NJ.
Previous data from our laboratory indicated that pregnancy in mice alters the hepatic expression levels of phase 1 enzymes involved in the biotransformation of numerous pesticides. These naturally-occurring changes may result in a higher susceptibility to neurotoxicants and increase the risk of cognitive and behavioral deficits.
The goal of the present study was to assess how diabetes and pregnancy interact to
modify the level of transcription of phase 1 enzymes.
Nulliparous C57BL/6 mice were administered streptozotocin (STZ, 50 mg/kg/day
for up to 6 doses, ip) in order to induce the hyperglycemia for at least 2 weeks prior
to overnight mating with normoglycemic male mice. Livers were collected from vehicle-treated and STZ-treated, pregnant (GD14) and non-pregnant mice. Total
RNA was extracted for QPCR quantification of various cytochrome P450, carboxylesterase (Ces) isoforms and nuclear receptors that regulate expression of these
enzymes. Three patterns of transcriptional regulation were observed: 1) Pregnancy
and STZ treatment significantly decreased (p<0.05) the mRNA expression of Car
(≥55%), Ahr (≥25%), Cyp1a2 (≥20%), Paraoxonase 1 (Pon1) (≥40%), Ces1d
(≥50%), Ces1g (≥20%), Ces3 (≥40%). 2) Pregnancy, but not STZ treatment, reduced levels of Pparγ (≥60%), Cyp2c37(≥50%), Cyp2c50 (≥75%), Cyp2c54
(≥50%), Cyp3a11 (≥50%), and induced Cyp3a16 (300%), Cyp3a41a/b (100%)
and Cyp3a44 (150%). 3) STZ treatment alone induced Ces2c (100%), Ces2e
(≥30%) and reduced Ces1c (≥35%). The remaining genes, Pparα, Cyp3a13,
Cyp2b10, Cyp2d22, Ces1e, and Ces2b, were unchanged by either STZ treatment
or pregnancy.
These findings suggest that diabetes and pregnancy differentially regulate the expression of critical enzymes that detoxify pyrethroid and organophosphate pesticides, which could alter in utero exposure of developing animals.
Supported by NIH ES015991, ES005022, DK080774, and ES020522.

513

COMPARISON OF METABOLIC STABILITIES FOR
XENOBIOTICS IN CONTACT WITH HEPATIC AND
CUTANEOUS SUBCELLULAR FRACTIONS.

J. Eilstein, E. Daronnat, J. Meunier, A. Garrigues-Mazert and D. Duche.
L’Oréal Research & Innovation—Advanced Research, Aulnay-sous-Bois, France.
Sponsor: G. Nohynek.
Skin is mainly considered as a biological barrier against xenobiotics. Skin is recognized to be a site of extrahepatic metabolism. Consequently, skin metabolism study
of cosmetic ingredients becomes a important issue in the assessment of their bio-

transformation and local exposure. Because hepatocyte subcellular fractions are
widely used in the hepatic metabolism prediction, subcellular fractions of a reconstructed human skin model (full thikness model of Episkin) were used to test the
skin metabolism. This strategy comes within the scope of L’Oreal effort in the development of new in vitro alternative methods to animal testing. In this work, we
compared metabolic stabilities (half-life time) of xenobiotics in the presence of cutaneous and hepatic subcellular fractions. Results confirmed that cutaneous subcellular fractions had a lower catalytic activity level than hepatic fractions for numerous compounds but that biotransformations could occur at the skin level for
peculiar chemicals. For example, the cutaneous stability of Nicardipine which is a
positive control used for probing Cytochrome P450-dependent monooxygenases
activity, confirmed that skin is much less equipped of these enzymes than liver.
However, a cutaneous specificity could be observed with N-acetylation of paminobenzoïc acid and N-acetyl-p-phenylendiamine compared with the liver. In
conclusion, although skin metabolism towards xenobiotics is weaker than that of
the liver, results presented confirmed the interest in studying their cutaneous metabolism because skin can be active in term of metabolism for specific compounds
and the site of a first pass effect for such compounds.
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REGULATION OF HEPATIC CYTHOCHROME P450 BY
VINCLOZOLIN IN PREGNANT RATS.

G. F. Garcia-Montes de Oca, L. M. Lopez-Gonzalez and A. Sierra-Santoyo.
Toxicology, Cinvestav-IPN, Mexico City, D.F., Mexico.
Vinclozolin (V) is a systemic fungicide used for agricultural settings. V is non-enzimatically hydrolyzed to M1 and M2 metabolites, as well it is efficiently metabolized
in male rats to several products by cytochrome P450 (CYP) 2A, 2B and 3A subfamilies. There is no available information about the effect of V on liver CYP regulation in rats during pregnancy. V exposure affects the male reproductive system
during gestational morphogenesis, sexual maturation and fertility. V, M1 and M2
have antiandrogenic properties by inhibiting competitively the androgen receptor.
The objective of this study was to determine the effect of V exposure on the hepatic
CYP regulation during pregnancy. Pregnant Wistar rats were administered 150
mg/kg/d V in corn oil from gestational days 14 to 21 by gavage. Animals were sacrificed two hours after last dose. The liver was removed and processed to obtain microsomes to determine the protein content of different CYP isoforms and their enzyme activities. V exposure significantly increased maternal liver relative weight but
did not affect liver total CYP content. V induced protein content of CYP1A1 (8.3fold), 2B1 (11.7-fold) and 1A2 (10.2-fold), while a decrease of 80% of CYP3A2
was observed. There was no effect on CYP2A and 2E1. Non-treated pregnant rats
showed very low enzyme activities of EROD, MROD, PROD, 7α-hydroxytestosterone hydroxylase (7α-OHTH) and 6β-OHTH associated to CYP1A1, 1A2, 2B,
2A1 and 3A, respectively. V treatment increased 4.6-, 3.0-, 2.4- and 4.4-fold the activities of MROD, PROD, p-nitrophenol hydroxylase and 6β-OHTH, compared
to the non-treated group; while EROD and 7α-OHTH showed a 1.7-fold induction. These results suggest that V may modulate hepatic CYP expression at different
levels of regulation during pregnancy. Likewise, it may induce its own metabolism,
thereby it may modify its toxicokinetics in fetuses. This study will provide further
insight into the relationship between toxicity and V exposure.

Infiltrates (INF) 95%, Portal Nuclei (PN) 93%, Disrupted Cells (DC) 90%; compared to PT 97% to 100% MF, 100% VES, 97% to 100% DT, 98% to 100% INF,
97% to 100% PN, 100% DC.
CAPS™ met acceptance criteria (within the range of PT results) for separation of
normal/non-normal liver, reason for non-normal, and MF, VES, and DT severity
grade (ranking). Acceptance criteria for severity grade (ranking) were not met for
INF, PN, DC. The reiterative process employed in development continues to improve the robustness of the software. Based on POC results, CAPS™ can be an invaluable tool for assisting the pathologist.
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CHRONIC TOXICITY OF ENVIRONMENTAL
CONTAMINANTS IN HUMAN HEPARG HEPATOCYTES.

C. Lambert1, 2, S. Martinais1, 2, J. Cassecuel1, 2, F. Morel1, 2 and M. Robin1, 2.
1UMR991, INSERM, Rennes, France and 2University Rennes 1, Rennes, France.
Sponsor: M. Pallardy.
Humans are continuously exposed to low doses of contaminants for prolonged periods. Prediction of their chronic toxic effects and risk evaluation for health represent a major challenge. The well-differentiated HepaRG cell line is thought to be a
potent in vitro surrogate to investigate human hepatic effects of chronic exposure to
toxicants. HepaRG cells, composed of both hepatocyte-like and biliary-like cells,
present most of the metabolic performances of primary hepatocytes up to 4 weeks.
In this study, we adapted the classical culture conditions of HepaRG cells in order
to be closer to the permanent aggression of the human liver by contaminant agents.
Cytotoxicity was evaluated using the MTT test after daily exposure for 1 or 2 weeks
of the hepatocyte-like population to low doses of about 10 chemicals, including the
mycotoxin aflatoxin B1, polycyclic aromatic hydrocarbons, plasticizers, pesticides
and flame retardants. We first checked the stability of the differentiated HepaRG
hepatocytes over this period using several genes, including CYP3A4, CYP2B6 and
aldolase B, as markers of differentiation. mRNA expressions remained stable during
the two weeks as did CYP3A4 protein level and activity. Moreover, the 24 h acute
toxicity of each compound was similar when tested at the beginning or at the end
of the 2 week-period, indicating that HepaRG hepatocytes kept all their metabolic
functions. Chronic studies showed cumulative cytotoxic effects of most of the
tested compounds with decreasing IC50 between 24 h and 7 days. Prolonging the
treatment up to 14 days kept on lowering significantly IC50 of endosulfan (120,
60, 18 μM) and aflatoxin B1 (1.8, 0.4, 0.15 μM) both metabolized by CYP3A4, of
benzo[a]pyrene (350, 10, 7 μM) and dimethylbenzanthracene (300, 18, 6 μM)
metabolized by CYP1A and 1B, and to a lesser extent those of bisphenol A (105,
85, 77 μM), di(2-ethylhexyl) phthalate (300, 85, 60 μM) and tetrabromo bisphenol A (68, 37, 25 μM). Our results validate the hepatocyte-like cells as a suitable experimental model allowing toxicity evaluation of low doses after long-term exposure.
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CYCLOSPORINE A AND PALMITATE TREATMENT
SYNERGISTICALLY INDUCE CYTOTOXICITY IN
HEPG2 CELLS.

Y. Luo, P. M. Rana and Y. Will. Compound Safety Prediction, Pfizer Global
Research & Development, Groton, CT.

515

COMPARATIVE ASSESSMENT OF AUTOMATED
ANALYSIS USING COMPUTER ASSISTED PATHOLOGY
(CAPS™) HISTOPATH™ SOFTWARE.

R. Long1, R. LoBosco1, L. Chouinard2, E. Meierhenry3, A. Usborne5, M. Lee1,
J. Schwartz3, H. Boubekeur2, D. Shur1, B. Ziegler1, L. Siler1, N. Gillett4 and S.
K. Durham3. 1Charles River Laboratories, Seattle, WA, 2Charles River Laboratories,
Montreal, QC, Canada, 3Charles River Laboratories, Reno, NV, 4Charles River
Laboratories, Wilmington, MA and 5Eli Lilly and Company, Indianapolis, IN.
A proof of concept (POC) study was performed to assess the ability of CAPS™
(Computer Assisted Pathology System) HistoPath™ software to: 1) differentiate
normal/non-normal in hematoxylin and eosin (H&E)-stained liver slides from
Wistar rats, 2) identify the reason for the non-normal classification, and 3) rank
order the severity of change. Five groups (1 control / 4 treated groups) of 6 rats per
group were used in the assessment. An additional 23 rats were also used as historical controls. Slides were scanned (Aperio XT ScanScope) and resultant images analyzed using HistoPATH™ version 1.0.1. Slides were also independently analyzed
by 3 Charles River pathologists (PT). CAPS™ normal/non-normal designations
(83%) and non-normal reasons (86%) were similar to the PT range, 77% to 93%
and 71% to 100%, respectively. CAPS™ severity grade (rankings) were Mitotic
Figures (MF) 100%, Vesiculation (VES) 100%, Disrupted Tissue (DT) 97%,

The immunosuppressive compound Cyclosporin A (CsA) has been used for treating autoimmune diseases and in organ transplantation. However, severe side effects,
such as nephrotoxicity, cardiotoxicity and hepatotoxicity have been attributed to
CsA treatment. Cardiac and renal transplantation is often associated with the development of hyperlipidemia and obesity, probably due to immunosuppressive
therapy. Elevated levels of free fatty acids have been linked to the etiology of metabolic syndrome, nonalcoholic fatty liver and steatohepatitis. The contribution of
free fatty acids to CsA-induced toxicity is not clear.
In this study we explored the effect of palmitate on CsA-induced toxicity in HepG2
cells. CsA induced little cytotoxicity in HepG2 cells as measured by ATP depletion
and LDH release. Co-treatment with palmitate and CsA result in marked increase
in cytotoxicity, and the responses are CsA and palmitate dose-dependent. Palmitate
and CsA treatment also lead to synergistic induction of caspase-3 activity, suggesting that induction of apoptosis may contribute to the cytotoxicity. At sub-lethal
dose, CsA reduced mitochondrial respiration, which is further exacerbated by the
presence of palmitate. Inhibition of c-Jun N-terminal kinases (JNK) activity attenuated palmitate and CsA induced cell death, suggesting that JNK activation plays
an important role in mediating palmitate/CsA toxicity. This novel finding of the
synergized cytotoxicity induced by palmitate and CsA suggest that patients with
underlying diseases that elevate free fatty acids may be predisposed to CsA-induced
toxicity. Furthermore, hyperlipidemia/obesity resulting from immunosuppressive
therapy may aggravate CsA-induced toxicity and worsen the outcome in transplant
patients.

SOT 2012 ANNUAL MEETING

111

518

COMPARISON OF RAT AND DOG HEPATOCYTEKUPFFER CELL COCULTURES AS A MODEL OF
DRUG-INDUCED HEPATIC MICROGRANULOMA.

F. Boess2, R. Kemper1, S. Kustermann2, T. Zabka1, C. Lawson1, T. Singer2, 1,
A. B. Roth1, K. L. Kolaja1, 2 and T. Weiser2, 1. 1Nonclinical Safety, HoffmannLaRoche, Nutley, NJ and 2Nonclinical Safety, Hoffmann-La Roche, Basel,
Switzerland.
During the conduct of routine safety studies, kupffer cell hypertrophy and subsequent microgranuloma formation occurred in dog liver after single and repeat oral
administration within a series of drug candidates. The finding was not associated
with parenchymal hepatocellular injury, was not monitorable by routine clinical
pathology, and was not observed in repeat dose rat studies. The histopathology suggested a foreign body-type response to indigestible PAS+ material of which a component was likely test article. A primary hepatocyte/nonparenchymal cell coculture
system of rat and dog was established to provide mechanistic insight and investigate
the species-specificity of this finding, as well as to develop a model screening tool
for potential back-up molecules. There was no difference between species in cellular toxicity in hepatocyte single culture or coculture systems. Uptake, however, of
radiolabelled drug into either hepatocytes or nonparenchymal cells from rat and
dog demonstrated pronounced hepatocellular uptake in rats and conversely, preferential uptake by nonparenchymal cells in dogs. This observation may explain the
observed species-specific in vivo finding. Additionally, the system was used to evaluate the response to compounds in the series that did not have this finding in dog
or rat, which further supported the hypothesis that increased uptake by nonparenchymal cells is a risk factor for microgranuloma formation. The presented approach demonstrates the utility of in vitro systems to understand and potentially
de-risk in vivo safety findings, as well as to provide a screening paradigm that will
reduce animal use.

519

COMPARISON OF TWO CELL MODEL SYSTEMS,
PRIMARY HUMAN HEPATOCYTES AND HIPSCDERIVED HEPATOCYTES TO DETERMINE THE
HEPATOTOXICITY OF THREE CANDIDATE DRUGS
DEVELOPED FOR RHEUMATOID ARTHRITIS.

S. Kameoka1, T. Zabka1, V. Ott2, T. Singer3, 1, T. Weiser3, 1, K. L. Kolaja1, 3 and
E. Chiao1. 1Nonclinical Safety, Hoffmann-LaRoche, Nutley, NJ, 2Cellular Dynamics
International, Madison, WI and 3Nonclinical Safety, Hoffmann-La Roche, Basel,
Switzerland.
In vitro hepatocyte culture serves as a very useful model system to detect potential
hepatotoxicity without sacrificing animals. However, current in vitro model systems have limitations. Primary human hepatocytes (PHH) are known to exhibit
donor-specific phenotypic variability and availability is too limited for high
throughput assay. Immortalized hepatoma cell lines, such as HepG2 and HepaRG,
offer more reproducible and homogenous culture systems, but interpreting the toxicant sensitivity in cells of tumor origin poses a considerable problem.
Using human induced pluripotent stem cell (hiPSC)-derived hepatocytes is an important new tool which offers unlimited supply of euploid cells from single donors.
Here, we tested the hepatotoxicity of three internal candidate drugs developed for
the treatment of rheumatoid arthritis. In vivo, two of these compounds induced canine liver toxicity, while one compound showed no toxicity. This toxicological profile of three compounds is recapitulated in vitro, both in cultures of PHH and the
hiPSC-derived hepatocytes. IC50 values of the three compounds were determined
by 24 hour ATP assay (>50, 20, 14μM by PHH; >50, 24, 13μM by iPSC-derived
HC) to be nearly identical. This pilot study shows that despite some difference in
metabolism (cytochrome P450 and Phase II enzyme levels) between PHH and
hiPSC-derived hepatocytes, stem cell-derived hepatocytes may provide an valuable
model system for preclinical drug safety study and disease modeling.
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URINARY BIOMARKERS DETECT RENAL DAMAGE IN
HYPERTENSIVE AND OBESE RATS.

Q. Zhang1, K. J. Davis2, D. Hoffmann3, V. S. Vaidya3, R. P. Brown1 and P. L.
Goering1. 1CDRH, US FDA, Silver Spring, MD, 2NCTR, US FDA, Jefferson, AR
and 3Harvard Medical School, Boston, MA.
Hypertension and obesity are major risk factors for the development of kidney disease. Sensitive biomarkers are needed to detect renal damage at the earliest stages.
The objective of this study was to determine if a suite of acute kidney injury biomarkers can be used to track the progression of nephropathy in an animal model of
hypertension and obesity. Male spontaneously hypertensive obese (SHROB) and
lean SHR (SHR-lean) rats were used to track the progression of kidney damage
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from 18 to 39 weeks of age. Body weight, blood pressure, and urinary biomarkers
(albumin, NAG, Kim-1, NGAL, osteopontin, GST-α, GST-Yb1, RPA-1, fibrinogen and clusterin) were assessed at 3-week intervals. Weight gain was much greater
in SHROB rats than in SHR-lean rats. Systolic and diastolic blood pressures were
elevated throughout the study in both SHROB and SHR-lean rats with no significant difference observed between the two groups. Blood creatinine, BUN and
plasma cholesterol and triglyceride levels were significantly increased in SHROB
rats compared to SHR-lean rats at the end of study. The severity of renal lesions involving tubules, interstitium and glomeruli was graded on a scale of 0 to 5 (0=normal histology, 2=1-25%, 3=26-50%, 4=51-75%, and 5=76-100% of tissue affected). SHROB rats showed a higher overall chronic nephropathy score (4.9) than
SHR-lean rats (3.0). Urinary albumin and fibrinogen were elevated at week 30 and
remained elevated through week 36 in SHROB rats; however, an increase in albumin was not observed until week 36 in SHR-lean rats. Urinary NAG, clusterin and
osteopontin levels were elevated at week 36 in SHROB rats only. There were no increases observed throughout the study in urinary levels of Kim-1, NGAL, RPA-1,
GST-α and GST-Yb1 in both strains. In conclusion, urinary biomarkers such as albumin, fibrinogen, NAG, clusterin, and osteopontin, may be useful as tools to
track the progression of chronic kidney injury associated with hypertension and
obesity. (Funded in part by a FDA Office of Chief Scientist Challenge Grant).

521

AGE-DEPENDENT VARIATIONS IN BASELINE SERUM
CARDIAC TROPONIN I LEVELS: A CROSS-SPECIES
COMPARISON.

A. Knapton1, E. T. Rosen1, M. C. Poirier2, Y. Liu2, S. E. Lipshultz3, J. Todd4,
A. Lu4, J. Estis4, J. Zhang1 and E. H. Herman1. 1US FDA, Silver Spring, MD,
2NCI, NIH, Bethesda, MD, 3University of Miami Miller School of Medicine,
Miami, FL and 4Singulex, Inc., Alameda, CA.
Changes in the serum levels of cardiac troponin I (cTnI) are used as a specific indication of myocardial injury. Recently, factors such as strain, sex and arterial pressure
have been found to affect baseline levels of cTnI in rats. The current study utilized
the ultrasensitive Erenna immunoassay to determine whether animal age might also
influence cTnI concentrations. Blood samples were collected from Sprague Dawley
rats at 10 (n=5), 25 (n=7), 40 (n=11) and 80 (n=10) days of age. Blood was also obtained from Patas monkeys at birth (n=2), at two months (n=1) and one year of age
(n=1). Samples of fetal and adult equine, porcine and bovine serum were also analyzed. The mean (±SD) concentrations of cTnI were 37.7±10, 14.1±4.9, 7.3±4.8
and 5.8±3.1 pg/ml for 10, 25, 40 and 80-day-old rats, respectively. Examination of
10 day old rat hearts showed features such as hypercellularity and irregularly-sized
nuclei with a moderate number of myocytes undergoing mitosis and apoptosis that
were not apparent in the myocytes of 80-day rat hearts. The cTnI concentration in
2 monkeys at birth were 177 and 725 pg/ml compared to 8.29 pg/ml in the 2
month-old monkey and 0.78 pg/ml in the one year-old monkey. The levels of cTnI
detected in fetal equine and porcine serum were considerably higher than those
found in adult equine and porcine serum samples. Likewise, the levels of cTnI in
fetal bovine serum were extremely high (>2,000 pg/ml) compared to adult caprine
and laprine serum (2.5-2.7 pg/ml). These results indicate that serum levels of cTnI
vary with age, with higher cTnI elevations early in life. This could affect use and interpretation of cTnI in certain types of studies. The age-related differences appear
to be consistent across animal species.
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TRANSCRIPTOME AND METABOLOME ANALYSIS
REVEALS MECHANISM-LINKED BIOMARKER
CANDIDATES IN CARBON TETRACHLORIDEINDUCED HEPATOTOXICITY.

Y. Ando1, 2, J. Sun1, L. K. Schnackenberg1, X. Yang1, J. Greenhaw1, L. M.
Pence1, T. C. Schmitt1, S. Bhattacharyya1, W. F. Salminen1, D. L. Mendrick1
and R. D. Beger1. 1Division of Systems Biology, National Center for Toxicological
Research, Jefferson, AR and 2Medicinal Safety Research Laboratories, Daiichi Sankyo
Co., Ltd., Tokyo, Japan.
Transcriptome and metabolome analyses were adopted to investigate the mechanisms underlying hepatotoxicity induced by carbon tetrachloride (CCl4), a highly
toxic chemical agent used to elicit experimental liver damage. CCl4 (50 or 2000
mg/kg) or vehicle (corn oil) was administered to 8 to 9-week-old male rats (15 animals per dose group) via oral gavage. Some animals received a single dose and were
sacrificed 6 and 24h after that single dose. Remaining animals received a total of 3
once daily doses and were sacrificed 24h after the 3rd dose. Five animals per group
were euthanized via carbon dioxide asphyxiation and immediately necropsied.
Serum and urine samples were collected at each time point. NMR, LC/MS,
LC/MS/MS, and GC/MS were utilized for metabolome analysis of the serum and

urine, and DNA microarrays were used for transcriptome analysis of liver tissue.
Pathway analysis data revealed increased hepatic oxidative stress, increased bile acid
secretion, a shift of energy metabolism from fatty acid beta-oxidation to glycolysis,
and the microarray results showed increased progression of hepatic synthesis of
triglycerides and cholesterol ester following the high dose. These results were consistent with histopathological indices in the liver of high dose animals such as
necrosis and lipid accumulation, which were observed as early as 6 h. In addition, a
decrease in serum arginine and urine 2-oxoarginine had a statistically significant
correlation with serum alanine aminotransferase activity at 24h. Thus, an integrated analysis of transcriptome and metabolome profiles may provide a better understanding of the mechanisms and provide mechanistic-linked biomarker candidates of liver injury.

stress response pathways. A subset of these proteins can be measured in cell culture
medium by standard immunoassays (ELISA), and could be combined to a multimarker panel with established protein markers. To verify the protein signature we
currently develop multiplexed SRM (selected reaction monitoring) mass spectrometric assays which allow analyzing the 10 best performing biomarkers in one
measurement.
Conclusion: Since a multi-marker panel allows measuring a combination of biomarkers it could provide additional information on pathways triggered by unknown chemicals.

525
523

ACUTE KIDNEY INJURY AND AGING INFLUENCE
DIAGNOSTIC VALUE OF URINARY BIOMARKER-TOCREATININE RATIO IN RATS.

Y. Tonomura1, 2, T. Uehara1, E. Yamamoto1, M. Torii1 and M. Matsubara2.
1Drug Developmental Research Laboratories, Shionogi & Co., Ltd., Toyonaka, Osaka,
Japan and 2Division of Molecular Medicine, Tohoku University School of Medicine,
Sendai, Miyagi, Japan. Sponsor: K. Nakamura.
Recent research has revealed several useful urinary biomarkers of acute kidney injury (AKI). For adequate evaluation of altered urinary biomarkers, it is necessary to
consider the influence of varied urine flow rate (UFR). Calculation of the excretion
rate of a urinary biomarker (UFR-correction) is a gold standard for the correction.
An alternative method is to calculate the urinary biomarker-to-creatinine ratio
(Ucr-correction). To date, the equivalence between these two correction values has
been examined only in steady state such as chronic kidney disease, and the urinary
biomarkers examined have been limited to proteinuria and albuminuria. The purposes of this study were to investigate the influence of AKI on Ucr-correction values of various urinary biomarkers, the influence of aging on Ucr-correction, and the
backgrounds underlying relationship between the two correction values. AKI was
induced by cisplatin, gentamicin, carboplatin, bromoethylamine, cyclosporin A,
doxorubicin or puromycin aminonucleoside in rats. Comprehensive measurement
of ten urinary biomarkers revealed larger amplitude increases in Ucr-correction values compared to UFR-correction values in AKI. Moreover, Ucr-correction showed
higher diagnostic power than UFR-correction in receiver operating characteristic
curve. We further observed a decrease in Ucr excretion in AKI accompanied by reductions in creatinine clearance (Ccr) and mRNA expression of the renal organic
cation transporter-2 known as a transporter for creatinine. Regarding aging, UFRcorrection values were constant while Ucr-correction values showed age-dependent
decreases, which were accompanied by increases in Ucr excretion and Ccr. In conclusion, Ucr-correction could over- or under-estimate the renal condition in AKI
and aging. Thus, we should take into consideration of these backgrounds when
using Ucr-correction.

X. Zhang1, G. D. Newport1, M. G. Paule1, F. Liu1, S. Liu1, M. S. Berridge2, S.
M. Apana2, W. Slikker1 and C. Wang1. 1NTOX, NCTR/FDA, Jefferson, AR and
23D Imaging, LLC, Little Rock, AR.
Recent reports indicate that combined administration of ISO and N2O triggers
neuronal apoptosis in postnatal day (PND) 7 rats. Because high-resolution positron
emission tomography (microPET) can provide in vivo molecular imaging at sufficient resolution to resolve neuronal activities in the rat brain, it has been proposed
as a minimally invasive method for detecting apoptosis in the brain using the tracer
[18F]-labeled DFNSH. In this study, the effect of ISO and N2O on the uptake and
retention of [18F]-DFNSH in the brains of different aged rats and the potential
protective effect of acetyl-l-carnitine (ALC) on anesthetic-induced neuronal cell
death were investigated using microPET/CT imaging. On PND 7, rat pups in the
experimental group were exposed to a mixture of 70% N2O/30% oxygen and 1%
ISO for 8 hours with or without ALC and control rat pups were exposed to room
air only. On PNDs 14, 21 and 28, [18F]-DFNSH (18.5 MBq) was injected i.p.
and thirty minutes later microPET/CT images were obtained over 90 minutes.
Radiolabeled tracer accumulation in a region of interest in the frontal cortex was
converted into Standard Uptake Values (SUVs). In PND 14 rats the uptake of
[18F]-DFNSH was significantly increased in gaseous anesthetic-treated rats.
Additionally, the duration of tracer wash-out was prolonged in the gaseous anesthetic-treated animals. The uptake of the tracer was attenuated in brains of rats
when they have been treated with ALC (100 mg / kg). No significant difference was
found in radiotracer uptake in the frontal cortex of the brains of PND 21 and 28
rats compared with same aged controls. This result, which is consistent with our
previous TUNEL studies, demonstrates that enhanced apoptotic effects are apparent during early developmental stages (PND 7-14) and that no significant neuronal
apoptosis occurs on or after PND 21. Acetyl-l-carnitine effectively blocks the neuronal apoptosis caused by inhalation anesthetics in the developing rat brain.
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PROTEIN BIOMARKER PROFILES DISCRIMINATE
BETWEEN SENSITIZING AND IRRITATING
CHEMICALS IN CELL-BASED ASSAYS.

P. Budde1, S. Selzer1, S. Koncarevic1, E. Schofield2, K. Kuhn1, H. Johansson3,
M. Lindstedt3, C. A. Borrebaeck3, H. Zucht1 and E. Roggen4. 1Proteome Sciences
R&D GmbH & Co. KG, Frankfurt am Main, Germany, 2Proteome Sciences plc,
Cobham, United Kingdom, 3Department of Immunotechnology, Lund University,
Lund, Sweden and 43Rs Management and Consultancy, Kgs. Lyngby, Denmark.
Introduction: Common environmental and industrial small molecular weight
chemicals can cause allergic contact dermatitis. Current safety testing relies upon
animal testing which will shortly be banned by the European Union and so alternate in vitro tests are urgently needed. In this study, we investigated whether protein expression signatures in MUTZ3 as a surrogate dendritic cell model can be
used as biomarker read-outs to discriminate between chemical sensitizers and irritants.
Materials and Methods: MUTZ3 cells were exposed for 24 h to a set of training
chemicals comprising 2 respiratory, 5 contact sensitizers, 3 non-sensitizers and vehicle controls. Cell extracts and cell culture medium were collected for proteomics
analysis. Protein expression profiling was performed with isobaric tandem mass tag
(TMT®) labelling for relative and absolute mass spectrometric quantitation.
Results: Using univariate statistics and linear prediction models (partial least square
regression, PLS) we have developed a protein signature for testing contact and respiratory sensitizers comprising 130 proteins that are involved in inflammatory and

QUANTATIVE ASSESSMENT OF ACETYL-CARNITINE
EFFECTS ON ANESTHETIC-INDUCED NEURONAL
DEATH BY MICROPET/CT IMAGING.

METABOLOMIC ANALYSIS OF ARGININE
METABOLISM IN RAT PLASMA FOR AN INDICATOR
OF HEPATIC INJURY.

W. Saito, S. Yamauchi, K. Watanabe, T. Matsuyama, K. Kumagai, N.
Kiyosawa, K. Mori and A. Sanbuissho. Medicinal Safety Research Laboratories,
Daiichi Sankyo Co., Ltd., Fukuroi, Shizuoka, Japan. Sponsor: M. Teranishi.
To clarify the relationship between arginine metabolism and hepatic injury, metabolic profile involved in arginine metabolism were investigated by metabolomic
analysis in the rat hepatic injury models by monocrotaline (MCT), concanavalin A
(ConA), and α-naphthyl isothiocyanate (ANIT), or the non-hepatic injury model
by tetramethyl-p-phenylenediamine (TMPD). Male F344 rats were treated with a
single dose of MCT (0, 30, 100 or 300 mg/kg, p.o.), Con A (0, 3, 20 or 30 mg/kg,
i.v.), ANIT (0, 25, 50 or 100 mg/kg, p.o.) or TMPD (0, 3 or 9 mg/kg, p.o.), and
plasma, serum or liver samples were obtained at several time points for
metabolomic analysis by liquid chromatography mass spectrometry and gas chromatography mass spectrometry, blood chemistry or histopathology, respectively.
MCT, ConA and ANIT induced hepatocellular necrosis accompanied by increased
serum aminotransferase (ALT) and decreased plasma arginine levels in dose- and
time-dependent manner, but TMPD treatment did not induced hepatic injury or
changes in arginine levels even though ALT elevation was noted. A close correlation
(r = -0.74 to -0.80, N = 60) between increased ALT and decreased plasma arginine
levels were confirmed in these hepatic injury models. Among the identified 10
metabolites involved in arginine metabolism, several metabolites were commonly
increased or decreased in the hepatic injury models. Interestingly, increased ornithine level was evident in line with decreased arginine levels in the arginine metabolism, whereas citrulline and urea levels were not changed. Furthermore, the
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plasma showed a high activity of arginase. These results indicate that arginine metabolism, especially arginine to ornithine pathway is mainly involved in the compound-induced hepatic injury, and plasma arginine and ornithine would be specific
indicators for hepatic injury.

527

CHANGING PARADIGMS IN ACETAMINOPHEN
TOXICITY: PLASMA PROTEIN ADDUCTS AND LIVER
GLUTATHIONE LEVELS IN MICE.

M. R. McGill1, M. Lebofsky1, G. J. Murray2, D. E. Rollins2, C. D. Williams1
and H. Jaeschke1. 1Pharmacology, Toxicology, and Therapeutics, University of Kansas
Medical Center, Kansas City, KS and 2Center for Human Toxicology, University of
Utah, Salt Lake City, UT.
Acetaminophen (APAP) overdose is the foremost cause of acute liver failure in the
West. The drug is metabolized to the electrophile N-acetyl-p-benzoquinone imine
(NAPQI), which binds and depletes glutathione (GSH). The initiating event in the
mechanism of injury is binding of NAPQI to proteins. Early studies found that loss
of 70% of baseline GSH was necessary for protein binding and this has become a
paradigm in electrophile-protein adduct toxicity. Based on this, it has been suggested that APAP-protein adducts could be measured clinically as a novel serum
biomarker to confirm or exclude APAP as cause of liver injury when etiology is unknown. However, more recent data from therapeutic doses in humans have challenged that idea (Heard et al. BMC Gastroenterol. 2011). To study this in more detail, we treated mice with different doses of APAP and measured plasma enzymes,
histology, liver GSH, and liver and plasma adducts between 0.5 and 24h. At toxic
doses (150-600 mg/kg), liver GSH was rapidly depleted (0.3 ± 0.1, umol/g liver
0.5h after 300 mg/kg vs. 4.1 ± 0.2). As expected, increased liver adducts paralleled
GSH loss. Interestingly, plasma adducts were easily detected in these mice within
0.5h of treatment and peaked at 3h (9,568 ± 1,399 ng/mL after 300 mg/kg), before
the onset of necrosis. At a subtoxic dose (75 mg/kg), GSH levels were depleted (0.6
± 0.1 umol/g at 0.5h vs. 4.5 ± 0.2 in controls) but quickly recovered. Importantly,
plasma adducts were detected (95 ± 28 ng/mL at 0.5h) without enzyme release at
any time point. Finally, while a therapeutic dose (15 mg/kg) caused only a minor
decrease in GSH, liver adducts were readily detectable. Conclusion: Contrary to
early reports, GSH depletion is not required for APAP-protein binding. Moreover,
protein adducts were detectable in mouse plasma at non-toxic doses of APAP.
Caution should be used in interpretation of plasma adducts as a biomarker of APAP
overdose.
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MULTIPLEX-BASED NEPHROTOXICITY BIOMARKERS
AND NMR-BASED METABOLOMICS IN A MODEL OF
GLOMERULAR NEPHRITIS IN RATS.

B. Riefke1, I. Groeticke2, A. Frisk3, S. Gruendemann4, M. Raschke1, M.
Pavkovic5, H. Ellinger-Ziegelbauer5, H. Schaecke2 and F. McDonald2.
1Investigational Toxicology, Bayer Pharmacology, Berlin, Germany, 2Common
Mechanism Research, Bayer Pharmacology, Berlin, Germany, 3Research Pathology,
Bayer Pharmacology, Berlin, Germany, 4MedChem Technologies VI, Bayer
Pharmacology, Berlin, Germany and 5Investigational Toxicology, Bayer Pharmacology,
Wuppertal, Germany.
Substantial progress has been made in the qualification of biomarkers for nephrotoxicity. However biomarkers which specifically report damage associated with the
glomerulus are not known. To evaluate the potential of multiplex kidney biomarkers and NMR-based metabolic profiling, an experimental nephrotoxic serum
(NTS) induced glomerular nephritis model was used. For biomarker evaluation
serum and urine of Sprague-Dawley (SD) and Wistar Kyoto (WKY) rats were collected before and on day 8 and 14 after a single intravenous injection of NTS containing sheep antibodies against the glomerular basal membrane. NTS was injected
at 0.15 and 0.5 mL/100 g body weight (bw) in SD rats and at 0.1, 0.25 and 0.5
mL/100 g bw in WKY rats. Histopathology revealed a dose dependent glomerulonephritis with hypercellularity, mesangial hyperplasia and infiltration of
mononuclear cells and an increase in eosinophilic glomerular PAS positive matrix.
Additionally, dose dependent tubular regeneration and degeneration was observed
in both strains. Serum cholesterol was increased and albumin decreased on day 14.
Urinary protein was increased at day 8 and 14 without glucosuria. Beta2microglubulin, Clusterin and Cystatin C as well as TIMP-1 were increased on day 8
and 14 in SD rats, whereas Clusterin, KIM-1, Cystatin C were elevated in WKY
rats indicating slight differences in glomerular damage. Metabolic profiling of the
urine revealed dose dependent changes on day 8 and day 14 with increased excretion of lipids, carbonic acids, and lower glucose levels compared to controls. The
metabolic profile is distinct from that observed when the proximal tubules are damaged and thus carries site specific information.
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A TOXICODYNAMIC RENAL BIOMARKER PROFILE OF
ETHYLENE GLYCOL-INDUCED ACUTE KIDNEY
INJURY.

L. Besenhofer1, 2, M. C. Cain2, L. B. Kinter1, D. Brott1, P. Bentley1, J. Fikes1
and K. E. McMartin2. 1Safety Assessment US, AstraZeneca, Waltham, MA and
2Department of Pharmacology, Toxicology and Neuroscience, Louisiana State
University Health Sciences Center Shreveport, Shreveport, LA.
Urinary renal biomarkers (URB) are important new tools with which to monitor
diagnosis, progression and recovery of drug-induced acute kidney injury (AKI).
Drug-induced crystalluria is a problematic toxicity for which URBs could provide
valuable translational tools to monitor compound safety in clinical development.
This study investigated the URB profile associated with onset and development of
crystalluria-induced AKI. Ethylene glycol (EG) is a well characterized nephrotoxicant resulting from formation and accumulation of calcium oxalate crystals in proximal tubules leading to AKI, and co-treatment with aluminum citrate (AC) can
mitigate EG nephrotoxitity. Male Wistar rats (n=6/group) received (po) water (10
ml/kg; controls), EG (6 g/kg), or EG + AC (0.2 mmol/kg) and were placed in
metabolic cages. Urine was collected at 12 h intervals for 72 h and analyzed for 8
renal biomarkers: αGST, GSTYb1, renal papillary antigen (RPA), clusterin, albumin, lipocalin, osteopontin and KIM-1. Both GST isoforms were transiently increased at 12 h in EG and EG + aluminum-citrate treated rats indicative of an early
non-segment specific injury. Clusterin, lipocalin and KIM-1, all markers for proximal tubule injury, were increasing in EG-treated rats compared to controls between
36 and 48 h and these increases were attenuated by treatment with AC. RPA was
increased in both EG and EG + AC-treated animals compared to controls starting
at 48 h and is likely due to the shear stress of crystals passing through the distal portion of the nephron at the later timepoints. This study shows that calcium oxalate
crystalluria resulting from EG treatment produces a unique toxicodynamic renal
biomarker profile with dimensions of both treatment and time, and offers potential
as a surrogate for repeated histologic monitoring to detect transient changes in progression of acute kidney injury.

530

INVESTIGATION OF SERUM MICRORNAS AS
BIOMARKERS OF LIVER INJURY IN RATS.

A. T. Smith1, D. Hamlin1, H. Qian2, C. Thomas1 and G. Searfoss1.
1Investigative Toxicology, Eli Lilly and Company, Indianapolis, IN and 2StatisticsDiscovery/Development, Eli Lilly and Company, Indianapolis, IN.
MicroRNAs (miRs) are short 20-22 nucleotide RNA molecules that are involved in
the fine tuning of gene expression at the translational level. Numerous miRs are expressed in a tissue/organ specific manner and thus there has been considerable interest in miRs as specific biomarkers for organ toxicity. Liver specific/enriched miR122 has been shown to increase in the serum of rats by thousands of fold when
treated with acetaminophen. In an attempt to verify and potentially discover novel
miRs associated with liver toxicity we conducted a serum miR profiling experiment
using rats treated with thioacetamide (results in hepatocellular necrosis), allyl alcohol (results in hepatocellular necrosis and biliary effects including bile duct hyperplasia (BDH)) or alpha naphthylisothiocyanate ((ANIT) which results in BDH).
Bile duct hyperplasia can be difficult to detect in 4 day rat studies and identification
of a biomarker for BDH could help identify compounds associated with this liability. Serum miR profiling was conducted using TLDA cards and two independent
statistical analyses of the data were conducted. miRs increased in the serum were
compared against specific pathology findings (BDH vs necrosis) and confirmed by
single Taqman assays. Data analysis indicated that several miRs were increased in
the serum of ANIT treated rats, but of these, only miR-34c was detected in the liver
tissue (as well as brain and testes). Serum of rats treated with other BDH inducing
compounds were examined for increases in miR-34c but, no consistent correlation
between BDH and increases of miR-34c could be established. Analysis of our data
indicates that liver specific/enriched miRs-122 and -193 were increased in the
serum of rats in a dose dependent manner where hepatocellular necrosis was noted.
Candidate miRs for other pathologies including cardiac (miR-499), testicular/brain
(384-5p) and intestinal damage (miR-194) were identified, but require additional
validation.
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RAPID BIOMARKER ASSAY DEVELOPMENT ON THE
GYROS IMMUNOASSAY PLATFORM FOR RAT NGAL
AND TIMP-1: SENSITIVE FLUORESCENT
IMMUNOASSAYS FOR SAFETY ASSESSMENT.

M. J. Cameron1, K. Lich1, D. Hamlin2, V. Hughes2 and H. W. Smith2.
1Immunology, MPI Research, Mattawan, MI and 2Investigative Toxicology, Eli Lilly
and Company, Indianapolis, IN.
Neutrophil gelatinase-associated lipocalin (NGAL) is a 178 amino acid protein secreted from specific granules of activated neutrophils. Its synthesis is also induced
in epithelial cells during inflammation. Serum NGAL has been reported to be a
useful biomarker for detection of inflammation and tissue damage, including kidney injury. Tissue inhibitor of metalloproteinase 1 (TIMP-1) is another marker of
inflammation as an inhibitor of the metalloproteinases (MMPs). TIMP-1 is a 194
amino acid secreted glycoprotein that is widely expressed in many cells such as fibroblasts, endothelial cells, vascular smooth muscle cells and monocytes. The release of TIMP-1 is considered to be a modulator of an inflammatory response (antiinflammatory). TIMP-1 has been proposed as a biomarker for many tissue injuries,
including kidney and vascular toxicity. In rodent studies, NGAL and TIMP-1 have
been employed as safety biomarkers to assess toxicological risk in the early stages of
drug development. Their use has, however, been limited by the volume requirements for current single-plex assays combined with a loss of analyte sensitivity in
multi-plex formats. We have identified an immunoassay platform that can provide
sensitivity with microliter quantities of sample for quantitation of serum NGAL
and TIMP-1 concentrations. The Gyros® immunoassay platform facilitated rapid
development of assays with broad dynamic ranges, good sensitivity at low minimum required dilutions, and tight precision. The Gyros assays developed for rat
NGAL and TIMP-1 serum samples may become valuable tools for monitoring
drug toxicity and safety assessments in the preclinical setting.
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LYSOSOMAL AND URINARY PROFILES OF BISMONOACYLGLYCEROPHOSPHATES (BMPS) IN
FLUOXETINE-TREATED RATS.

L. LeCureux1, P. Shipkova2, D. Robertson1, M. Reily3 and L. LehmanMcKeeman1. 1Discovery Toxicology, Bristol-Myers Squibb, Princeton, NJ, 2MSHopewell, Bristol-Myers Squibb, Hopewell, NJ and 3NMR, Bristol-Myers Squibb,
Princeton, NJ.
BMP, particularly the 44:12 (22:6/22:6) lipid moiety is suggested to be a urinary
biomarker of phospholipidosis (PLD). The purpose of this work was to characterize
lysosomal phospholipid composition, with emphasis on phosphatidylglycerols
(PG) and BMPs, in fluoxetine-induced PLD. Alveolar macrophages were isolated
from male rats dosed with fluoxetine (30 mg/kg; 3 days), and lipids from isolated
lysosomes were analyzed by high resolution accurate mass LCMS. PGs were more
abundant than BMPs in control rat lysosomes, with PG (32:0) the predominant
species (normalized value of 911 units/mg protein). The most abundant BMP
(40:8) had a normalized value of 13, whereas BMP 44:12 was 1.6. In fluoxetine
treated rats, all PGs and BMPs increased 1.7 to 5-fold in lysosomes. PG (32:0) remained most abundant, increasing 1.7-fold. BMP (40:8) increased 3.3-fold,
whereas BMP (44:12) increased 1.9-fold. Lysosomal phosphatidylcholines (PCs)
also increased 2-5 fold after fluoxetine treatment. In urine, BMP (44:12) was most
abundant, increasing 3-fold with fluoxetine treatment, whereas BMP (40:8) increased approximately 10-fold. Excretion of other BMPs (38:6, 36:4, 42:8 and
40:6) increased 20 to 50-fold with early PLD. In contrast, urinary excretion of PCs
was unchanged at 3 days. These results demonstrate that numerous BMPs increase
in both urine and the subcellular target site for PLD (lysosomes), and suggest that
BMPs other than or in addition to 44:12 may be candidate biomarkers of PLD.
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EVALUATION OF URINARY KIDNEY INJURY
BIOMARKERS AND PHARMACOLOGICALLY-ACTIVE
RENAL THERAPEUTIC DRUGS.

M. Wagoner, L. R. Cheatham, F. McGrath, P. Bentley, E. DeJesus, L. FosterBrown, D. A. Brott, J. D. Fikes, Y. Dragan and L. B. Kinter. Safety Assessment,
AstraZeneca Pharmaceuticals, Waltham, MA.
Drug-induced kidney injury (DIKI) accounts for 25% of incidences of acute renal
failure, and approximately 5% of failures of new drugs. The predictive safety testing
consortium (PSTC) has been developing a set of urinary biomarkers and examining
their utility as preclinical biomarkers of DIKI. These protein biomarkers demonstrate improved sensitivity over clinical standard-of-care biomarkers serum creatinine (SCr) and blood urea nitrogen (BUN) in the detection and monitoring of
DIKI progression. An important feature of any biomarker of DIKI, however, is the

ability to distinguish drugs that cause injury from those that impact kidney function without inducing injury. To determine whether this new generation of DIKI
biomarkers are sensitive to altered renal function, we treated Wistar rats
(8/sex/group) with enalapril (ACE inhibitor, 20 mg/kg/d), acetazolamide (carbonic
anhydrase inhibitor, 10 mg/kg/d), probenecid (organic anion transporter inhibitor,
300 mg/kg/d) and cimetidine (organic cation transporter, 100 mg/kg/d) for 14
days with a 7 day recovery period. Renal histology and urinary protein biomarkers
of kidney injury were monitored over the dosing and recovery periods, and revealed
a trend toward increases in the distal tubule injury marker mu-GST in response to
enalapril, acetazolamide, probenecid, and cimetidine, all in the absence of histological injury. In contrast, levels of KIM-1, clusterin, alpha-GST, albumin, lipocalin-2,
and osteopontin are all relatively stable in response to these renally-active but nonnephrotoxic drugs. This work suggests that KIM-1, clusterin, alpha-GST, albumin,
lipocalin-2, and osteopontin, but perhaps not mu-GST, distinguish between druginduced changes in renal nephron function and injury in rats, enhancing their utility as DIKI biomarkers.
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ASSESSMENT OF CARDIAC BIOMARKERS IN
NONHUMAN PRIMATES (NHP).

J. C. Mirsalis, N. Chini, D. Vuong, J. Gahagen, M. Patrick, B. Schneider, K.
Tinajero, K. Lopez and T. Parman. Preclinical Development, SRI International,
Menlo Park, CA.
Biomarkers of cardiac toxicity are widely used in clinical settings to assess patient
cardiovascular health, and a newer generation of cardiac biomarkers have recently
been developed for use in rodents; however, there are no validated biomarkers suitable for use in NHP. We evaluated a variety of available rodent and human biomarkers in two NHP species: African green monkeys and Rhesus macaques.
Endpoints included electrocardiograms (ECGs), echocardiography, MesoScale
Discovery® (MSD) rat and human muscle injury panels, and histopathology. Two
animals/sex were administered a single subcutaneous (sc) injection of isoproterenol
(IPT; 4 mg/kg). Blood samples were collected prestudy and at 1, 4, 24, 48 and 72
hr postdose. Blood was evaluated with a Triage® cardiac kit and MSD muscle injury kits (rat: cTnI, cTnT, FABP3, Myl3, sTnI; human: TNI, CKMB). IPT produced significant increases in cardiac biomarkers: cTnI, cTnT, FABP3 and Myl3
were increased 150-, 1285-, 68- and 619-fold, respectively, over predose levels 24hr after dosing in African green males, with similar results seen in females. Results
in Rhesus macaques were similar, but less pronounced, with males at 24 hr showing
increases of 13-, 10-, 3- and 25-fold over predose, respectively, and females had
similar results. The peak response time appears to be either 4 or 24 hr for each parameter, though most parameters remained elevated 72 hr postdose. Human TnI
and CKMB were far less responsive with increases of only 0.9- to 4.4-fold for all parameters in both species at any time point. The traditional human Triage® panel
showed modest activity for Troponin I and sporadic responses for myoglobin, but
the sensitivity and reproducibility were far less than that seen with the MSD biomarkers. These results indicate that the MSD rat muscle injury panel provides excellent sensitivity for assessing cardiac effects in two different NHP species. Work
supported by NIAID Contract N01-AI-70043.
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COMBINING URINARY BIOMARKERS,
TRANSCRIPTOMIC AND METABONOMIC TOOLS FOR
EARLY DETECTION OF NEPHROTOXICITY IN THE
RAT.

A. Licznar1, F. Goldfain-Blanc1, H. Bertheux1, B. Chachay1, V. Croixmarie2, A.
Liegeois2, C. Boursier-Neyret2, R. Gauchet1, A. Beamonte1, R. J. Weaver1 and
N. Claude1. 1Drug Safety, Servier, Gidy, France and 2Metabolism Department,
Servier, Orléans, France.
During early preclinical development, a new drug candidate induced nephrotoxicity in rats following daily p.o. administration for 7 days. Renal lesions consisted of
scattered nuclear enlargement in tubular cells at low dose and tubulopathy (mixture
of dilation, degenerative and regenerative changes) at higher doses. Traditional
serum kidney parameters remained silent, thus precluding their use as surrogates
for further non-clinical or clinical studies. To identify early biomarkers, a mechanistic study in male rats was performed at low and high doses with sequential examination at 6h, 24h, 3 and 7 days combining kidney histology and transcriptomic
profiling in the cortex and medulla, urinary and serum metabonomics as well as
urinary kidney biomarkers. No histological kidney lesions were observed at 24h,
while tubular changes were seen after 3 or 7 days of dosing with time-related severity scores. The transcriptomic fingerprints of treated and control rats were clearly
different at 6h with a deregulation of genes not specifically associated with kidney
injury. By contrast, a number of gene expression changes commonly associated with
kidney toxicants (e.g. Calb1, Havcr1/kim1, clusterin, TIMP1, Spp1/osteopontin,
ATF3) as well as overt changes in urinary microalbumin, KIM-1 and clusterin were
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observed at 24h or after 3 days when histological lesions were either absent or minimal. In parallel, urinary metabonomics evidenced obvious and time-related
changes in endogenous metabolites which could act as additional biomarkers for
the observed toxicity e.g. citric acid cycle members in urine and serum phospholipids. A cross-parameter analysis identified a discriminating pattern of omics and
urinary biomarkers considered as more sensitive than early histology alone for prediction of the observed toxicity. This combined analysis will add greater confidence
in the selection and prioritization of back-up candidates during early preclinical development.

536

HIGH CORRELATION OF NOVEL SKELETAL MUSCLE
INJURY BIOMARKERS TO CREATINE KINASE
ACTIVITY IN HUMAN VOLUNTEERS AFTER
PROLONGED EXERCISE.

J. E. Sidaway1, L. Bate1, M. Mattson3, B. Glinghammar2 and C. J. Betts1.
1Safety Assessment UK, AstraZeneca, Macclesfield, Cheshire, United Kingdom, 2Safety
Assessment Sweden, AstraZeneca, Södertälje, Sweden and 3Åstrand Laboratory of Work
Physiology, The Swedish School of Sport and Health Sciences and Karolinska Institute,
Stockholm, Sweden.
Creatine kinase (CK) is a widely used blood based biomarker of skeletal muscle injury in humans and preclinical species. However due to the cardiac and skeletal
muscle expression of CK isoforms, the ability of current CK enzyme activity based
assays to specifically diagnose skeletal muscle injury is limited. The Meso Scale
Discovery (MSD, Gaithersburg) Muscle Injury Panel 1 (MIP1) is an immunological electrochemiluminescent assay that has been developed to detect multiple rat
proteins with restricted expression in heart and/or skeletal muscle. The assay detects
fatty acid binding protein 3 (FABP3, heart/skeletal muscle), myosin light chain 3
(Myl3, heart/skeletal muscle) and skeletal troponin I (sTnI, skeletal muscle) and
cardiac troponin T and I (cTnT and cTNI, heart). We have evaluated the performance of the novel biomarkers in humans with exercise induced muscle injury.
Plasma was collected from 37 human volunteers before and after prolonged exercise
in sports competitions ranging from 48-150 hours in duration. CK enzyme activity
was increased 29.5 fold after exercise (mean +/- standard deviation was 131 ± 62
U/mL before exercise and 3866 ± 3327 U/mL after exercise, P< 0.001). FABP3,
Myl3 and sTNI were all significantly increased after exercise (9.0 fold, 41.7 fold
and 11.0 fold respectively, all P<0.001), whereas cTnT and cTnI were undetectable, suggesting that the injury was restricted to skeletal muscle. FABP3, Myl3
and sTNI also showed a higher correlation to CK activity (Spearman r value of
0.93, 0.88, and 0.93 respectively). In summary we have shown that novel skeletal
muscle injury markers are induced in humans in response to prolonged exercise,
correlate highly with CK activity, and have potential utility for assigning skeletal
muscle damage with more specificity than conventional assays.
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THE INTERPRETATION OF STRIATED MUSCLE
TOXICITY BIOMARKERS IN NONCLINICAL SPECIES:
A CASE SERIES.

J. Wright, C. Davies and P. Mistry. Syngenta, Bracknell, United Kingdom. Sponsor:
R. Peffer.
There are a number of serum biomarkers indicative of striated muscle toxicity.
Traditional biomarkers including creatine kinase (CK), lactate dehydrogenase
(LDH) and aspartate transaminase (AST) are commonly used. However, they lack
the ability to differentiate between tissue-specific damage. Serum myoglobulin,
fatty acid binding protein 3 (Fabp3) and troponins (TnT isotypes, TnI isotypes and
TnC) have been reported to provide improved specificity for the detection of cardiac and skeletal muscle toxicity. This case series describes a number of non-clinical
studies examining the relationship between serum biomarkers and histopathological change. Rats and dogs were exposed to sulfonyl isoxazoline chemistries for 4 to
28 days via daily diet or gavage. Histopathology evaluation revealed a dose-dependent relationship in the muscle damage in both cardiac tissue and fast- and slowtwitch skeletal muscle (diaphragm, soleus and bicep femoris). Interestingly the temporal relationship and the magnitude of change in serum biomarkers did not
correlate well with the severity of the observed muscle insult. There were also differences between species ¬– in rats early change in tissue-specific tropinin isotypes
(eg. cTnI), CK, LDH and AST was not detected, despite the presence of muscle
pathology. In dogs, the converse relationship was often observed, significant early
increases in tissue-specific biomarkers reflected only minimal histopathological
findings. These data illustrate the temporal and species-specific complexity of
serum biomarkers for predicting striated muscle toxicity. Further ongoing work includes transcriptome and protein profiling of tissues taken from these studies to explore mechanistically relevant pathways.
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INDIVIDUAL BILE ACID CHANGES ASSOCIATED
WITH BILE DUCT HYPERPLASIA IN PRECLINICAL
MODELS.

L. Luo, S. J. Schomaker and J. L. Colangelo. Drug Safety R&D, Pfizer Inc.,
Groton, CT.
Bile duct hyperplasia (BDH) findings are concern during drug development since
they may be accompanied by various abnormalities, such as portal inflammation,
cholestasis and biliary injury. The relevance and predictive value of BDH in animals
for drug induced liver injury (DILI) in humans are under investigation. The purpose of this study was to evaluate potential biomarkers of BDH in mice and rats
using tool compounds and company developed compounds. A validated
LC/MS/MS method to quantitate three individual bile acids (IBAs), taurocholic
acid, glycocholic acid and cholic acid, was deployed to analyze serum samples from
these studies. Results were compared against histopathology findings and standard
clinical chemistry parameters. The concentrations of taurocholic acid and glycocholic acid increased significantly in the animals with BDH findings. The three bile
acids evaluated remained unchanged in animals dosed with compounds that did
not induce BDH. The data were consistent for both species. No changes in clinical
chemistry parameters, such as ALT, AST, ALP, GGT, GLDH and TBIL, were observed. Laboratory data has demonstrated that cholic acid in serum significantly increases in rats dosed with compounds causing necrosis and cholestasis. Cholic acid
was more specific for necrosis than glycocholic acid and taurocholic acid, yet these
two bile acids corresponded better with BDH in preclinical models. These results
demonstrate the potential utility of individual bile acids as biomarkers of BDH in
preclinical species, and the potential for relationships to be established between individual bile acids and specific liver toxicity findings.
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EVALUATION OF CALCINEURIN ACTIVITY AS A
BIOMARKER OF IMMUNOSUPPRESSION IN LUNG
TRANSPLANT PATIENTS.

S. Sanquer1, C. Amrein2, R. Barouki1 and M. Stern3. 1Hôpital Necker-Enfants
Malades, Paris, France, 2HEGP, Paris, France and 3Hôpital Foch, Suresnes, France.
Introduction: Optimal immunosuppression is difficult to achieve. Inadequate immunosuppression can provoke transplant rejection whereas excessve immunosuppression predisposes to infection or malignancy. To circumvent possible adverse
events a biomarker of immunosuppression is needed. Since anti-calcineurin drugs
are the standard for rejection prophylaxis after lung transplantation (LT), we have
investigated whether calcineurin activity (CN-a) could be a biomarker of immunosuppression in LT patients.
Methods: 107 patients entered the study from March 2004 to August 2008. CN-a
was measured once a month during the first 6 months after LT in mononuclear
cells isolated from whole blood by quantifying by HPLC the dephosphorylation of
a phospho-RII peptide. Episodes of acute rejection were diagnosed on the basis of
lung function and biopsy results. Pulmonary function was estimated according to
the spirometric data FEV1 and FEF25-75. Chronic rejection was diagnosed according to the ISHLT criteria. Adverse events such as infections and malignancies
was recorded.
Results: CN-a tended to be increased in patients who were treated for acute rejection as compared to patients who were not (66 vs 52 pmol/mg/min, p=0.09). An
inverse relationship between CN-a levels at a given month and the difference in
spirometry values displayed 1 month apart was found. Interestingly patients with
CN-a levels outside the range of 10-100 pmol/mg/min were those who displayed
an altered evolution of their spirometric values as well as a lower freedom from
chronic rejection (19% vs 67%, p=0.0326). Moreover, we found that patients who
displayed extremely low CN-a levels (<10 pmol/mg/min) possibly related to overimmunosuppression developed more adverse events such as infection and malignancy.
Conclusion: These results suggest that CN-a could be a biomarker of immunosuppression and could be useful to reduce not only the occurrence of rejection related
to an inadequate immunosuppression but also the development of severe complications related to exceedingly immunosuppression.
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BIOMARKERS FOR STEATOHEPATITIS (ASH, NASH,
TASH).

M. Cave1, 3, H. Shah1, B. Wheeler1, Y. Mannery1, K. Falkner1, B. Wahlong1
and C. McClain1, 2, 3. 1Department of Medicine/GI, University of Louisville,
Louisville, KY, 2Pharmacology and Toxicology, University of Louisville, Louisville, KY
and 3Louisville VAMC, Louisville, KY.
Steatohepatitis may be caused by industrial chemical toxicants (TASH), obesity
(NASH), or alcohol (ASH). The purpose of this study was to compare and contrast
serologic biomarkers in human subjects with NASH (n=55), ASH (n=50), and

TASH (due to occupational vinyl chloride exposures, n=16), vs. healthy controls
(n=11). Serum aminotransferase activities were measured by clinical chemical analyzer; cytokeratin 18 (CK18) was measured by ELISA (Diapharma); adipocytokines were measured by multi-analyte chemiluminescent detection (Milliplex);
and antioxidant activity was measured using a kit (Cayman). ASH and NASH were
both associated with increased aminotransferase activities (ASH: AST>ALT;
NASH: ALT>AST), while aminotransferases were normal in TASH. All steatohepatitis groups had increased CK18 M65 (necrosis biomarker) compared to controls;
while CK18 M30 (apoptosis biomarker) was increased only in ASH and NASH.
Hyperinsulinemia was present in all steatohepatitis groups; although the mechanisms for this appeared to be different. Adiponectin was low (vs. healthy controls)
in NASH and TASH, but was markedly elevated in ASH. Leptin was elevated only
in NASH. The pro-inflammatory cytokines, TNF-α and IL-6, were elevated in
both ASH and TASH. IL-1β and IL-8 were elevated only in ASH. Pro-inflammatory cytokine levels were normal in NASH. Serum antioxidants were low in all etiologies of steatohepatitis, but were lowest in the NASH group. The hepatocellular
death biomarker, CK18, appears useful for the diagnosis and sub-classification of
steatohepatitis. ASH and NASH were associated with significant degrees of hepatocellular apoptosis, while TASH was primarily necrotic. Insulin resistance was present in all etiologies of steatohepatitis, although adipokine profiles were divergent.
ASH and TASH (to a lesser degree) were associated with increased inflammatory
biomarkers. NASH was associated the greatest antioxidant depletion. Funding
sources include NIH and State of Kentucky.
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MASS SPECTROMETRY ASSAYS FOR STEROIDS IN
TOXICITY ASSESSMENTS.

K. Navetta, D. Wolford, R. Drago and J. Colangelo. Drug Safety Research and
Development, Pfizer, Groton, CT.
The accurate measurement of steroid levels in pre-clinical species has become increasingly important during drug development because changes in steroids levels
have been linked to a variety of toxicities. Antibody-based methods such as radioimmunoassays (RIA) and enzyme-linked immunosorbent assays (ELISA) are
commonly used for steroid analysis due to their ease of use and sensitivity. A major
disadvantage of RIA and ELISA kit-based assays is the potential of the antibodies to
cross-react with other analytes of similar structure resulting in falsely high results.
Additionally, many kits are non-transferrable to different species or matrices, requiring the scientist to locate, purchase and evaluate multiple kits for the same analyte. To assess the feasibility of transferring steroid assays from kits to a mass spectrometer-based platform (MS), a direct comparison between platforms was
conducted with aldosterone, corticosterone and 25-hydroxy (OH) vitamin
D3[25(OH)D3]. Three major benefits were observed when comparing MS to antibody-based assays: lower costs, shorter data delivery times, and increased specificity.
For example, the MS assay for aldosterone costs ten times less to run and data is reported two days sooner; the corticosterone assay uses five times less sample volume;
the 25(OH)D3 assay can differentiate between the D2 and D3 forms. Detection
limits and assay precision for the MS assays are comparable to those observed in the
kits. The quantitation range for aldosterone is 0.01 to 100 ng/ml, for corticosterone
is 10 to 1000 ng/ml, and for 25(OH)D3 is 5 to 150 ng/ml. Precision is within 25%
for all three assays. These assays have been applied to multiple pre-clinical species,
including rat, dog, and monkey, as well as to multiple biological matrices, including
serum, plasma, and urine. As MS is becoming established in the clinical setting, this
platform is broadening its impact in clinical pathology applications, enhancing
drug development. These changes not only provide substantial cost and time savings, but they provide higher quality data for drug development.
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NT-PROANP, cTnI, AND ECHOCARDIOGRAPHY ARE
EARLY MARKERS OF MINOXIDIL-INDUCED
STRUCTURAL AND FUNCTIONAL CHANGES OF THE
LEFT VENTRICLE IN RATS.

M. E. Dunn1, M. Sanders1, D. Coluccio1, R. Nicklaus1, I. Mikaelian1, T. S.
Zabka1, W. Geng1, M. Reddy1, L. Doessegger2, T. Singer2 and G. Hirkaler1.
1Nonclinical Safety, Hoffmann-La Roche Inc., Nutley, NJ and 2Nonclinical Safety,
Hoffmann-La Roche Inc., Basel, Switzerland.
Introduction: Advances in biofluid assay technology combined with enhanced in
vivo imaging now provide the sensitivity, accuracy, and reproducibility necessary
for their validation and subsequent incorporation into routine toxicity studies. The
usage of these biomarkers will beneficially impact the cardiovascular (CV) liability
assessment of development compounds.
Methods: Male rats were orally dosed with vehicle or Minoxidil (M) (100
mg/kg/day) for 7 or 14 days. Echocardiography was performed the day prior to
dosing (-1) and on Days 7 and 14. Serum was collected on Days -1, 3, 7, 11 and 14

for the assessment of cardiac troponin I (cTnI) using an ultrasensitive assay and Nterminal pro-atrial natriuretic peptide (NT-proANP) concentrations.
Histomorphologic evaluation was performed on Days 8 and 15.
Results/Discussion: Administration of M for 7 and 14 days resulted in CV changes
to the left ventricle (LV) including an increase in chamber dimension, evident in diastole, with preserved indices of function. As a result, LV stroke volume increased
with a concomitant decrease in heart rate. Coincident with these CV changes, NTproANP increased on Day 3 and peaked on Day 7 and returned toward baseline
while serum cTnI progressively increased starting on Day 3. All biomarker changes
occurred in the absence of histomorphologic findings. These data suggest that subchronic M dosing induced a systemic vasodilatory response. As a result of the decrease in heart rate, LV filling was likely increased, resulting in chamber enlargement and the associated increase in serum biomarkers.
Conclusion: Herein, echocardiography, NT-proANP (stretch biomarker) and cTnI
were more sensitive than histopathology to identify the CV response to M, while
providing the advantage of being non-terminal. This multidisciplinary approach
has translational implications for the early identification of CV liabilities of compounds in development.
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URINARY MITOCHONDRIAL DNA AS A NOVEL
BIOMARKER OF ACUTE KIDNEY INJURY.

L. J. Stallons1, J. J. Rahn1, J. L. Blakely1, J. A. Funk1, S. S. Chan1, J. M.
Arthur2, 3 and R. G. Schnellmann1, 3. 1Pharmaceutical and Biomedical Sciences,
Medical University of South Carolina, Charleston, SC, 2Department of Medicine,
Division of Nephrology, Medical University of South Carolina, Charleston, SC and
3Ralph H. Johnson Veterans Administration Medical Center, Charleston, SC.
Acute kidney injury (AKI) is defined by the abrupt reduction in kidney function
and can be caused by numerous acute insults including drug toxicity, surgery,
trauma, and ischemia/reperfusion (I/R). Animal models of AKI have demonstrated
an important role for mitochondrial dysfunction, and mitochondrial components
are released from cells and tissues after diverse insults to act as damage-associated
molecular patterns (DAMPs) in signaling injury responses. Serum creatinine (SCr)
is the standard clinical marker for AKI, but the limited sensitivity of SCr has led to
recent efforts by multiple groups to identify novel biomarkers of AKI. The purpose
of this study was to determine if urinary mitochondrial DNA (mtDNA) is a biomarker of AKI and of mitochondrial dysfunction in AKI. We established a rat
model of renal I/R in which SCr increased from 0.5 to 2.2 mg/dl at 24 hr after surgery and returned to normal levels after 144 hr. We collected urine from sham and
I/R rats at 24 hr and concentrated 1 ml of urine using centrifugal filters. DNA was
isolated from concentrated urine, qPCR was performed using primers for the mitochondrial gene ND1, and ND1 was quantified using a standard curve of kidney
DNA. There was a 184-fold increase in the levels of ND1 in urine from I/R rats
compared to sham animals. We also examined mtDNA quantity in the urine of humans with AKI after cardiac surgery, control humans with normal renal function,
and humans with no AKI after cardiac surgery. We found a 100-fold increase in urinary ND1 from humans with AKI versus healthy controls and cardiac surgery patients with no AKI. Our results indicate that urinary mtDNA may be a novel, noninvasive biomarker of AKI and could be indicative of mitochondrial dysfunction in
renal toxicity.
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EARLY DETECTION OF KAINIC ACID
NEUROTOXICITY IN RATS USING NONINVASIVE IN
VIVO MAGNETIC RESONANCE IMAGING.

S. Liachenko1, J. Ramu1, M. G. Paule1, L. Schmued1 and J. Hanig2.
1Neurotoxicology, US FDA/NCTR, Jefferson, AR and 2Office of Testing & Research,
US FDA/CDER, White Oak, MD.
The current approach to neuropathology analysis in support of new drug submissions to the FDA (the use of 3 or 7 arbitrary histology slices) is prone to false-negative findings, meaning that small localized lesions can easily be missed. Modern
magnetic resonance imaging (MRI) techniques can provide unique information
about the whole brain structure and function in vivo with high resolution and contrast in three-dimensional space, non-invasively. The aim of this study was to develop sensitive MRI methods for detecting early neurotoxic changes in the brain of
living rats using established models of neurotoxicity. Male Sprague-Dawley rats (64
days old, 389 ± 34 g) were injected with kainic acid (KA, N = 2, 10 mg/kg, ip) or
saline (N = 2, 2 ml/kg, ip) after baseline MRI scans. Animals were continually
scanned for 2 hours in the MRI. Two days later animals were scanned again and euthanized for follow-up histopathological examination. MRI was performed using a
Bruker 7 tesla MRI with volume transmit and surface receive coils. Animals were
anesthetized with isoflurane and the body temperature was maintained at 37.3 ±
0.6°C. T2 relaxation mapping of the whole brain was performed using pixel-bypixel fitting of the signal decay in a multi-echo spin echo experiment. There were
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no changes in T2 values in any area of the brain of saline-treated animals, however,
KA led to significant increases in T2 in the hippocampus as early as 1 hour after administration. These changes were more pronounced at 2 hours and spread to larger
areas of the brain, including the amygdala, thalamus, and cortex 2 days after treatment. T2 water relaxation is very stable in normal tissue but may change due to
edema, cellular damage (necrosis, apoptosis), hemorrhage or other pathologies.
Such non-invasive biomarkers for the early preclinical detection of neurotoxicity
would benefit public health by extending the number of tools available for safety
evaluation of new drugs. (Supported by NCTR and CDER, FDA, #E0741801).
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CIRCADIAN VARIATIONS IN NEUROMETABOLITES IN
THE RAT BRAIN MEASURED USING NONINVASIVE
MAGNETIC RESONANCE SPECTROSCOPY.

J. Ramu and S. Liachenko. Neurotoxicology, US FDA/NCTR, Jefferson, AR.
Circadian rhythms in many physiological processes can impact drug response and
toxicity. The sensitivity of the central nervous system to neurotoxicants may also be
dependant on the phase of the circadian cycle and this may be due to variations in
the activity of neurotransmitters and other neural systems. The goal of this study
was to evaluate diurnal changes in neurometabolite profiles in naïve rats measured
using non-invasive magnetic resonance spectroscopy (MRS). Male Sprague-Dawley
rats (69.0 ± 1.5 days old, 367 ± 31 g) were subjected to MRS one hour after light
onset (7 am, N = 5, AM group) or offset (7 pm, N = 5, PM group) during the regular light cycle. MRS was performed using a Bruker BioSpec 7T/30 system with a
72 mm bird-cage transmit and a 4-channel phased array receive coil. Animals were
anesthetized with isoflurane and the body temperature was maintained at 37.0 ±
0.8°C. Spectroscopic voxels were positioned at the left anterior hippocampus.
Dynamic proton spectra were acquired for up to 2 hours at ~11 min/spectrum.
LCModel software was used to extract metabolite concentrations from individual
spectra and the statistical analysis was performed using ANOVA. Concentrations of
glutamate, N-acetylaspartate, taurine, and choline were all significantly lower in
AM group comparing to PM group (2 hrs after light onset or offset). However, at
the end of scanning (3 hrs after light onset or offset) all these differences disappeared. Concentrations of other significant neurometabolites (GABA, creatine, glutamine, and myo-inositol) were not significantly different between groups at any
time point. These data demonstrate that brain neurochemical composition is influenced by diurnal variation which may be one of the mechanisms underlying circadian fluctuations in neurotoxicity. The data also suggest that future toxicological
studies using MRS should be synchronized according to the circadian cycle.
(Supported by NCTR/FDA, #P00749).
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The prediction of phospholipidosis (PLS) was investigated by in silico/vitro/vivo
methods using 50 drugs with known PLS inducing potential in vivo.
For in silico prediction of PLS 3 models were used. They are based on physicochemical descriptors for a simple rule model (modified Ploemen model: logP and
pKa) or more sophisticated for decision tree models (C5 RuleQuest and KNIME
model). For in vitro analysis, phospholipid (PL) accumulation was measured in
HepG2 cells 24h/48h after incubation using the HCS LipidTOX kit, including a
cytotoxicity evaluation by ATP content and neutral red uptake. Finally, for in vivo
analysis the urinary PLS biomarkers BMP (Bis(monoacylglycerol)phosphate) and
PAG (phenylacetylglycine) were analyzed by LC-MS and NMR in different species
(rat, dog, hamster, human) for some examples. Additionally, accumulation of PLs
was analyzed in different organs using a photometric enzyme-assay and PLS was
confirmed by histopathology.
A combined approach using the 3 in silico models together with in vitro result
showing PL increase below 2μM was able to identify most of the in vivo PLS inducing compounds. Sensitivity up to 96% could be achieved with acceptable specificity (70-95%) depending on the combinations. These results were confirmed by
the urinary PLS biomarker BMP and the PL analysis and histopathology mainly in
lung and liver, providing also more information about time course and NOEL.
Urinary PAG was increased by PLS in rats, but only low or no effects were seen in
other species.
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BIOMARKER DISCOVERY FOR HEPATOTOXICITYINDUCED BY ACETAMINOPHEN USING URINARY 1H
NMR SPECTRAL DATA IN HUMANS.

K. Kim1, J. Kim2, H. Jo2, S. Kim3, J. Seo4, J. Cha4, H. Lee4, M. Lim4, S.
Seong4, S. Kim3 and Y. Yoon4. 1Pharmacy, Inje University, Gimhae, Gyungnam,
Republic of Korea, 2Smart Foods & Drugs, Inje University, Gimhae, Gyungnam,
Republic of Korea, 3Chemistry and Chemistry Institute for Functional Materials,
Pusan National University, Busan, Busan, Republic of Korea and 4Molecular
Medicine and Clinical Trial Center, Kyungpook National University School of
Medicine and Hospital, Daegu, Daegu, Republic of Korea.
The primary objective of this study was to discover surrogate biomarkers which are
correlated with hepatotoxicity induced by acetaminophen (APAP) using urinary
proton nuclear magnetic resonance (1H NMR) spectral data. A procedure of 1H
NMR urinalysis using pattern recognition was proposed for early screening of the
hepatotoxicity of APAP in humans. The hepatotoxicity occurrence was tested
through clinical chemistry. APAP (3 g/day, two 500-mg tablets every 8 h) was administered to 20 healthy males (20-29 yr) for 7 days and urine was collected daily
before and during dosing and 6 days after final dosing. All the subjects didn’t show
significant changes in alanine aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), γ-glutamyl transpeptidase (γ-GTP), and lactate
dehydrogenase (LDH) by APAP compared to before treatment. However, urinary
metabolite profiles were obtained from subjects showing mild liver injury, as indicated by increase in ALT or AST to a level more than 1.7-fold the before treatment.
1H NMR spectroscopy revealed evidently different clustering between pre-dosing
and APAP treatment in global metabolomic profiling through principal component
analysis (PCA) and partial least aquare (PLS)-discrimination analysis (DA). In targeted profiling, urinary endogenous metabolites of trimethylamine, citrate, 3chlorotyrosine, phenylalanine, malonate, glycine, creatine, taurine, betaine, glutamate, glutamine, and dimethylamine were selected as predictive metabolites for
APAP-hepatotoxicity. These results might be applied to predict or screen other potentially hepatotoxicity caused by drugs using urinary 1H NMR analysis.
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PHOSPHOLIPIDOSIS: VALIDATION OF AN
INTEGRATED TESTING STRATEGY FROM IN SILICO
MODELS TO IN VITRO ASSAYS TO IN VIVO
BIOMARKERS.

A. Amberg1, M. Dorau1, A. Thierjung1, M. Stolte1, H. Matter2, A. Dietrich2,
A. Evers2, S. Franck2, F. Schmidt2, J. Karl5, H. Schaefer3, M. Kurz4 and A.
Czich1. 1Preclinical Safety, sanofi-aventis, Frankfurt, Germany, 2Structure Design &
Informatics, sanofi-aventis, Frankfurt, Germany, 3Diabetes Division, sanofi-aventis,
Frankfurt, Germany, 4Analytical Sciences, sanofi-aventis, Frankfurt, Germany and
5University, Frankfurt, Germany. Sponsor: M. Bonnefoi.

118

These validation results showed that an integrated testing strategy from in silico
models to in vitro assays to in vivo biomarkers is able to identify and to characterize
the PLS inducing potential of drugs very early by combination of different tools depending on available data and development status.

CALPROTECTIN AND LACTOFERRIN: NOVEL FECAL
BIOMARKERS FOR GASTRO-INTESTINAL
INFLAMMATION IN NONHUMAN PRIMATES.

A. Banerjee1, Y. Chen2, J. Anwer2, Y. Yu1 and A. Lyubimov1. 1Toxicology Research
Laboratory, University of Illinois at Chicago, Chicago, IL and 2Center for Biomedical
Testing, Chicago, IL.
Calprotectin, a calcium binding protein and lactoferrin, an iron-binding glycoprotein are derived mainly from neutrophils. During gastro-intestinal (GI) inflammation, granulocytes migrate through the intestinal wall making these proteins detectable in the feces. This makes fecal calprotectin and lactoferrin important
markers for GI inflammation. Studies pertaining to GI damage are conducted in
non-human primates (NHPs) e.g., radiation-induced GI inflammation, but so far
no useful biomarker is available for its non-invasive detection. This study is aimed
at establishing for the first time the fecal biomarker of GI inflammation in NHPs.
Human calprotectin ELISA kit (ALPCO Inc, NH) was used (10-600 ug/g) and
methods for extraction and assay were optimized prior to validation. Coefficient of
determination for the standard curve was ≥ 0.998. LLOQ was 10 ug/g and precision and accuracy were ≤ 20% and 80-120%, respectively. Linearity could be
shown from 2500X to 1650X dilutions. Lot-to-lot variability showed CV < 10%
between lots. Further attempts were made to develop a more species specific and
sensitive assay using Meso Scale Discovery (MSD) platform. Antibody pairs against
monkey calprotectin were tested and the most linear pair screened was selected for
validation. LLOQ was 3.3 ug/g at 1650X dilution (3 times lower than ELISA)
(LLOD=0.759 ug/g). Further optimization and validation of this method is currently ongoing. Lactoferrin standard curve (5-50 ng/mL) was run using a simian
plasma lactoferrin ELISA kit and was optimized for analysis of monkey fecal extracts. LLOQ was established at 5 ng/mL and at 10X dilution the monkey fecal
samples showed ≤ 10% plate-to-plate variability. The calprotectin ELISA method is
currently being utilized to assay fecal samples from NHP (Rhesus) irradiation studies. Further optimization of the MSD method for calprotectin and the ELISA
method for lactoferrin will provide more sensitive assays for these fecal biomarkers
of intestinal inflammation (including irradiation-induced damage).
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URINARY BIOMARKERS IDENTIFICATION USING
METABOLOMICS FOR KIDNEY TOXICITY IN
SPRAGUE DAWLEY RATS.

A. Won1, T. Kim1, Y. Lee1, Y. Shin1, J. Wang1, B. Lee2, S. Kim3 and H. KIM1.
1College of Pharmacy, Pusan National University, Pusan, Republic of Korea, 2College
of Pharmacy, Sungkyunkwan University, Suwon, Republic of Korea and 3Department
of Chemistry, Pusan National University, Pusan, Republic of Korea.
Identification of new biomarkers for detection of nephrotoxicity is important to
evaluation for new drug development and screening. Recently, several biomarkers
have been identified for detection of nephrotoxicity. In this study, we compared the
sensitivity of biomarkers with conventionally used biomarkers for kidney toxicity.
The animals were allocated to several groups. A single dose of cisplatin (10 mg/kg,
i.p.) and D-galactosamine (20 mg/kg, i.p.) was administered to Sprague Dawley
rats. Urine, plasma and kidney tissue samples were collected at 1, 3, 7 days after
drug injection. To discover biochemical biomarkers useful for sensitive identification of nephrotoxicity, measurement of urinary indexes and blood biochemical parameters were performed. Urinary metabolites were also measured using NMRbased spectroscopy. In the cisplatin-treated rats, urinary blood urea nitrogen
(BUN) and creatinine levels were dramatically decreased and protein, glucose and
LDH levels were significantly increased, which were thought to be caused by the
dysfunction of proximal tubule injury. However, no significant differences in urinary biomarkers were observed in D-galactosamine-treated rats. A number of
metabolites were changed in urine of rats treated with cisplatin. Among them,
trigonelline, 3-indoxysulfate, hippurate, and citrate levels were dramatically reduced in rats, but lactate, acetate, and glucose levels were markedly increased. In
cisplatin treated group, LDH level was significantly increased in the urine, but
LDH activity was decreased in kidney tissues. Based on these results, detection of
combined urinary metabolites may be a powerful tool for detection of nephrotoxicity, and LDH was considered useful for broad detection of nephrotoxicity.
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LOW-DOSE 3-IODOTHYRONAMINE INCREASES
ACUTE LIPOLYSIS FOLLOWED BY PROTEIN
CATABOLISM DETECTABLE BY BREATH AND SERUM
BIOMARKERS.

J. A. Haviland1, H. Reiland3, D. E. Butz1, M. Tonelli2, W. P. Porter1, D. T.
Haughey3, R. Zucchi4, T. S. Scanlan5, G. Chiellini3, 4 and F. M. Assadi-Porter2, 3.
1Zoology, University of Wisconsin, Madison, WI, 2NMRFAM, University of
Wisconsin, Madison, WI, 3Biochemistry, University of Wisconsin, Madison, WI,
4Dipartimento di Scienze dell’Uomo e dell’Ambiente, Università di Pisa, Pisa, Italy
and 5Department of Physiology & Pharmacology and Cell & Developmental Biology,
Oregon Health & Science University, Portland, OR.
3-iodothyronamine (T1AM) is a recently discovered fast-acting thyroid hormone
derivative. Treatment with T1AM produces profound metabolic effects. This study
monitored the effect of weeklong, daily, low dose T1AM administration on weight
and metabolism in spontaneously overweight mice. Real-time analysis of exhaled
13CO2 by cavity ringdown spectroscopy detected increased lipolysis shortly after
T1AM administration followed by a shift later in the week towards protein catabolism. Increased lipolysis, independent of food consumption, was associated with
weight loss. After discontinuation of T1AM treatment, mice regained only 1.8% of
the lost weight in the following two weeks, indicating lasting effects of T1AM on
weight maintenance. Nuclear magnetic resonance spectroscopy revealed alterations
key metabolites: valine, glycine, and 3-hydroxybutyrate, suggesting the subchronic
effects of T1AM include both lipolysis and protein breakdown. T1AM-induced
lipolysis may provide an opportunity for development of this endogenous compound as an effective human weight-loss drug if protein catabolism can be minimized.
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HEPATIC AND PLASMA MIRNAS—SENSITIVE
BIOMARKERS OF LIVER INJURY INDUCED BY A
METHYL-DEFICIENT DIET IN MICE.

V. Tryndyak, J. R. Latendresse, F. A. Beland and I. P. Pogribny. US FDA
National Center for Toxicological Research, Jefferson, AR.
MicroRNAs (miRNAs) are a class of small, conserved, tissue-specific regulatory
non-coding RNAs that modulate a variety of biological processes, including metabolism, cell differentiation and proliferation, and apoptosis. Aberrant expression of
certain microRNAs may play a fundamental role in disease pathogenesis, including
liver; however, the association between the susceptibility to any given pathological
state and altered expression of miRNAs is largely unknown. In order to determine
whether or not individual susceptibility to liver injury is associated with an altered

miRNA expression, we fed inbred male A/J, C57BL/6J, C3H/HeJ, 129S/SvImJ,
CAST/EiJ, PWK/PhJ, and WSB/EiJ mice a methyl-deficient diet for 12 weeks, a
relevant model of nonalcoholic fatty liver disease (NAFLD) in humans. miRNA
levels in livers and plasma of mice were determined using TaqMan RT-PCR.
Feeding the methyl-deficient diet induced liver injury in all mouse strains; however,
the severity of liver pathological changes was strain-specific, with A/J mice being
the least susceptible and WSB/EiJ mice being the most sensitive to liver injury induced by methyl-deficiency. There was a significant up-regulation of miR-34a,
miR-200b, miR-181a, and miR-221. Importantly, expression of these miRNAs was
highly correlated with the extent of NAFLD-associated pathomorphological
changes in the livers. Microarray gene expression data and target-prediction
mRNA-miRNA analysis showed that the predicted targets for these miRNAs affect
cell proliferation, apoptosis, inflammation, oxidative stress, and metabolism. More
importantly, we found that the levels of miR-34a, miR-122 and miR-192 were upregulated in the blood plasma and this was significantly correlated with the extent
of liver pathomorphological changes. In conclusion, the severity of NAFLD is
strongly associated with the level of hepatic and plasma miRNAs. This suggest that
circulating miRNAs may be used as biomarkers of liver toxicity, and more importantly, as a potential indicator of susceptibility to liver injury.
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MICRORNAS IN PLASMA AND URINE AS NEW SAFETY
BIOMARKERS FOR DRUG-INDUCED TISSUE INJURY
IN RATS.

M. Pavkovic1, B. Riefke2 and H. Ellinger-Ziegelbauer1. 1Investigational Toxicology,
Bayer HealthCare, Wuppertal, Germany and 2Investigational Toxicology, Bayer
HealthCare, Berlin, Germany.
MicroRNAs (miRNAs) are highly conserved, noncoding, approx. 22 nucleotides
long, small RNAs that play an important role in post-transcriptional regulation of
gene expression. Because of their tissue specificity and stability in plasma and urine,
they are suggested as new biomarkers (BM) of tissue injury in easily accessible
biofluids in preclinical studies. For evaluation of miRNAs as preclinical BMs
plasma and urine were collected from male Wistar rats treated either with the hepatotoxicant methapyrilene (MPy) or with the nephrotoxicant cisplatin (Cp). Tissue
injury was confirmed by histopathology and clinical chemistry parameters, i.e. we
measured increased ALT (Alanine transaminase) activity in serum after liver injury
and increased protein levels in urine after kidney injury, respectively. In addition
newer urinary protein BMs for nephrotoxicity, (e.g., KIM-1), showed a time-dependent increase after Cp treatment. Total RNA including small RNA species was
isolated from plasma at day 4, 8 and 15 after daily treatment with MPy and after a
10 day recovery period. Total RNA was also isolated from urine samples at day 3, 5,
8, 15 and 26 after single dose treatment with Cp. Using TaqMan®MicroRNA
Cards (Array Gene Signature Rodent A and B Cards) miRNA profiles were generated for each time point for both treatment and control groups. MiRNA levels were
normalized to a non-endogenous spiked-in control miRNA of plant origin
(Arabidopsis thaliana miR-159a); in addition urine miRNAs were normalized to
urinary creatinine. In plasma from MPy-treated rats as well as in urine from Cptreated rats 20-30 miRNAs were found in significantly higher amounts compared
to vehicle treated rats, including the liver-specific miR-122 in plasma (1) and the
kidney-cortex enriched miR-192 in urine (2), respectively. The miRNAs found at
altered levels bear the potential of being used as new and sensitive BMs for liver or
kidney injury.
References
(1) Wang K. et al. (2009) PNAS 106/11. p4402-4407
(2) Tian Z. et al. (2008) Genome Research 18. p404-411
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MIRNA BIOMARKERS OF OCULAR TOXICITY.

Q. Peng, W. Huang, W. Collette and A. John-Baptiste. Drug Safety Research and
Development, Pfizer, La Jolla, CA.
Ocular toxicity has been associated with numerous systemic medications and is a
serious concern during drug development. Drugs can disturb blood-aqueous and
blood retinal barriers ultimately allowing drug to enter the eye resulting in toxicity.
Otherwise, small molecules such as miRNAs can transfer into blood due to ocular
toxicity. Therefore, the fluctuation of ocular miRNAs in body fluids such as plasma
reflects ocular cell and tissue injury just like miR-122 in liver injury since ocular
miRNAs are differently enriched in retina, lenses and cornea determined by microarray, ISH and RT-PCR. More evidence indicates the deregulation of
microRNA expression correlates with a number of diseases such as cancers, liver
and heart injury. In this study, we evaluated ocular enriched miRNAs in the organotypic culture of the rat eye – posterior segment by real time RT-PCR with SYBR
green based detection.
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The posterior globe of Sprague-Dawley rat eye was dissected into 4 pieces, washed
and incubated in a 12-well plate with ~1.5mL culture media. After 24 hours of initial culture, oncology compounds known to induce ocular toxicity were tested.
Supernatants of culture media (~200 uL) were extracted for miRNA with Qiagen
miRNeasy kit and the miRNAs were assayed via qRT-PCR. The relative fold
change was calculated and normalized with control. The PCR product was confirmed to be single product in each of the miRNA amplifications by melting curve
analysis; whereas no amplification in negative control was detected above baseline.
Of the 5 ocular miRNAs tested, 2 miRNAs had Ct values of ~20 to ~22; comparatively 3 less abundant miRNAs had Ct values of ~24 to ~30 in 48 hour culture
media. At least two ocular miRNAs had a 3~6 fold elevation in a dose and time-dependent response; one ocular miRNAs had 5~10 fold reduction in one of the compounds tested. In conclusion, the ocular miRNAs was validated in an ex vivo culture model as potential ocular injury biomarkers. These ocular miRNAs will be
further evaluated as potential biomarkers in animal model for ocular toxicity.
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EVALUATION OF BLOOD AND URINARY miRNAs IN
GENTAMICIN-INDUCED NEPHROTOXICITY.

L. T. Rosini-Marthaler1, 3, L. D. Lehman-Mckeeman2, M. R. Kuchka3 and W. E.
Achanzar1. 1Drug Safety Evaluation, Bristol-Myers Squibb, New Brunswick, NJ,
2Discovery Toxicology, Bristol-Myers Squibb, Lawrenceville, NJ and 3Biological
Sciences, Lehigh University, Bethlehem, PA.
The focus of the present work was to evaluate microRNAs (miRNAs) in whole
blood and urine as potential markers for drug-induced kidney injury. Male
Sprague-Dawley rats were given gentamicin at doses of 0, 50, 100, 150, or 200
mg/kg/day for 3 consecutive days by subcutaneous injection. Urine and blood samples for miRNA analysis were collected 24 hours after the last dose. Kidney samples
were collected for histopathologic evaluation and miRNA expression analysis.
Blood and urinary miRNAs were detected using quantitative real-time PCR (qrtPCR)-based TaqMan® low-density arrays. Histopathology confirmed proximal tubular injury with gentamicin treatment at 200 mg/kg, and in whole blood, miR125a-3p and miR-30b were detected in gentamicin treated rats but not in controls.
These two miRNAs were detected in the control rat kidney cortex. Analysis of
urine samples revealed significant differences in the composition and levels of
miRNAs in drug-treated rats compared to controls, including 108 miRNAs that
were detected only in injured rats and an additional 187 miRNAs that were at least
2-fold higher in gentamicin-treated rats relative to controls. miR-467F, miR-706,
miR-466g, miR-667 and miR-193b increased (114, 113, 108, 67 and 49-fold, respectively) relative to controls. Abundant miRNAs detected only in the urine of
gentamicin-treated rats included miR-466b, miR-297a, miR-30d, miR-452 and
miR-339-3p. These miRNAs were detected in control kidney cortex samples, suggesting that their increase in urine may be related to nephrotoxicity. These data indicate that gentamicin markedly affects urinary excretion of miRNAs and suggests
that urinary miRNAs may be sensitive markers of kidney injury.
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days of dosing, and with necrosis after 28 days of dosing. In addition, there were no
treatment-related changes in the serum microRNA profile with any of the test compounds.
Conclusion: These results indicate that a serum-based microarray strategy was not
adequate to identify candidate microRNA biomarkers of increased cardiac weight,
histiocytic infiltration of the heart, and myocardial necrosis.
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NOVEL DIAGNOSTICS OF TOXICANT INDUCED
METABOLIC DYSFUNCTION DETECTED IN BREATH
AND PLASMA BY SELECTIVE ISOTOPE-ASSISTED
LABELING (SIAL).

J. A. Haviland1, M. Tonelli2, D. T. Haughey3, W. P. Porter1 and F. M. AssadiPorter2, 3. 1Zoology, University of Wisconsin-Madison, Madison, WI, 2NMRFAM,
University of Wisconsin-Madison, Madison, WI and 3Biochemistry, University of
Wisconsin-Madison, Madison, WI.
OBJECTIVE: Metabolomics is the study of a unique fingerprint of small molecules
present in biological systems under healthy and disease conditions. One of major
challenges in metabolomics is verification of fingerprint molecules to identify
specifically perturbed pathways in metabolic aberrations. This step is crucial to the
understanding of budding metabolic pathologies and the ability to identify early indicators of common diseases such as obesity, diabetes mellitus type II, metabolic
syndrome, polycystic ovary syndrome, and cancer. We present a novel approach to
diagnosing aberrations in glucose utilization including metabolic pathway switching in a disease state.
METHODS: We used a well-defined prenatally exposed glucocorticoid mouse
model that results in adult females with metabolic dysfunction. We applied the
complementary technologies of nuclear magnetic resonance spectroscopy, and cavity ringdown spectroscopy to analyze serial plasma samples and real-time breath
measurements following selective 13C-isotope assisted labeling (SIAL). These platforms allowed us to trace metabolic markers in whole animals and identify key
metabolic pathway switching in prenatally cortisol-treated animals.
RESULTS: Specifically, increased glucose flux and a shift in the major oxidative
pathway in glucose metabolism from glycolysis to the pentose phosphate pathway
were apparent in the prenatally cortisol-treated animals.
CONCLUSION: This novel approach is fast, non-invasive and sensitive for determining specific pathway utilization, and provides a direct translational application
in the healthcare field.
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CYP2B10 INDUCTION AS A BIOMARKER FOR A CARMEDIATED, RODENT-SPECIFIC, MECHANISM OF
LIVER FOCI FORMATION AND CARCINOGENESIS
DEVOID OF HUMAN RELEVANCE: EVIDENCE FROM
4-WEEK TO 2-YEAR GLP STUDIES.

THE SERUM MICRORNA PROFILE IS NOT ALTERED
IN RATS AFTER 14 OR 28 DAYS OF DOSING WITH
ROSIGLITAZONE OR 3, 3’, 5-TRIIODO-L-THYRONINE.

J. Hoflack, L. Mueller, N. Flint, A. Braendli-Baiocco, S. Fowler, O. Kuhlmann,
U. Niederhauser, T. Weiser, T. Singer and A. B. Roth. Hoffmann - La Roche,
Basel, Switzerland.

I. Mikaelian1, M. Dunn1, D. Coluccio1, D. Knapp1, R. Nicklaus1, G.
Hirkaler1, W. Deng1, M. Reddy1, L. Doessegger2, T. Singer2, G. Kourteva1 and
H. Hilton1. 1Hoffmann-La Roche, Inc., Nutley, NJ and 2Hoffmann-La Roche, Inc.,
Basel, Switzerland.

Pharmaceutical compounds under development undergo non-clinical safety testing
from 4-week to 104-week durations in rodents; the latter being for lifetime carcinogenesis risk assessment. In a 104-week study with an advanced compound,
male mice demonstrated statistically increased rates of hepatocellular adenoma/carcinoma accompanied by liver weight increase. Because the compound was earlier
proven free of genotoxic potential, a non-genotoxic mechanism of carcinogenicity
was hypothesized. Activation of the nuclear receptor constitutive androstane receptor (CAR) is a widely established promoter of non-genotoxic rodent-specific hepatic tumors, and was therefore explored in priority. Hepatic Cyp2b10 induction
typifies CAR activation. We therefore monitored hepatic Cyp2b10 mRNA and its
enzyme activity in a large subset of male mice from the 104-week study.
Quantitative real time PCR (qRTPCR) and enzymatic activity monitoring evidenced strong induction of Cyp2b10 at all dose levels. Despite expected large interindividual variations, these results reached high statistical significance. These data
strongly suggested CAR activation, a mechanism of tumor formation known to be
irrelevant to the human situation. With another test compound in a different project, foci of altered hepatocytes appeared in male rats of a chronic 26-week toxicity
study. Microarray profiling of the corresponding 4-week rat and mouse GLP toxicity studies had previously shown strong induction of mRNAs encoding Cyp2b2
(rat) and Cyb2b10 (mouse) in both genders, as was further confirmed by qRTPCR
(up to 100-fold), in the absence of other possible proliferative pathways. These results show feasibility of Cyp2b screening in rodent liver from 4-week to 104-week
studies, for prediction of a CAR-mediated, rodent-specific, mechanism of hepatocarcinogenesis known to be devoid of human relevance.

Background: Increased heart weight is a common cardiac finding in preclinical
safety studies. In this study, we investigated the relationship between serum cardiac
troponin I (cTnI) concentrations, heart weight, and histopathology with serum
microRNA profile following the administration of known cardiac hypertrophic
agents in the rat.
Methods: male Wistar rats were administered rosiglitazone at 80 mg/kg/day or T3
at 20 μg/kg/day for 14 or 28 days followed by 14 or 27 days of recovery, respectively. Heart weight, serum cardiac troponin I (cTnI), routine clinical pathology;
and histomorphology were evaluated at necropsy. These data were compared to
serum microRNAs measured on the day of necropsy with the Affymetrix
microRNA chip.
Results and Discussion: Compared to age-matched vehicle-treated controls, rosiglitazone caused an increase in heart weight to brain weight ratio of 10% and 17%
after 14 and 28 days of dosing, respectively. This increase in rats administered T3
was 21% and 30% after 14 and 28 days of dosing, respectively. This increase in
heart weight reversed after the recovery periods. There were no serum cTnI concentration increases or histomorphologic findings in rats administered rosiglitazone. In
contrast, rats administered T3 had serum cTnI concentration increases which occurred concurrently with histiocytic infiltration of the myocardium after 14 and 28
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RETROSPECTIVE ANALYSIS OF THE EFFECT OF
MULTIPLE COMMONLY USED TOXICOLOGY
FORMULATIONS ON URINARY BIOMARKERS OF
RENAL TOXICITY (MICROALBUMIN, LIPOCALIN-2,
OSTEOPONTIN AND KIM-1) IN RATS.

J. Lai-Zhang1, K. Kowalkowski1, A. Lisowski1, S. Riendl2, W. Buck1, E. A.
Blomme2 and Y. Yang2. 1Cell, Molecular and Exploratory Toxicology, Global
Pharmaceutical R&D, Abbott Labs, Abbott Park, IL and 2Investigative Toxicology
and Pathology, Global Preclinical Safety, Abbott Labs, Abbott Park, IL.
Urinary proteins can represent sensitive biomarkers of drug-induced nephrotoxicity. Several putative urinary biomarkers have recently been evaluated by the
Predictive Safety Testing Consortium (PSTC) and have been successfully qualified
by the FDA/EMEA as acceptable regulatory tools in rat toxicology studies. To better use these urinary biomarkers in our routine toxicology studies in rats, the potential effect of commonly used toxicology formulations on four urinary biomarkers (Albumin, Lipocalin-2, Osteopontin, KIM-1) was determined. A retrospective
analysis was conducted using data collected (n=209) in exploratory rat toxicology
studies (typically of 5 days duration) conducted during the past two years at our organization. Eight commonly used toxicology formulations in our organization were
evaluated including saline, 0.2% HPMC, PEG-400 and more. Four urinary biomarkers (Albumin, Lipocalin-2, Osteopontin, KIM-1) were analyzed using
Mesoscale Multiplex Rat Kidney Toxicity Panel. Each urinary biomarker values
were normalized to urinary creatinine levels. All eight commonly used formulations
in these studies had no statistically significant effect on urinary biomarker levels.
Overall, these results indicate that these four urinary biomarkers are acceptable for
rat toxicology studies and provide further support for the integration of these biomarkers in rat toxicology studies.
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DERMAL CARCINOGENESIS STUDY OF THE α, βUNSATURATED KETONE METHYL TRANS-STYRYL
KETONE IN MALE AND FEMALE F344/N RATS AND
B6C3F1 MICE.

M. L. Cunningham1, C. D. Hébert2 and M. F. Cesta1. 1NTP, NIH/NIEHS,
Research Triangle Park, NC and 2Toxicology, Southern Research Institute,
Birmingham, AL.
Methyl trans-styryl ketone (MSK)(CAS 1896-62-4) is used as a synthetic flavoring
agent in foodstuffs (5ppm) and as a fragrance additive in personal care products (up
to 500 ppm). Human exposure is by the oral and dermal routes. MSK was studied
as part of a larger study on the toxicity of compounds containing the α,β-unsaturated ketone functional moiety. MSK was positive in Ames/Salmonella and mouse
lymphoma assays. Bioavailability of MSK was determined to be similar via the oral
gavage and dermal routes of exposure; since the greatest human exposure is via the
dermal route, the dermal route was chosen for chronic toxicity testing. Groups of
50 F344/N male and female rats and 50 B6C3F1 male and female mice were exposed to MSK in 95% ethanol at 0, 10, 30 and 90 mg/kg for 5 days/week for 104
weeks, based on toxicity data from 90-day studies. All animals were housed individually. In the 2-year rat and mouse studies, there was no treatment-related mortality of either sex. Survival of all dosed animals was similar to that of the vehicle
controls. Final mean body weights of all dosed groups of both species were within
10% of the vehicle control mean body weights. Following extensive histopathological evaluation, there was no evidence of carcinogenic activity of MSK in male or female F344/N rats or male or female B6C3F1 mice at any dose. MSK administration did induce nonneoplastic lesions (hyperkeratosis and epidermal hyperplasia) at
the site of application in male and female rats and mice and metaplasia in respiratory and olfactory epithelia of male rats at 30 and 90 mg/kg, probably from exposure to volatilized MSK after dosing and during grooming. There was significant
systemic exposure to MSK following dermal exposure based on chemical disposition results.
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DOES THE ANTIBACTERIAL TRICLOCARBAN (TCC)
FORM REACTIVE METABOLITES IN THE SKIN?

N. H. Schebb1, 3, B. A. Buchholz2, B. D. Hammock3 and R. H. Rice4.
1Toxicology and Chemical Analysis, University of Veterinary Medicine, Hannover,
Germany, 2Center for AMS, Lawrence Livermore National Laboratory, Livermore,
CA, 3Entomology, University of California Davis, Davis, CA and 4Environmental
Toxicology, University of California Davis, Davis, CA.
TCC is a common antimicrobial ingredient in bar soaps. Human exposure to TCC
is a concern because it accumulates in the aquatic environment and has biological
effects on mammals. TCC is a potent inhibitor of soluble epoxide hydrolase, an en-

zyme of the arachidonic cascade. Using TCC-containing soaps deposits TCC on
human skin. A low but significant portion traverses the epidermal barrier. Absorbed
TCC is metabolized by cytochrome-P-450 monooxygenases to monohydroxylated
derivatives, 2′OH-TCC, 3′OH-TCC and 6-OH-TCC. These metabolites are
quickly conjugated in the liver, and their glucuronides account for the major
metabolites in mammalian bile. In human plasma, 2′SO3-O-TCC is the dominant
metabolite and TCC is excreted as N-glucuronides via the urine. We recently
demonstrated that further oxidation of the ortho-hydroxylated metabolites 2′OHTCC and 6-OH-TCC leads to quinone imines that covalently bind to glutathione
and model proteins in vitro. We investigated if this metabolic activation of TCC by
two subsequent oxidations might occur in skin. Spontaneously immortalized
human epidermal keratinocytes (SIK) were incubated with 2 μM TCC. After 10
min, the intracellular TCC concentration reached 1.21 ± 0.27 nmol/mg protein
and increased at 20 h to 2.04 ± 0.27 nmol/mg protein. LC-MS/MS analysis revealed that a small but significant portion of the absorbed TCC was metabolized by
SIK with 2′OH-TCC as a main metabolite. Pre-incubation of TCC with 10 nM
TCCD increased metabolism of TCC in SIK and the relative conversion (cellular
metabolite concentration versus cellular TCC concentration) increased from ≈ 0.5
% to 15%. Up to 165 ± 28 pmol/mg protein of free 2′OH-TCC formed after 20 h
incubations. To investigate whether this metabolite is further activated to reactive
metabolites that bind to protein, covalent protein binding is currently under investigation utilizing 14C-TCC and accelerator mass spectrometry. Supported by
NIEHS 04699 and NCRR 13461.
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THE ARYL HYDROCARBON RECEPTOR (AHR) IS A
MODULATOR OF ULTRAVIOLET B (UVB)-INDUCED
PROLIFERATION AND APOPTOSIS IN HUMAN
KERATINOCYTES.

K. Frauenstein, J. Abel, E. Fritsche, J. Krutmann and T. Haarmann-Stemmann.
Leibniz Research Institute for Environmental Medicine, Duesseldorf, Germany.
The AhR is a ligand-activated transcription factor that mediates the toxicity of
dioxins and related compounds. Upon ligand binding the AhR translocates into the
nucleus and dimerizes with ARNT to modulate gene expression, e.g. of CYP1A1.
Recently, we have shown that UVB irradiation of human keratinocytes results in
activation of the AhR and associated EGFR signaling leading to an enhanced expression of CYP1A1 and proinflammatory COX-2, respectively. The initial step is
the UVB induced intracellular formation of the tryptophan photoproduct 6formylindolo[3,2b]carbazole (FICZ), a high affinity AhR ligand. Thus, the FICZ
activated AhR is an important mediator of the DNA damage independent part of
the UVB response. Our current study aims to identify further aspects of AhR mediated UVB responses. Therefore, we analysed changes in protein expression, proliferation and apoptosis in AhR+/+ and AhR-/- keratinocytes (NCTC 2544) by
western blot, flow cytometry and BrdU incorporation. UVB exposure of NCTC
cells led to a dose-dependent increase in apoptosis. Compared to AhR+/+ cells,
AhR-/- cultures exhibited an increased amount of apoptotic cells. This finding was
confirmed in irradiated AhR+/+ cells, pretreated with the AhR antagonist 3’methoxy-4’-nitroflavone. Moreover, the proliferation of sham as well as UVB irradiated AhR-/- cells was significantly decreased. In AhR-/- cells we found a reduced
expression of checkpoint kinase 1 (Chk1), an important cell cycle regulator that arrests the cell in G2/M upon DNA damage. Interestingly, UVB exposure led to a
higher net phosphorylation of Chk1 in AhR-/- cells, indicating that this pathway is
responsible for the observed AhR-dependent differences in proliferation and apoptosis. Further expression analyses of Chk1 client proteins emphasize our hypothesis.
In conclusion our study identifies the AhR as an anti-apoptotic player in UVB irradiated human NCTC cells. Therefore, we propose that the AhR is a suitable target
to prevent UVB induced skin diseases.
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TLR3 IS CRITICAL FOR THE INFLAMMATORY
CYTOKINE SUNBURN RESPONSE BY DETECTING
ULTRAVIOLET LIGHT DAMAGE TO A NONCODING
RNA.

J. J. Bernard1, 2, 3, J. D. Laskin2, 3, B. D. Yu1 and R. L. Gallo1. 1Dermatology,
University of California San Diego, San Diego, CA, 2Toxicology, Rutgers The State
University of New Jersey, Piscataway, NJ and 3University of Medicine and Dentistry of
New Jersey, Robert Wood Johnson Medical School, Piscataway, NJ.
Overexposure of the skin to solar radiation is a common event that causes many
local and systemic adverse health effects. Ultraviolet B light (UVB), a major component of sunlight, is known to initiate skin inflammation, but the mechanism is
not clear. Two cytokines known to be important in mediating skin inflammation
are TNF-α and IL-6. We have found that UVB (15 mJ/cm2) damaged primary cultures of human keratinocytes release a soluble factor that stimulates the production
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of these cytokines from unirradiated keratinocytes. RNase inhibited this activity,
thus the trigger of cytokine release by UVB-damaged keratinocytes was likely an
RNA species. Whole-transcriptome sequencing through RNA-Seq analysis of
UVB-treated keratinocytes identified several unique non-coding RNAs, specifically
U RNAs, that undergo alterations in stem-loop domains. A specific UVB-modified
U RNA (U1 RNA) was identified that was able to stimulate TNF-α and IL-6 from
keratinocytes. Synthetic oligonucleotides based on the stem loop sequences modified by UVB were found to readily stimulate keratinocyte cytokine release. In isolated keratinocytes, this response was toll-like receptor 3 (TLR3)-dependent and
inhibitable by chloroquine, an inhibitor of endosomal TLR activation. TLR3-/keratinocytes were also unresponsive to UVB. Intradermal injection of synthetic
U1 RNA into the ears of wild-type C57BL/6 mice, but not TLR3-/- mice, readily
induced skin inflammation. These knock-out mice also produced little or no cutaneous TNF-α and IL-6 after irradiation with 500 mJ/cm2 UVB when compared to
wild-type controls. These findings establish that TLR3 detects UV damage to U1
RNA to induce an inflammatory cytokine response.
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DIFFERENTIAL GENE EXPRESSION RESPONSES
DISTINGUISH BETWEEN DERMAL AND
RESPIRATORY SENSITIZERS AND NONSENSITIZING
IRRITANTS IN THE LLNA.

M. R. Woolhiser, D. Adenuga, B. B. Gollapudi and D. R. Boverhof. Toxicology
and Environmental Research and Consulting, The Dow Chemical Company,
Midland, MI.
Genomic approaches have the potential to enhance the specificity and predictive
accuracy of existing toxicology endpoints, including those for chemical sensitization. The present study was conducted to determine whether gene expression responses might distinguish among dermal sensitizers (dinitrochlorobenzene
(DNCB) and hexyl cinnamic aldehyde (HCA)), respiratory sensitizers (ortho-phthalaldehyde (OPA) and trimellitic anhydride (TMA)) and non-sensitizing irritants
(methyl salicylate (MS) and nonanoic acid (NA)) in the LLNA. Female Balb/C
mice received doses of each chemical as per the standard LLNA dosing regimen on
days 1, 2 and 3. Auricular lymph nodes were analyzed for 3HTdR incorporation on
day 6 and gene expression on days 6 and 10. All chemicals induced dose-dependent
increases in stimulation index values with EC3 values of 0.084% (DNCB), 8.6%
(HCA), 0.015% (OPA), 0.17% (TMA), 48% (MS), and 18.8% (NA). The number of differentially expressed genes was dose-dependent for each chemical and correlated strongly with the corresponding stimulation index. A majority of the genes
modulated by the irritants were similarly altered by the sensitizers, consistent with
the irritating effects of the sensitizers. However, a select number of responses involved with dendritic cell activation were unique to the sensitizers and may offer
the ability to distinguish sensitizers from irritants. Genes for the mast cell proteases
1 and 8, galectin-7, Tim2, Aicda, Il-4 and Akr1c18 were unique to respiratory sensitizers and may represent potential biomarkers for discriminating between dermal
and respiratory sensitizers. Interestingly, certain responses were not conserved in a
comparative examination with CBA mice, suggesting strain-specific influences.
Collectively, these data suggest that gene expression responses may serve as useful
biomarkers to distinguish between non-sensitizing irritants and respiratory and dermal sensitizers in the LLNA.
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IN VITRO SKIN ABSORPTION OF ACETYL
HEXAPEPTIDE-8 FROM A COSMETIC FORMULATION.

O. Ogunsola1, W. Zhou2, P. G. Wang2 and M. E. Kraeling1. 1Office of Applied
Research and Safety Assessment, CFSAN, US FDA, Laurel, MD and 2Office of
Regulatory Science, CFSAN, US FDA, College Park, MD.
Recently various peptides have been incorporated into cosmetic creams which are
then marketed as anti-aging/anti-wrinkle. Claims for one cosmetic peptide, acetyl
hexapeptide-8 suggest interference with neuromuscular signaling as its anti-wrinkle
mechanism of action. A concern is whether these peptides penetrate into the deep
layers of the skin and potentially stimulate biological activity. Therefore, the skin
penetration of commercially available acetyl hexapeptide-8 (Ac-EEMQRR-amide)
from a cosmetic formulation (oil in water emulsion) was determined in viable hairless guinea pig skin assembled into in vitro diffusion cells. Ac-EEMQRR-amide was
incorporated into the emulsion at a concentration of 10%, and applied to skin discs
housed in each diffusion cell at a dose of 2 mg/cm2. After a 24 hour exposure, the
surface of the skin was washed to remove unabsorbed peptide. Skin discs were taped
stripped to determine the amount of peptide in the stratum corneum. Removal of
the stratum corneum was confirmed by laser scanning confocal microscopy. The remaining epidermis was heat separated from the dermis and each skin fraction was
homogenized. Skin penetration of Ac-EEMQRR-amide in the stratum corneum,
epidermis and dermis was measured by hydrophilic interaction liquid chromatography (HILIC)-MS/MS using electrospray ionization (ESI) in the positive mode.
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Stable isotopically labeled hexapeptide standards were used for quantitation along
with their respective native hexapeptide standards to correct for matrix effects associated with ESI. Results indicate that the majority of the Ac-EEMQRR-amide is
unabsorbed and removed from skin after washing. Decreasing amounts of peptide
was detected in the deeper layers of stratum corneum (0.76 %) to the viable epidermal layer (0.016 %). Peptide was not detected in the dermis of the skin or receptor
fluid. These absorption data will be useful for understanding the safety of cosmetic
products containing short-chain peptides.
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SCREENING OF TOXIC INDUSTRIAL COMPOUNDS
FOR CUTANEOUS INJURY.

D. Pfefferle1, J. Plahovinsak1, J. Rhone1, F. Reid1 and J. Dillman2. 1Battelle,
Columbus, OH and 2USAMRICD, Aberdeen Proving Ground, MD.
A weanling swine model has been used to characterize superficial dermal (SD) and
deep dermal (DD) cutaneous lesions following exposure to vesicants and toxic
chemicals. This study utilized this weanling swine model for screening toxic industrial chemicals with potential dermal toxicity including acrolein, acrylonitrile and
hydrofluoric acid (HF). Three exposure methods were evaluated for acrolein and
acrylonitrile including vapor cap, vapor cap with simulated sweat and liquid. HF
was evaluated using only vapor caps. Assessments conducted on Day 2 included
photographs, lesion size and modified Draize scoring.
Tissues were excised on Day 2 for histopathology. Acrolein exposure by all methods
resulted in some degree of dermal injury as indicated by basal cell necrosis and dermal coagulation. Increasing exposure time resulted in significant increases in both
lesion area and modified Draize score for animals exposed using the vapor with
sweat and the liquid models. Acrolein vapor exposures with sweat resulted in the
most consistent injury with a mean range of 0%-65% basal cell necrosis and a mean
range of 38%-100% dermal coagulation. Acrylonitrile vapor exposure for up to 45
minutes did not result in dermal injury as evidenced by no basal cell necrosis or dermal coagulation. The lesions created by the Acrylonitrile vapor with sweat or liquid
method lacked uniformity and were SD to mid-dermal in depth. HF vapor exposures consistently resulted in both SD and DD dermal injuries as demonstrated by
basal cell necrosis mean range 33%-100% and dermal coagulation mean range
11%-100%. Many endpoints for the HF exposures were found to be highly significant including modified Draize score, basal cell necrosis, dermal coagulation,
PMN epidermal infiltrate, and total inflammation severity. Clinically, the HF lesions appeared uniform and increased in severity with the increased exposure time
as evidenced by the increased severity in modified Draize scores and dermal coagulation.
This work was supported by the U.S. Army Medical Research and Materiel
Command, Contract W81XWH-05-D-0001, Task Order 0010.
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SYSTEMIC AND TOPICAL ANTI-INFLAMMATORY
DRUG EFFICACY IN TREATING CUTANEOUS SULFUR
MUSTARD LESIONS.

J. Plahovinsak1, D. Pfefferle1, J. Rhone1, F. Reid1 and J. Dillman2. 1Battelle,
Columbus, OH and 2USAMRICD, Aberdeen Proving Ground, MD.
Sulfur mustard (HD)-induced dermal lesions in the weanling swine model were
used to evaluate the efficacy of topical anti-inflammatory compounds and systemic
anti-cytokine treatments.
This study evaluated the efficacy of diclofenac sodium (DICLO) and clobetasol
propionate (CLO) with and without systemically-administered drugs, including a
tumor necrosis factor (TNF)-α inhibitor (Enbrel®), an interleukin-6 (IL-6) receptor inhibitor (Actemra®) and an IL1-β receptor antagonist (Kineret®). Superficial
dermal (SD) or deep dermal (DD) lesions were generated by exposure to 400 μL of
HD for 8 or 30 min, respectively. Post-exposure assessments on Days 2, 7 and 14
included lesion area, modified Draize scoring, photographs, reflectance colorimetry, transepidermal water loss (TEWL) and infrared imagery.
Tissues were excised on Day 14 for histopathology. Generally, SD lesions were
healed (75-100% re-epithelialization) and were similar to untreated control skin by
Day 14. Epidermal and dermal necrosis, collagenolysis and inflammation were
minimal in untreated SD lesions and had slightly increased scores following systemic and/or topical treatments. Fibroplasia was significantly decreased in SD lesions by Actemra® and Enbrel® without topical treatment. Generally, DD lesions
were less well healed at Day 14 with severe dermal necrosis and less than 25% re-epithelialization. Untreated DD lesions were characterized by almost complete retention of the necrotic epidermis and significant dermal coagulation. Topical treatment of DD lesions with or without systemic treatment significantly decreased
mean Draize scores and TEWL on Day 7. For DD lesions, CLO and
DICLO+CLO significantly decreased inflammation and fibroplasia across all systemic dose groups.
In summary, the data indicate that systemic treatment with DICLO+CLO trended
toward improved healing relative to all other therapeutic regimens when the primary and secondary parameters are considered.

This work was supported by the U.S. Army Medical Research and Materiel
Command, Contract W81XWH-05-D-0001 Task Order 10
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IN VITRO DERMAL ABSORPTION OF A
METALWORKING FLUID ADDITIVE:
DICYCLOHEXYLAMINE (DCHA).

A. Linthicum, E. Koivisto, J. D. Brooks and R. E. Baynes. Center for Chemical
Toxicology Research and Pharmacokinetics, North Carolina State University, Raleigh,
NC.
Dicyclohexylamine (DCHA) is commonly used in the metalworking industry to
prevent corrosion of fabricated materials. There is no published information describing the dermal absorption of DCHA in metalworking fluid (MWF) formulations. Machine workers are most likely to be exposed to DCHA by the dermal
route. The objective of this research was to quantify the dermal absorption of
DCHA in vitro using porcine skin because of its similarity to human skin both
anatomically and biochemically. DCHA was applied to pig skin in water and in 3
generic MWF formulations commonly used in industry: Soluble (SO), synthetic
(SYN), and semi-synthetic (SS) oil. Dermatomed pig skin (n=4) was loaded onto a
flow-through diffusion cell system with individual dose areas of 0.64 cm2 and perfused with media containing 4.5% bovine serum albumin for 8h to mimic occupational exposure conditions. Pig skin was dosed with 5-10% DCHA in 7 vehicles:
Water, water + 5% SO, SYN, or SS oil; or neat SO, SYN, or SS oil. Dermal absorption of DCHA was similar between SO, SYN, and SS oil mixed with water, as
well as between neat SO, SYN, and SS oil. Dermal absorption of DCHA from
water + SS (0.08%) > water + SO (0.02%) > water + SYN (0.005%). Dermal absorption of DCHA from neat SS (0.11%) > neat SYN (0.09%) > neat SO (0.03%).
The highest overall dermal absorption was at 1.4% from the water vehicle. These
results suggest that water facilitates the dermal absorption of DCHA across skin
whereas DCHA in MWFs may partition more with the vehicle due to its partitioning behavior. In conclusion, the varied dermal absorption of DCHA across MWF
formulations must be taken into account within the machining industry and MWF
manufacturing as repeated occupational exposure to this metalworking fluid additive may prove to be detrimental to human health. (Supported by NIOSH grant
R01-01-03669)
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A SCREENING METHOD TO ESTIMATE DERMAL
ABSORPTION IN VITRO.

E. Fabian1, K. Guth3, 1, A. Mehling2, C. Goth1, B. van Ravenzwaay1 and R.
Landsiedel1. 1Experimental Toxicology and Ecology, BASF SE, Ludwigshafen am
Rhein, Germany, 2BASF Personal Care and Nutrition GmbH, Düsseldorf, Germany
and 3Center for Chemical Toxicology Research and Pharmacokinetics, North Carolina
State University, Raleigh, NC.
Dermal absorption can be used in the evaluation of the effectiveness of pharmaceutical or cosmetic formulations, but often it as a critical parameter in risk assessment
of pesticides or chemicals. Therefore, knowledge of dermal absorption is helpful in
formulation development.
Skin absorption is routinely measured in vivo or in vitro following OECD TG 427
or 428. However, these tests are complex, time consuming and expensive.
Therefore, a study was developed to allow simple and rapid screening. The method
uses dermatomized skin in modified Franz type diffusion cells. 10 μl of test substance preparation are applied to the skin preparation. After 6h, the skin is washed
and the amount of penetrated substance is quantified. The receptor fluid and the
washing solutions are optimized for subsequent analyses by LC-MS. We performed
dermal absorption screenings in parallel to our routine guideline studies demonstrated a good correlation of the results of both study types: The total recovery
found in the screening studies is somewhat lower than in the corresponding guideline studies but is always in the acceptable range above 80%. The efficacy of the
skin washing procedure is less efficacious than under routine conditions, most
probably due to the change to an LC-MS-compatible washing solution. Overall,
the dermal absorption screening is an easy, fast and cost-effective screening method
for the estimation of dermal absorpttion of a wide variety of test substances and formulations.
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VEHICLE EFFECTS ON THE ABSORPTION OF FINITE
AND INFINITE SATURATED DOSES OF CAFFEINE,
MANNITOL, AND TESTOSTERONE IN PORCINE SKIN.

D. Karadzovska, J. D. Brooks and J. E. Riviere. Center for Chemical Toxicology
Research and Pharmacokinetics, North Carolina State University, Raleigh, NC.
The flow through diffusion cell system is an in vitro technique often used for the
toxicological assessment of chemical absorption across skin. This approach routinely employs porcine skin as a surrogate membrane for human skin. Review of the

literature highlights variations in experimental variables such as dosing solutions
(infinite/finite or saturated/unsaturated and delivery vehicle), and receptor fluid.
With such vast variations, data comparison can be difficult. This study aimed to
standardize dosing solutions for three model 14C-labeled compounds (caffeine CF,
mannitol MN, and testosterone TS) to evaluate the effect of delivery vehicle on absorption through porcine skin. A finite (20 μL) and infinite (1000 μL) saturated
dose was applied in one of three vehicles: propylene glycol (PG), water (Wa) and
ethanol (EtOH). Flux of each compound (n ≥ 3) into the receptor phase was monitored over 24 hours. Levels of radioactivity were also determined in the stratum
corneum (by tape stripping) and the remaining skin. Apparent permeability coefficients and absorbed dose (μg) were then calculated and compared. Each compound
showed unique absorption (abs.) profiles, such that from the infinite Wa doses, absorption was greater from MN (solubility 81442 μg/mL; abs. 50.4 μg) > CF (solubility 29092 μg/mL; abs. 24.9 μg) > TS (solubility 15.8 μg/mL; abs. 0.65 μg). The
same profile was observed in the amount remaining in skin after 24 hours: MN
(264 μg) > CF (193 μg) > TS (0.49 μg). The absorption and skin deposition profile
from the infinite PG and EtOH doses followed the pattern: TS > CF > MN. This
same absorption and skin deposition profile was maintained for the finite EtOH
doses for all three compounds, but altered for the finite PG and Wa doses. This data
highlights the variable effects a vehicle may exert on dermal absorption, suggesting
that the contribution from the vehicle should be incorporated in dermal absorption
models. (Supported by Novartis Animal Health, Inc.)
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DERMAL VEHICLE EVALUATION OF 2-ETHYLHEXYL
P-METHOXYCINNAMATE.

K. L. Aillon1, S. P. Kerns1, C. C. Dillon1, B. D. Sitzmann1, A. J. Gutierrez1, R.
K. Harris1, J. Algaier1, B. J. Collins2, B. S. McIntyre2 and C. S. Smith2.
1MRIGlobal, Kansas City, MO and 2National Toxicology Program, DNTP, NIEHS,
Research Triangle Park, NC.
2-Ethylhexyl p-methoxycinnamate (EHMC) is a widely used UVB filter ingredient
in topically applied sunscreen formulations sold in the United States. With heightened societal awareness of the dangers of UV radiation, sunscreens are increasingly
being applied for protection throughout a person’s lifespan, leading to chronic exposure to sunscreen ingredients. Because of the reported EHMC estrogenic and reproductive effects, it has been selected for study by the National Toxicology
Program.
In this work various solvents and formulation mixtures were evaluated as dermal vehicles for use in rodent dermal toxicology studies. These included combinations of
coconut oil, light paraffin oil, beeswax, emulsifying wax, Polysorbate 80 and water,
along with solubility, storability, and syringeability of the EHMC vehicles. In addition, viscosity measurements of commercial sunscreen lotions were compared to the
EHMC dermal vehicles in order to achieve the desired consistency and texture. The
resulting evaluations established the dermal vehicle formulation with the most appropriate characteristics was an oil-in-water emulsion of light paraffin
oil:Polysorbate 80:water (60:12:28; v/v/v), abbreviated LPP80.
Further evaluation of LPP80 for optimal preparation temperature and EHMC solubility was conducted. Formulations at 10 and 400 mg/g EHMC resulted in emulsions with the consistency of a thin white lotion that mixed well and were syringeable through a syringe with no needle attached. Storage tests of these emulsions
showed no visual changes over 14 days under ambient or refrigerated conditions except that the viscosity increased over the storage period, with the greatest increase
observed in the refrigerated formulations, suggesting a gelation phenomenon. The
performance of this formulation indicates that it is an acceptable vehicle for use in
future toxicological dermal studies with EHMC.
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XENOBIOTIC METABOLISM CAPACITIES OF HUMAN
SKIN IN COMPARISON TO 3D-EPIDERMIS MODELS
AND KERATINOCYTE-BASED CELL CULTURE AS IN
VITRO ALTERNATIVES FOR CHEMICAL TESTING:
PHASE I AND II.

J. Tigges1, C. Goetz1, R. Pfeiffer1, U. Huebenthal1, H. F. Merk2, J. Krutmann1,
C. Pease3, C. Goebel4, N. Hewitt5 and E. Fritsche1, 2. 1Leibniz Research Institute
for Environmental Medicine, Duesseldorf, Germany, 2Dermatology and Allergology,
RWTH, Aachen, Germany, 3Safety & Environmental Assurance Center, Unilever,
Sharnbrook, Bedford, United Kingdom, 4Procter & Gamble, Darmstadt, Germany
and 5Nicky Hewitt Scientific Writing Services, Erzhausen, Germany.
The metabolic competence of skin has so far not been fully characterized, although
human skin fulfills important tasks in uptake, distribution and metabolism of
chemicals, such as voluntarily applied substances and anthropogenic pollutants.
Since the 7th Amendment to the EU Cosmetics Directive will prohibit the use of
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animals in cosmetic testing in the coming years, there is an urgent need to understand the xenobiotic detoxifying capacities of human skin and to compare these enzyme activities to in vitro models that may be used to replace animals in skin chemical testing. In this work, the enzymatic competences of the most prominent Phase
I cytochrome P450 (CYP) and Phase II enzymes were investigated in ex vivo
human skin, in the 3D epidermal model EpiDerm 200 (EPI-200), immortalized
keratinocyte-based cell lines and primary normal human epidermal keratinocytes.
Furthermore, cyclooxygenase (COX) activity was assessed, since also capable of
phase I oxidation of chemicals through peroxidation. For phase II enzymes, we assessed activities of glutathione S-transferases (GST), N-acetyltransferases (NAT)
and UDP-glucoronosyltransferases (UGT) in human skin and the alternative in
vitro systems. Our data showed that basal Phase I xenobiotic metabolism enzyme
activities of reconstructed epidermis are very similar to human skin microsomes.
Monolayer cells, however, differ from EPI-200 and from each other in basal and inducible Phase I enzyme activities while they have similar phase II detoxification capacities than human skin. Due to distinct phase I enzyme, especially COX, activities in monolayer compared to 3D organotypic cultures, enzymatic activities of
EPI-200 models are closer to human skin than monolayer cultures .
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MAP KINASES REGULATE NITROGEN MUSTARDINDUCED ACTIVATION OF DAMAGE-ASSOCIATED
MOLECULAR PATTERNS IN MURINE
KERATINOCYTES.

H. Kim1, Z. Paras1, M. P. Skakarjian1, J. D. Laskin2 and D. E. Heck1.
1Environmental Health Science, New York Medical College, Valhalla, NY and
2Environmental and Occupational Medicine, University of Medicine and Dentistry of
New Jersey, Robert Wood Johnson Medical School, Piscataway, NJ.
Exposure to chemical vesicants results in skin inflammation and blistering. To investigate mechanisms underlying these responses, we evaluated the effects of the nitrogen mustard vesicant 2-chloro-N-(2-chloroethyl)-N-methylethanamine (HN2)
on cellular signaling pathways initiated by endogenous molecules released by dying
cells, damage-associated molecular patterns (DAMP). Proteins active in DAMP signaling include members of the toll-like receptor (TLR), TLR adaptor protein, and
NOD-like receptor (NLR) families. Using RT-qPCR, we found concentration and
time related increases in mRNA for TLR’s 2, 3, 6, 7 and 8 following treatment of
PAM 212 murine keratinocytes with 1-30 μM HN2. Increases in TLR mRNA’s
ranged from 4-15 fold, reached maximal levels by 24 hr and persisted for 72 hr.
HN2 also increased TLR adaptor protein mRNA for TRAF6 (10-fold), MyD88 (4fold), and NOD2 (13-fold) maximal responses were observed after 12 hr. HN2 also
increased mRNA’s downstream of DAMP including COX2, IL-1beta, NF-KB and
PPAR gamma; maximal effects were evident 24-72 hrs after HN2 treatment. Taken
together these data indicate that DAMP signaling is altered in response to HN2 in
a process mediated by TLR and NOD. In further studies, SB203580, a p38 MAP
kinase inhibitor, was found to suppress HN2-induced expression of MyD88,
TRAF6 and NOD2 indicating that MAP kinases regulate DAMP responses to
HN2. We speculate that DAMP signaling is important in vesicant-induced skin
toxicity and that regulation of DAMP by MAP kinases may modulate HN2-induced injury in the skin. Supported by AR055073.
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ASSESSMENT OF HUMAN SKIN PENETRATION OF
TWO IRRITANT HERBICIDES.

A. Berthet1, N. B. Hopf1, P. Spring2, A. Miles2, L. Forel2, A. Garrigou3, I.
Baldi3 and D. Vernez1. 1Institute for Work and Health, Lausanne, Switzerland,
2Centre Hospitalier Universitaire Vaudois, Lausanne, Switzerland and 3Université de
Bordeaux, Gradignan, France. Sponsor: M. Bouchard.
Two common herbicides; isoproturon and bentazon, are strong skin irritants and
cross the skin barrier easily. Assessment of percutaneous absorption of these substances is a very important step in the evaluation of any dermal or transdermal dose,
especially among agricultural workers who frequently have dermal exposures during
crop treatment. The aims of the study were to determine the permeation rate of
human skin for both herbicides in vitro, and histologically evaluate skin damage
due to irritation at different concentrations. Skin penetration was assessed using a
dynamic flow-through in vitro penetration system and analysis were performed
with ion trap LC-MS (acidified water: acetronitile, C18 column). Two concentrations of bentazon (75 and 150 μg/mL) and isoproturon (125 and 250 μg/mL) in
saline solution were applied on excised human skin from several donors. Saline
water was used as receptor fluid. Collection times were: 4, 8, and 24 hours. After
the experiments, the skin was removed and examined by histopathology for apoptosis, acanthosis, acantholysis and epidermolysis. The skin permeation rate, J, was
calculated from the slope of the cumulative amount permeated as a function of
time. The lag time, tL, was assigned from the time-axis intercept of the extrapolation of this linearity. Our results showed that tL for bentazon and isoproturon for
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both concentrations tested were similar; 2, 1.5 hours, respectively. Bentazon had a
lowerer J compared to isoproturon; 350, 600 ng/cm2/h, respectively. Some acanthosis was observed after 8 hours of exposure to either of the two substances. In
conclusion, our in vitro experiments demonstrate that bentazon and isoproturon
cross the skin barrier within 2 hours even at very low concentrations, and showed
some signs of skin damage. Future tests involve concentrations found in commercial products.
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THE USE OF EXCISED HUMAN SKIN IN THE IN
VITRO PREDICTION OF DERMAL CHEMICAL
IRRITATION.

C. A. Stewart1, 2, R. B. Turner2, M. B. Brown1, 2 and M. J. Traynor1. 1School of
Pharmacy, University of Hertfordshire, Hatfield, United Kingdom and 2MedPharm
Ltd, Guildford, United Kingdom.
Since the 1940s preliminary skin irritation evaluation has been conducted using the
Draize test. Ethical concerns over the use of animals and recognition that the responses in rabbits are not always predictive of human responses have initiated the
development of in vitro which include RHE models, animal skin organ cultures
and monolayer cell assays. However all of these differ from human skin by varying
degrees therefore making the use of human skin the ideal model if its availability
can be secured. The aim of this study was to investigate the response of testicular
skin to a range of known chemical irritants and corrosives to determine and compare this data to that obtained in in vivo Draize test. Human testicular skin (ethics
permission was obtained from South East London Research ethics committee 4
REC reference 10/H0807/51) was collected, prepared and mounted onto Millicell
inserts and placed in RPMI 1640 (10% FCS, 2mM L-Glutamine, 50 IU/ml
Penicillin, 50 μg/ml Streptomycin, 50 ng/ml Cholera toxin, 5 μg/ml
Hydrocortisone) for 24h. The viability of the skin in culture was determined by the
MTT assay; this demonstrated that viability could be maintained over the culture
period (60% initial viability at 96h). To look at the response to irritants and corrosives chemicals were selected with varying Draize scores (Di-propylene glycol, IPA,
Eugenol, limonene, tea tree oil, methacrolien, isostearic acid, KOH, SDS and
Methyl butyric acid). Tissues were treated with 100μl of each chemical for 1h then
washed with PBS to remove. The tissues where then placed in fresh media and the
viability of the tissues was assessed at 48h by MTT assay and conditioned media
was analysed for both IL-1α and IL-8 by ELISA. By combining the results from the
cytokine response and viability assay it was possible to correctly assign 80% of the
chemicals to their Draize classification i.e. non-irritants, irritants or corrosives. In
conclusion the data generated supports the use of human testicular skin in the in
vitro prediction of dermal chemical irritation.
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SKIN METABOLISM OF CINNAMIC ALCOHOL AND
CINNAMALDEHYDE: ITS ROLE IN CONTACT
DERMATITIS.

D. Duche, J. Eilstein, G. Lereaux and J. Meunier. Advanced Research, L’Oréal
Research & Innovation, Aulnay-sous-Bois, France. Sponsor: G. Nohynek.
Skin is an extrahepatic metabolizing organ. It can be involved in the metabolism of
chemicals which could have penetrated it. Contact dermatitis results from the interaction between haptens such as aldehyde and endogenous proteins to form antigenic complexes. Cinnamic alcohol (CIN-OH) and Cinnamaldehyde (CIN-CHO)
are very well known pro-hapten and hapten, respectively. In this work, we studied
the cutaneous metabolic fate of these two compounds. We used normal human skin
(NHS) and three reconstructed human skin models (skin models) from
SkinEthicTM laboratories to assure the relevance of their use. Results showed that
CIN-OH is oxidized into CIN-CHO by alcohol deshydrogenases (ADH) and
CIN-CHO is quickly oxidized into cinnamic acid by aldehyde deshydrogenases
(ALDH). No other metabolite was detected. Apparent enzymatic parameters such
as affinity (Km), maximal velocity (Vmax) and metabolic clearance, estimated by
the Vmax/Km ratio, were calculated from metabolites assay in dose-effect studies.
We observed that Vmax/Km ratio for ALDH (~ 0.8 ± 0.1 and 1.7 ± 0.6 μL.min1.mg prot-1 for models and NHS, respectively) was more important than ADH activity (~ 0.2 ± 0.1 μL.min-1.mg prot-1 for NHS and models). ALDH activity was
higher in NHS than in skin models but with a high individual variability.
Regarding these results, skin sensitization process will be triggered more likely when
the aldehyde local concentration exceeds the capacity of ALDH isozymes to metabolize it. Moreover, people who would be deficient in the gene expression of a crucial
ALDH isoform could represent a sensitive target to CIN-CHO sensitization. In
conclusion, findings show that, for these metabolic pathways, skin reveals a more
detoxifying behavior than a bioactivating one. On the other hand, skin models can
replace NHS to study the cutaneous metabolism of primary alcohols and aldehydes
and determine the saturating concentration of substrates which could become
toxic.
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COMPARISON OF XENOBIOTIC METABOLIZING
ENZYME ACTIVITIES IN NORMAL HUMAN SKIN AND
RECONSTRUCTED HUMAN SKIN MODELS FROM
SKINETHICTM LABORATORIES.

G. Léreaux, J. Eilstein, J. Meunier and D. Duché. L’Oréal Research &
Innovation—Advanced Research, Aulnay-sous-Bois, France. Sponsor: G. Nohynek.
Skin stands for the major protective barrier of the body to its environment. Also,
skin is an organ involved in the metabolism of xenobiotics and its ability to metabolize them can become consequent when considering its total surface area (2 square
meters). Consequently, research on skin metabolism would need a real scientific effort to characterize skin metabolizing enzymes and their activities. In addition, the
7th European amendment to the cosmetic directive forbids the use of animal testing
to assess the safety of new cosmetic ingredients. This policy has forced the cosmetic
industry to develop in vitro tools such as reconstructed human skin models (skin
models) as alternative methods to animal experiments. For these reasons, these skin
models require to be characterized and compared with normal human skin (NHS)
samples in terms of metabolic capabilities. mRNA expression of several enzymes
(CYP450, Esterase, ADH, ALDH, NAT, GST, UGT, SULT…) were previously
demonstrated. This work presents their apparent catalytic parameters determination (apparent Km, Vmax and the ratio Vmax/Km) in skin models compared with
NHS. Results show that all these enzymes involved in the metabolism of xenobiotics are expressed and functional in the NHS and skin models. Also, the
Vmax/Km ratios(estimating the intrinsic metabolic clearances) show that the metabolic abilities are the most often comparable between the skin models and NHS.
These results indicate that the skin models can substitute themselves for NHS to select cosmetic ingredients on the basis of their metabolism.
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SKIN SUBSTITUTE TISSUE BIOENGINEERED TO
INHIBIT EXCESSIVE PROTEASE ACTIVITY IN
CHRONIC CUTANEOUS WOUNDS.

C. Rasmussen1, 2, C. Thomas-Virnig1, 2, B. Steiglitz1, N. Simon1, S. Sisson1, S.
Schlosser2, T. Cleven2, M. Taylor2 and L. Allen-Hoffmann1, 2. 1Stratatech
Corporation, Madison, WI and 2University of Wisconsin-Madison, Madison, WI.
Successful wound closure requires balanced matrix metalloproteinase (MMP) and
tissue inhibitor of metalloproteinase (TIMP) activity for proper granulation tissue
formation and keratinocyte growth and migration. Chronic cutaneous wounds exhibit a highly proteolytic environment due to an increase in MMP activity and a
decrease in TIMP activity inhibiting the healing process. Our hypothesis is that a
human skin substitute genetically modified with a non-viral vector to express elevated levels of TIMP-1 will reduce the proteolytic imbalance of chronic wounds.
NIKS® keratinocytes, a consistent source of clinically-tested, genetically-uniform,
non-tumorigenic, pathogen-free human epidermal progenitors, were stably transfected with a non-viral TIMP-1 expression construct. Stably-transfected NIKS cells
(NIKSTIMP-1) were cultured to form a fully-stratified skin substitute tissue
(ExpressGraftShield) that secreted 4-fold higher TIMP-1 levels than unmodified
tissue. TIMP-1 from ExpressGraftShield tissue binds MMPs 1, 2 and 9.
Conditioned medium from ExpressGraftShield inhibited MMP-2 activity by 67%
compared to unmodified skin tissue in an in vitro gelatin cleavage assay. Using this
assay, conditioned medium from ExpressGraftShield inhibited gelatinase activity of
chronic wound fluid from a venous ulcer patient by up to 50% compared to conditioned medium from unmodified tissue. Assessment of tensile strength demonstrated that the physical properties of ExpressGraftShield are comparable to
StrataGraft®, the clinically-tested unmodified skin substitute tissue. NIKSTIMP-1
cells possess a stable karyotype and importantly, in vitro and in vivo studies have
confirmed that NIKSTIMP-1 clones are non-tumorigenic. In vivo efficacy studies
are currently underway evaluating ExpressGraftShield in a chronic wound animal
model. These preclinical data will support translation of this technology into the
clinic to combat the highly proteolytic environment of chronic cutaneous wounds.
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IN VIVO DERMAL UPTAKE OF DILUTE AQUEOUS
ORGANIC CHEMICALS IS UNDERESTIMATED ~10FOLD BY MODELS BASED ON IN VITRO DATA.

K. T. Bogen. Exponent Health & Environmental, Oakland, CA.
In the U.S. and Europe, exposure and risk associated with dermal contact with
media containing environmental chemicals are now primarily assessed using steadystate permeability data obtained from in vitro diffusion-cell experiments, or model
predictions that (upwardly) adjust physico-chemical regression (PCR) fits to such
data to address non-steady-state, short-term exposure conditions. This study tested
the reliability of the latter approach to predict short-term dermal uptake of dilute

aqueous lipophilic organic chemicals (LOCs). Effective permeability (Kup) predictions by two such models were compared to values obtained or derived from in vivo
experiments that used the “difference method” to measure net chemical loss from
solution over ~1 hour, with vs. without skin contact. In vivo Kup measures for overlapping sets of 14, 17, 21 and 23 dilute LOCs were all well predicted (to within ~2fold, r ≥ 0.89, p ≤ 10–7) by set-specific PCR models. In contrast, the in-vitro-based
Kup-prediction approach developed 20 years ago by the U.S. EPA, and still widely
used, underestimates every experimentally based in vivo Kup value considered, by a
median factor of ~10. Another similar model examined also tends to underestimate
in vivo values substantially. Until wide discrepancies between in vivo measures and
predictions based on in vitro data are better understood for aqueous organics, the in
vivo database should be expanded, and it offers the more conservative basis for assessing dermal exposures by this route.
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CUTANEOUS ABSORPTION ON RHE: GUIDANCE TO
THE CHOICE OF SOLVENT FOR TOPICAL
APPLICATION.

A. Garrigues-Mazert, S. Grégoire, C. Patouillet, D. Lelievre and J. Meunier.
Advanced Research, L’Oréal, Aulnay-sous-Bois, France. Sponsor: G. Nohynek.
Reconstructed human epidermis (RhE) model is recognized as a possible in vitro alternative of human skin to assess cutaneous absorption. RhE is a very relevant in
vitro model as it combines barrier and biological functions. For topical application,
the question to ask is how to choose the vehicle for optimized cutaneous absorption.
The absorbed dose of chemical topically applied should increase linearly with concentration until the saturated concentration. This limit corresponds to the saturated concentration of chemical in the stratum corneum. It should be independent
of the nature of the vehicle, as it does not modify the barrier properties of the stratum corneum. Consequently, the best vehicle is not necessarily the best solvent
adapted to solubilize the chemical. On the contrary, the greater absorption could be
reached using the worst solvent for chemical solubility.
Caffeine and Butylated hydroxytoluene (BHT) solubilized either in water or in
corn oil were applied on EpiskinTM model. Kinetic experiments with infinite dose
were measured, allowing measuring permeability coefficient and flux at steady state.
Caffeine solubilized in water fits with the theory, whereas BHT differs. It means
that the absorbed dose still increase above the saturated concentration of BHT in
water as in corn oil. Nevertheless, the absorbed amount of BHT is around twice
lower with corn oil whereas the saturated concentration is almost 400 greater than
with water.
Such results should defined relevant rules to choose proper solvent for topical application on RhE. Similar conclusion could be extended to any other type of skin.
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AN IN VITRO SKIN MODEL OF HUMAN NEOPLASIA.

M. Hoffmann1, C. Rasmussen1, 2, N. Peters1, K. Behrend1, M. Taylor1 and L.
Allen-Hoffmann1, 2. 1University of Wisconsin-Madison, Madison, WI and 2Stratatech
Corporation, Madison, WI.
Over half of all human cancers originate in stratified squamous epithelia. Although
potentially critical to the development of successful treatments, the specific contributions of the tissue microenvironment to primary carcinoma progression are
poorly defined. To better understand these contributing factors and their impact on
the identification of chemopreventive agents, a model that enables evaluation of tumorigenic cells within the context of normal human epithelia is needed. Based on
the full-thickness StrataTest® human skin model, we have developed an in vitro
model of human neoplasia that provides a biologically relevant screening tool for
the assessment of cytotoxic or cytostatic agents. NIKS® keratinocytes, a well-defined and consistent source of clinically-evaluated, non-tumorigenic, human epidermal progenitors, are used to generate the microenvironment of the interfollicular epidermis. Discrete foci of fluorescent squamous cell carcinoma (SCC) cells
within this three-dimensional organ-specific microenvironment enable sensitive
fluorescence-based measurement and quantification of neoplastic growth in response to treatment with chemotherapeutic agents. The model was characterized
using fluorescence and confocal microscopy to confirm that formation of fluorescent tumor foci within the microenvironment mimics in vivo SCC tumor growth.
The extent of fluorescent SCC cell growth was assessed visually using fluorescence
imaging. As anticipated, the extent of total tumor growth increased over time in
untreated control samples. When the chemotherapeutic agents cisplatin or adriamycin were added, dose-dependent decreases in tumor growth were observed.
Viability assessments confirmed increased cytotoxicity at higher dosage levels. A
fluorescence-based image processing strategy has been developed to quantify tumor
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burden and is currently being used to calculate specific dose-associated decreases in
tumor burden for both agents. The results support use of this model for the determination of anti-cancer therapy efficacy and surrounding normal tissue toxicity.
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STRATAGRAFT® SKIN TISSUE AS AN ALTERNATIVE
TO AUTOGRAFTING IN PROMOTING HEALING OF
DEEP PARTIAL-THICKNESS BURNS.

A. Comer, M. Lokuta, K. Van Winkle, C. Thomas-Virnig and L. AllenHoffmann. Stratatech Corporation, Madison, WI.
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TCDD ENHANCES LIPID METABOLISM,
CORNEOCYTE EXPRESSION, AND REACTIVE OXYGEN
SPECIES, ACCELERATING KERATINOCYTE
DIFFERENTIATION: AN INTEGRATED
GENOMIC/METABOLOMIC APPROACH.

L. Kennedy1, Q. T. Tran2, S. Bodreddigari2, E. Kensicki3, R. Mohney3, C. H.
Sutter2 and T. R. Sutter1, 2. 1Chemistry, University of Memphis, Memphis, TN,
2Biological Sciences, University of Memphis, Memphis, TN and 3Metabolon Inc.,
Durham, NC.
Chloracne is commonly observed in people exposed to dioxins, yet the mechanism
of toxicity is not well understood. The pathology of chloracne is characterized by
hyperkeratinization of interfollicular squamous epithelium, hyperproliferation and
hyperkeratinization of hair follicle cells, as well as a metaplastic response of the ductular, sebum secreting, sebaceous glands. In vitro studies using normal human epidermal keratinocytes (NHEKs) to model interfollicular human epidermis demonstrate a 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)-mediated acceleration of
differentiation. By harnessing the combined strengths of microarray analysis and
LC-MS2, we integrated the effects of TCDD on NHEKs at the genomic, as well as
functional level. HPTLC was used to measure changes in lipid quantities of the epidermal barrier - cholesterol, free fatty acids (FFA), and ceramides. Eight of nine ceramide classes in the lipid matrix were increased significantly by TCDD, with almost no change noted in cholesterol and FFA. Expression of numerous genes
associated with corneocyte formation was increased by TCDD. Along with these
increases in expression in lipid matrix and corneocyte genes, TCDD increased mitochondrial ROS formation. Mechanisms by which TCDD increased ROS include
(1) decreased levels of mitochondrial reduced glutathione with corresponding increases in oxidized glutathione, as a result of reduced mitochondrial glutathione reductase activity, and (2) reduction of enzymes and metabolites of the glycolytic
pathway. Increases in ROS have been associated with mitochondrial apoptotic-like
events that occur during keratinocyte terminal differentiation, indicating that increases in ROS, as well as increases in expression of lipid matrix and corneocyte
genes, are mediating the acceleration of differentiation by TCDD.

Deep partial-thickness burns are clinically managed in the same manner as fullthickness burns; by surgical excision with subsequent autologous skin grafting.
Alternatives to autografting to reduce the pain and morbidity associated with donor
site wounds are needed. StrataGraft, a novel living human skin substitute, has been
developed to treat severe burns and other complex skin defects. This skin tissue
consists of a dermal layer containing normal human dermal fibroblasts and a fullystratified, biologically-active epidermis derived from NIKS® keratinocytes. In a
phase I/IIa clinical trial, StrataGraft skin tissue was well tolerated and comparable
to cadaver allograft in the ability to prepare full-thickness wounds for autografting.
No product-related adverse events were observed and exposure to StrataGraft tissue
did not elicit an acute immune response. A phase Ib clinical trial is being conducted
to examine the safety and efficacy of StrataGraft skin tissue as an alternative to autografting for deep partial-thickness burns. Up to 20 patients will have excised deep
partial-thickness burns covered with StrataGraft tissue to determine if it promotes
healing and eliminates the need for autografting. The primary efficacy outcomes are
wound closure after 3 months and the percentage of the initial wound area that requires autografting by 28 days after StrataGraft tissue application. Additional assessments include wound cosmesis, immunological responses, and persistence of allogeneic DNA. It is anticipated that StrataGraft tissue may promote healing,
improve survivability, and reduce morbidities by 1) providing a barrier to water loss
and infection, 2) promoting healing without autografting, 3) reducing pain by covering exposed nerve endings, 4) enhancing functional and cosmetic outcomes by
quickly closing the wound, and 5) avoiding painful donor site wounds by eliminating the need for autografting. Results of this study will guide development of late
stage clinical trials of StrataGraft skin tissue for use in severe burns and other complex skin defects.
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AN INTEGRATIVE APPROACH FOR THE PREDICTION
OF ACUTE SYSTEMIC TOXICITY: VALIDATION OF
THE MODEL COMBINING CELL TOXICITY, AND
PHARMACOLOGICAL AND PHYSICO-CHEMICAL
PROPERTIES.

R. R. Note1, H. Noçairi1, M. Thomas1, L. Bourouf1, J. McKim2, G.
Ouédraogo1 and J. Meunier1. 1Safety Research, L’Oréal, Aulnay-sous Bois, France
and 2Ceetox, Kalamazoo, MI.
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PERCUTANEOUS ABSORPTION OF 14CAMINOETHYLETHANOLAMINE, IN VITRO, USING
THE FRANZ FINITE DOSE MODEL WITH HUMAN
AND RAT SKIN.

R. Krishnaraj1, P. A. Lehman2, S. G. Raney2, N. Moore3, R. J. Papciak4, R. J.
Parod5 and E. C. Bisinger1. 1Akzonobel, Chicago, IL, 2Cetero Research, Fargo, ND,
3Dow Europe GMBH, Horgen, Switzerland, 4Hunstman Corporation, The
Woodlands, TX and 5BASF Corporation, Wyandotte, MI.
Aminoethylethanolamine (AEEA) is an organic base used in the manufacture of
fuel/oil additives, chelating agents, surfactants and fabric softeners. This in vitro
study was aimed at evaluating the effect of AEEA exposure on skin barrier integrity
and to characterize its absorption in human and Wistar rat skin. Studies were conducted in 1cm2 Franz diffusion cells using cryopreserved human trunk skin and rat
skin. The skin barrier integrity test was based on the amount of 3H2O absorbed 30
min after a 5 min pulse exposure. The effect of AEEA on barrier integrity was assessed before and after (1 & 16-hr) an 8-hr exposure (5 μL/cm2) to 0, 0.25, 2.5,
10.0 and 25% AEEA (in water). The absorption of AEEA (5 μL/cm2) was measured in 3 skin donors using 0.25, 2.5 and 25% 14C-AEEA. 14C-AEEA flux was
monitored over 24-hr; with removal of AEEA at 8-hr. Mass balance was assessed at
24-hr. An 8-hr exposure to 25% AEEA (n=6) increased 3H2O permeability 1.3fold (human) and 4.4-fold (rat) at 16-hr post-exposure. At lower AEEA concentrations (n=3), no changes in 3H2O permeability of human and rat skin were noted,
except a 5.8-fold increase at 10% AEEA (16-hr) in rat skin. The water permeability
of vehicle-only exposed rat skin, but not human skin, increased 4-fold at 16-hr
post-exposure. Total AEEA absorption ranged from 14-31% (rat) and 3.2-3.6%
(human). Absorption of 14C-AEEA showed a rapid early peak at ~30 min in rat,
and a slow rise to a peak at ~7 hr in human. In both, AEEA flux progressively declined after its removal at 8 hr. Thus, an 8-hr exposure to 25% AEEA concentration
can moderately alter rat and human skin barrier integrity. However, the increased
3H2O permeability observed was within the normal range known for untreated
human skin and is unlikely to represent a biologically relevant change in barrier integrity. AEEA can penetrate human and rat skin, but human skin is 4-10-fold less
permeable than rat skin.

126

SOT 2012 ANNUAL MEETING

Developing alternatives in the area of acute systemic toxicity remains a challenge
because of the complexity of the biological processes involved. However, we have
demonstrated that applying a realistic approach, based upon the combination of
multiple parameters could provide promising results. We showed that considerations of cell-death data, pharmacological profiles and physico-chemical properties
resulted in a significant improvement of the LD50 model originally developed by
CeeTox (standard model). 75% of the chemicals pertaining to a revised GHS categorization were correctly classified versus 50% with the standard model. In addition, at an LD50 threshold of 500 mg/kg, the sensitivity and specificity were 85%
and 89% against 71% and 83% with the standard model. The study presented
herein describes results obtained with a new selection of chemicals. A validation set
that consisted of 17 compounds was evaluated in the improved method and compared to in vivo data. Cytotoxicity and pharmacological parameters were processed
in conjunction with specific physico-chemical properties in order to generate LD50
predictions. The results confirmed that the integrative approach was robust and
that improvements made improved the predictions of highly toxic chemicals. The
results showed that 16 out of the 17 chemicals were correctly categorized. In addition, by pooling the training and validation sets, the overall predictive performance
remained high, with sensitivity and specificity of 87% and 89% at an LD50 threshold of 500 mg/kg. This study is a clear demonstration that one way to address acute
systemic toxicity is the combination of multiple, mechanism-based parameters and
key chemical properties. However, efforts are still required to expand the applicability domain of the model and anticipate the complexity and diversity of consumer
products in terms of chemical reactivity and classes of solubility profiles.
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METHODS FOR COMPARING COMPOUND SETS
BASED ON THEIR PRECLINICAL IN VIVO STUDY
OUTCOMES.

N. Greene, A. Enayetallah, S. Louise-May and X. Wang. Pfizer Inc., Groton, CT.
In recent years there has been increasing interest in developing in vitro assays that
are predictive of in vivo outcomes. In order to validate in vitro assays it is necessary
to have a large set of compounds where the in vivo outcomes are known and can be

compared to the responses in the assay. Most efforts have focused on comparing
assay responses to specific lesions like proximal tubule damage or broader grouped
phenotypic responses like hepatotoxicity to see if trends and patterns exist.
However, recent publications have described other approaches using a more holistic
comparison of the in vivo responses of compounds. One method used the systemic
exposure at which the first sign of injury is observed irrespective of the nature of
that injury to compare compound responses [1]. Other methods used the survival
of a compound to a first in human clinical trial to look at properties of compounds
that are most likely to succeed [2].
Here we describe an approach to provide a quantitative measure of the level of
severity of in vivo toxicity thus combining findings across dose groups to yield a single metric of in vivo toxicity at the compound-study level to enable comparisons
across compounds. This method was then applied to a set of Pfizer compounds to
see how this measure relates to chemical properties and in vitro assay profiles when
compared to a previously used system for classifying compounds. In general, the
trends previously observed with physicochemical parameters such as lipophilicity
and polar surface area [1] remain unchanged yet there are improvements in the correlation to cytotoxicity measures [3] suggesting that this approach to comparing
compounds improves upon previous classification systems.
1. Hughes, J.D., et al., Bioorg Med Chem Lett, 2008. 18(17): p. 4872-5.
2. Luker, T., et al., Bioorg Med Chem Lett, 2011. 21(19): p. 5673-9.
3. Greene, N., et al., Bioorg Med Chem Lett, 2010. 20(17): p. 5308-12.
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CRYOPRESERVED HUMAN SPLENOCYTES AS AN IN
VITRO MODEL FOR HUMAN IMMUNOTOXICITY.

H. Swaminathan1, M. Xia2, J. Zhao2 and A. P. Li1. 1In Vitro ADMET
Laboratories, Advanced Pharmaceutical Sciences, Columbia, MD and 2National
Institutes of Health Chemical Genomics Center, Rockville, MD.
The spleen is an important organ for the production of T- and B-lymphocytes and
natural killer cells to combat infections and to suppress cancer cell proliferation.
Damage to the spleen, as exemplified by most anticancer agents, would lead to severely compromised immune functions. In animals, splenic toxicity is determined
by decreases in organ weight and histological changes. In our laboratory, splenocytes were isolated from human spleens and cryopreserved for the development of
an in vitro human immunotoxicity assay. We have developed procedures for successful cryopreservation of human splenocytes, with post-thaw viability of approximately 90%. The cryopreserved splenocytes in culture were found to be responsive
to the proliferation-stimulatory effects of interleukin-2 (IL-2; 1 to 100 ng/mL) and
phytoagglutinant (PHA; 1 to 10 ug/mL). Splenocytes isolated and cryopserved
from three human spleens were thawed, pooled and plated in 1536-well plates directly (representing non-proliferating cells) or after PHA stimulation (2 ug/mL for
48 hrs; representing proliferating cells), using cellular ATP content (CellTiter Glo)
as viability endpoint. The cytotoxicity of known anticancer agents including 5-fluorouracil (5-FU), cisplatinum, cyclophosphamide (CP), methothrexate (MXT),
paclitaxel (PTX), tamoxifen, vincristine, vinorelbine, as well as the known cytotoxic
compounds potassium dichromate, tetracctylammouium bromide, and staurosporine, were evaluated. Dose-dependent cytotoxicity was observed in all compounds except 5-FU, CP, MTX, and PTX, presumably due to the lack of metabolic
activation. The results suggest that the cryopreserved human splenocytes can be
used for routine evaluation of potentially immunotoxic agents such as anticancer
drugs and environmental chemicals using the 1536-well format for high throughput screening. Efforts are underway to incorporate exogencous metabolic activating
system for the evaluation of pro-cytotoxicants.

587

ZEBRAFISH AS A MODEL FOR QUANTITATIVE
ASSESSMENT OF HUMAN DEVELOPMENTAL
TOXICITY.

C. R. Fleming1 and J. C. Lambert2. 1Oak Ridge Institute for Science and Education,
Cincinnati, OH and 2US EPA, Cincinnati, OH.
The zebrafish model has been shown to be a useful screening tool for qualitatively
predicting mammalian developmental toxicity, both in terms of whether or not a
chemical is teratogenic and the types of effects produced. However, application in
risk assessment requires quantitative dose-response information. This study addresses the quantitative relationship between effect levels for developmental endpoints in zebrafish and rodent assays. To allow for comparison of effect levels, zebrafish studies using aqueous exposure with no estimate of dose to the egg (e.g.
mg/kg) were excluded. For each chemical, rodent studies were identified which provided dose response data for similar endpoints as those measured in the zebrafish assays. The LOAEL (based on maternal dose) in the rodent studies was then compared to the estimated dose (e.g. mg/kg) to the zebrafish egg. Five chemicals with
suitable zebrafish studies were identified: 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD), ethanol, caffeine, domoic acid (DA), and all-trans retinoic acid (tRA).

The ratios of rodent LOAELs to zebrafish LOAELs for specific developmental endpoints in these studies were as follows: TCDD, 2.9-3.8; ethanol, 1.0-2.3; caffeine,
2.1; DA, 1.5-2.7; tRA, 6.3-6.7. Comparing study LOAELs across all endpoints
rather than for specific effects, the rodent:zebrafish ratios were 1.2-2.7. In all cases,
developmental LOAELs from rodent studies were within an order of magnitude of
developmental LOAELs in zebrafish. For most endpoints, the zebrafish was slightly
more sensitive than rodents. This suggests that in cases where rodent developmental data are not available, the zebrafish may serve as a viable alternative for rapid and
inexpensive quantitative assessment of developmental toxicity. Further study with a
wider array of chemicals is necessary to validate this approach. The views expressed
in this abstract are those of the authors and do not necessarily reflect the views or
policies of the US EPA.
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ACTIVITY OF US EPA’S TOXCAST COMPOUNDS
USING A C. ELEGANS GROWTH SCREEN.

W. A. Boyd1, M. V. Smith2, J. R. Rice1 and J. H. Freedman1, 3. 1BSB, NTP,
Research Triangle Park, NC, 2SRA International, Research Triangle Park, NC and
3LTP, NIEHS, Research Triangle Park, NC.
Tox21, an intergovernmental toxicology community, is exploring the use of highthroughput in vitro tests and alternative model organisms for prioritizing the large
numbers of chemicals with limited toxicological data for more comprehensive testing and to develop prediction models for human disease. As part of this effort, the
US EPA is evaluating collections of chemicals in a program known as ToxCast™.
The ToxCast™ Phase I library contains 309 unique compounds, mainly pesticide
active ingredients with well-characterized mammalian toxicities. The ToxCast™
Phase II library contains 676 unique chemicals including failed drugs, food additives, and industrial products. Toxicity assays in 96-well formats have been developed for C. elegans including reproduction, growth, and feeding using the COPAS
Biosort. The C. elegans growth assay, which measures changes in size after a 48-h exposure, was used to screen both ToxCast™ libraries. Chemical activity was evaluated when possible by half-maximal effective concentrations (EC50s) and lowest effective concentrations (LECs). Previously, we reported that 64% of the Phase I
chemicals were classified as active using an activity score based on decreased size at
each concentration as well as steepness of negative concentration-response trends.
Because the Phase II compound set is more chemically diverse, we expected a lower
percentage of active compounds than for Phase I. However, 57% of chemicals were
found to decrease C. elegans growth and development at the highest concentration
tested (ranging from 48 μM to 100 mM). Excellent reproducibility was observed
for the eight chemicals replicated in the Phase II library: seven were active and one
was inactive in all replicates. Information and experience gained from the C. elegans
screening of the ToxCast™ libraries will be used to inform the design of future toxicity screens of the Tox21 library, which contains approximately 10,000 compounds.
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PROLIFERATION AS A KEY EVENT IN
DEVELOPMENTAL TOXICITY: CHEMICAL
SCREENING IN HUMAN NEURAL STEM CELLS USING
HIGH-CONTENT IMAGING.

M. Culbreth1, T. Freudenrich2, T. Shafer2 and W. Mundy2. 1Student Contractor,
US EPA, Research Triangle Park, NC and 2ISTD, US EPA, Research Triangle Park,
NC.
New toxicity testing approaches will rely on in vitro assays to assess chemical effects
at the cellular and molecular level. Cell proliferation is imperative to normal development, and chemical disruption of this process can be detrimental to the organism. As part of an effort to elucidate toxicity pathways, we screened 38 known developmental toxicants for effects on proliferation of neural stem cells. Human
neuroprogenitor (ReN CX) cells were grown in 96-well plates and exposed to
chemicals (0.001 to 100 uM) for 24 h. BrdU, which incorporates into replicating
DNA, was added to the cells 20 h post exposure. Proliferating (BrdU positive) cells
were quantified using immunocytochemistry and automated image analysis; cell viability was assessed in duplicate plates. The concentration which caused a 30% decrease from control (E30) and the lowest statistically effective concentration (LEC)
were compared across endpoints and chemicals. Of the 38 developmental toxicants
tested, 16 induced at least a 30% decrease in proliferation, and in 14 cases this effect was also statistically significant. Thirteen out of the 16 chemicals affecting proliferation were known developmental neurotoxicants. For the chemicals that decreased proliferation, 6 did so at concentrations that did not affect cell viability.
Seven chemicals with no reports of developmental toxicity (negative controls) were
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also tested, and did not affect proliferation or cell viability. These results demonstrate the ability to screen rapidly chemicals for effects on cell proliferation, a key
event in development. Effects of this chemical set will be examined in other model
systems (embryonic stem cells, zebrafish) to identify common pathways leading to
developmental toxicity. This abstract does not necessarily reflect US EPA policy.
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DEVELOPMENTAL EXPOSURE TO PFOS OR PFOA
INDUCES SIMILAR BEHAVIORAL ALTERATIONS IN
ZEBRAFISH AND IN MICE.

S. Spulber1, W. Wan Ibrahim1, M. Ul Haq2, L. Norrgren2 and S. Ceccatelli1.
1Department of Neuroscience, Karolinska Institutet, Stockholm, Sweden and
2Department of Pathology, Swedish University of Agricultural Sciences, Uppsala,
Uppsala, Sweden.
The Zebrafish (ZF) has emerged as a relevant whole-organism model attractive also
for behavioral neurotoxicologists, since the fish shows most of the behavior seen in
terrestrial species. We have implemented ZF as a model for developmental neurotoxicity (DNT) studies and the initial aim is to evaluate our ZF behavioral data
after ethological validation against the background of knowledge from rodent models. In this study we have tested the visual locomotor response in ZF larvae following developmental exposure to perfluorooctane sulfonate (PFOS) or perfluorooctanoic acid (PFOA) and compare the results with our behavioral data from PFOSand PFOA-exposed mice. Fertilized ZF eggs were continuously exposed to 0.1 or 1
mg/L PFOS or PFOA in the water starting at 2 hpf (1-2 cell stage). The visual locomotor response was tested at 96 hpf by exposing the fish to brief alternating periods of light and darkness in a controlled environment that allowed live video tracking. Abrupt changes in light intensity induce a burst of swimming activity that
typically subsides within 10 min after switching the light off in the observation
chamber. Mice were exposed to 0.3 or 3 mg/kg PFOS or PFOA via maternal food
throughout pregnancy. Locomotor activity was recorded at 5-6 weeks of age within
2 h after moving to a novel environment. After deriving similar parameters for the
analysis of locomotor activity in both species, we found that both chemicals had
similar effects in mice and ZF, with similar dose-response curves. We found that exposure to either PFOS or PFOA resulted in hypoactivity and an accelerated decay
in locomotor activity during the observation period. In light of additional behavioral observations, these findings are suggestive for a decrease in neuromuscular endurance in the animals exposed during early developmental stages. Taken together,
our data point to ZF as a promising model for DNT studies designed for screening
purpose and/or identification of mechanisms of neurotoxicity.
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INVESTIGATION OF ZEBRAFISH YOLK SAC
INJECTION.

C. Doshna, H. Pisharath and M. Aleo. Pfizer, Groton, CT.
Zebrafish (Zf ) is an upcoming animal model for toxicity assessment. However, unlike mammalian models, routes of drug administration for Zf are limited to exposure in their supportive media which may lead to variable uptake. Previous work
(Doshna et al., 2009 Tox.Sci.) demonstrated drug uptake into Zf could not be predicted based upon physical-chemical properties alone & bioanalysis was necessary
to confirm uptake. In this study we investigate yolk sac injection of dyes to model
an alternate route to address uptake variability. Two fluorescent probes,
Sulforhodamine B [SRB] & Rhodamine B hexyl ester perchlorate [RBHE], were
used as models of hydrophilic & hydrophobic drugs, respectively, due to their
structural similarity but disparate logP values. Zf were injected with SRB or RBHE
at 8-32 cell stage or 24hr post fertilization [hpf ]. Images were captured at 0.5, 4 &
24hr post injection (hpi). SRB was rapidly incorporated into cells when injected
into 8-32 cell stage embryos. By 4hpi most of SRB was in the “animal pole” inside
the cells. By 24hpi, yolk fluorescence intensity was higher than the embryo proper
suggesting repartitioning of SRB. When injected at 24hpf, SRB rapidly & uniformly distributed in yolk but failed to enter the embryo by 24hpi. At 8-32 cell
stage, RBHE did not distribute uniformly in yolk, entering cells immediately subjacent to point of injection (focal distribution). At 24hpi RBHE was seen uniformly distributed in the embryo suggesting diffusion from focally incorporated
cells or additional uptake from yolk. When injected at 24hpf, RBHE stayed close to
the injection site in yolk & failed to enter the embryo even at 24hpi. Hydrophilic
yolk material allows distribution of such compounds as evidenced by distribution
of SRB & then redistribution from the cells back into yolk. This could minimize
uptake variability of membrane impermeable hydrophilic drugs as seen during external application. Though the phenomenon of redistribution into the yolk needs
further investigation, the technique could be used for early toxicity studies. In addition, our studies at 24hpf suggest a yolk environment not conducive for passive uptake irrespective of logP values.
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BEHAVIORAL AND BINDING PROPERTIES OF
DECYNIUM-22 IN ZEBRAFISH AND MICE.

G. G. Gould, R. E. Horton, J. C. Groh, W. A. Owens and L. C. Daws.
Physiology, University of Texas Health Science Center at San Antonio, San Antonio,
TX.
Uptake 2 mechanisms such as organic cation transporters (OCTs) modulate
monoamine neurotransmission in brain. Their blockade produces effects similar to
selective serotonin reuptake inhibitors. For example, decynium-22 (D-22) blocks
5-HT uptake and produces antidepressant-like effects in mice (Baganz et al., 2008,
PNAS 105:18976-18981). We explored the behavioral and neurochemical properties of D-22 in mice and zebrafish. Administration of D-22 (0.01 mg/kg) or diazepam (1 mg/kg) significantly increased social approach in BTBR mice 50 min
after injection (p < 0.05, N = 6). However, unlike diazepam, D-22 did not reduce
marble burying in BTBR mice. In adult zebrafish, 5 min bath exposure to either
12.5, 25 or 50 mg/L D-22 was without effect on locomotion or behavior in either
the dive-tank or light/dark plus maze anxiety tests. In contrast, 25 mg/L buspirone
increased top-dwelling in the dive-tank (p < 0.05, N = 5-8). D-22 may block
OCT3 or OCT3-like uptake 2 sites in mouse and zebrafish brains. Using a polyclonal rabbit anti-rat OCT3 antibody, we found that OCT3 mRNA type-labeling
was 30% higher in zebrafish whole brain than in the mouse hippocampus, where
OCT3 is richly expressed (N=5). Saturation binding of [3H] D-22 in zebrafish
whole brain and mouse hippocampal homogenates revealed a common KD of 5 ±
1.5 nM, and Bmax of 3532 ± 1187 fmol/mg protein in the zebrafish brain, and a
Bmax of 1186 ± 231 fmol/mg protein in mouse hippocampus (N=3). Binding of
[3H] D-22 was partially blocked by the neurotoxic MPTP metabolite MPP+, a
known substrate of OCT3. In OCT expressing HEK cells, [3H] MPP+ uptake was
blocked by D-22 with IC50 values (uM) of 0.9 ± 0.4 for OCT1, 0.3 ± 0.1 for
OCT2 and 0.8 ± 0.2 for OCT3 (N=5). OCTs have affinity for and/or transport
many endogenous and xenobiotic compounds, and it appears that their properties
could be similar in zebrafish and mice. Further study of uptake 2 in zebrafish is necessary to determine if D-22 is blocking OCT3-like transporter(s) in brain. Support
by: NIMH64489, NIMH086708 & T42CCT610417.
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COMPARATIVE EVALUATION OF THE
CONVENTIONAL RADIOACTIVE LOCAL LYMPH
NODE ASSAY AND NONRADIOACTIVE
ALTERNATIVES.

J. Wieland1, A. Poth1 and C. Spohr2. 1Genetic and Atlernative Toxicology, Harlan
Cytotest Cell Research GmbH, Rossdorf, Germany and 2Technical University
Darmstadt, Darmstadt, Germany.
The Local Lymph Node Assay is able to detect not only the sensitizing properties of
chemicals but also the potency of a potential allergen, by evaluating different test
concentration. OECD 429 includes the radioactive determination of incorporated
3H-Thymidine in the proliferating lymph node cells, where as OECD 442B describes the nonradioactive determination by the ELISA-technique. The presentation will describe a comparative evaluation of both methods and the use of additional parameters included in the LLNA for discriminating sensitization from
irritation. For this DNCB, HCA, Eugenol, Croton Oil and Benzoic acid were investigated in the LLNA following OECD 429 and 442B. As additional parameters
for discriminating sensitization from irritation, evaluation of the total cell count
and of the ear and lymph node weights were used. The results indicate that the conventional radioactive method, the ELISA method and the determination of the
total number of cells allowing a clear differentiation between moderate, strong, extreme and nonsensitizers. It was shown that the determination of the ear thickness
as an additional parameter has only limited value because of the inaccuracy of the
method. The data lead to the conclusion that the LLNA ELISA method 442B is a
useful substitute to the conventional radioactive LLNA (OECD 429), which will
lead to minimisation of occupational radioactive exposure and to the elimination of
radioactive waste and as well as to the performance of the LLNA in laboratories
which are not licensed to use radioactive reagents.
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ANIMAL STRAINS IMPACT THE LLNA-BRDU RESULT.

D. Hayashi1, 3, Y. Nozaki2, H. Takagi2, T. Satoh1, 4, R. Guest5 and T. Anzai1, 3.
1Harlan Laboratories Co., Ltd., Tokyo, Japan, 2Japan SLC, Inc., Hamamatsu, Japan,
3Department of Legal Medicine, Showa University School of Medicine, Tokyo, Japan,
4HAB Research Institute, Chiba, Japan and 5Harlan Laboratories Ltd., Shardlow,
United Kingdom.
OECD 442B describes the Local Lymph Node Assay (LLNA): BrdU_ELISA
method for evaluation of skin sensitisation potential of chemicals without the use
of radioisotopes. The method utilizes non-radiolabelled 5-bromo-2’-deoxyuridine

(BrdU) in conjunction with an enzyme-linked immunosorbent assay (ELISA), to
measure lymphocyte proliferation. The traditional LLNA uses 3H-methylthymidine or 125I-iododeoxyuridine uptake to measure lymphocyte proliferation. The
LLNA-BrdU has been found to be less sensitive compared to the traditional
LLNA(Takeyoshi et al., Toxicol. Lett. 119, 203-208(2001)). To obtain the optimum performance of the study, the appropriate experimental parameters should be
evaluated. Previously, our coworkers (L.G. Ullmann et al) investigated the responsiveness of six different mouse strains (CBA/CaOlaHsd, CBA/Ca(CruBR),
CBA/Jlbm(SPF), CBA/JNCrj, BALB/c and NMRI) to 25%-mercaptobenzothiazole in the standard LLNA(poster presentation in SOT annual meeting 2007,
“How do Animal Strains and Vehicle-Effects Impact LLNA Results”). The response
of the CBA/JNCrj mice was shown to be markedly lower than the other strains of
mice. Consequently, the strain of mouse is an important consideration when conducting experiments to compare different methods for measuring lymph cell proliferation in the LLNA. To quantitatively evaluate the impact of animal strains on
LLNA-BrdU results, we performed a series of investigations using CBA/Ca and
CBA/JN strains of animals. In the study, we administrated several test materials,
which were reported either positive or negative in the traditional LLNA.
Administrating the HCA (alpha-hexylcinnamaldeyde)(50% w/v; in acetone:olive
oil) to those mice strains exhibited similar response. On the other hand, those animal strains showed different responses for another test items. We found the selection of animal strain would impact the study results through the experiments.
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ROLE OF METABOLISM BY INTESTINAL
MICROFLORA ISOLATED FROM FAECES IN
GENIPOSIDE-INDUCED TOXICITY IN HEPG2 CELL.

T. Khanal1, H. Kim1, D. Truong1, T. Phuong1, H. Yeo2, T. Jeong3, D. Kim2
and H. Jeong1. 1Pharmacy, Chungnam National University, Daejeon, Republic of
Korea, 2Pharmacy, Kyung Hee University, Seoul, Republic of Korea and 3Pharmacy,
Yeungnam University, Gyeongsan, Republic of Korea.
Intestinal microflora is able to produce toxic or carcinogenic metabolites and induced more potent cytotoxicity against cells than non-metabolites. This study was
performed to investigate the cytotoxic responses of geniposide and its metabolite to
determine the metabolism of cytotoxic activities. Genipin, geniposide metabolite,
increases cytotoxic effect in cells, but not with geniposide. Incubation of geniposide
with intestinal microflora, its aglycone genipin could be produced by β-glucosidase,
and cytotoxicity was detected which was highly increased when compared to geniposide. Western blot analysis revealed that the phosphorylated c-Jun NH2-terminal
kinase (JNK), caspase-3 and bax protein significantly increased in a dose-dependent manner after treatment of activated geniposide. In our thinking, the activation
of JNK maybe result in the increase of the bax protein, which further induced cell
apoptotic death. However, geniposide alone did not induce cytotoxicity as well as
caspase-3. In addition, activated geniposide-induced apoptosis was confirmed by
apoptosis assays, and generated reactive oxygen species (ROS), and N-acetyl-L-cysteine (NAC) suppressed activation of ROS and apoptotic cell death. Taken together, these findings suggest that the human intestinal microflora is capable to metabolize geniposide to genipin and its related biological activities and induced
apoptosis. [This research was supported by a grant (09172KFDA996) from Korea
Food & Drug Administration in 2011.]
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A WEIGHT-OF-EVIDENCE APPROACH FOR THE
SAFETY EVALUATION OF KOMBUCHA EXTRACT IN
COSMETIC PRODUCTS.

R. Persaud, T. Re and V. Srinivasan. Safety Evaluation, L’Oréal R & I, Clark, NJ.
Kombucha Extract (KE) is derived from the fermentation of yeasts and bacteria
with black tea, sugar, etc. It is used in a variety of cosmetic products. As Kombucha
Tea, it is consumed as a beverage in many parts of the world and thought to exert a
number of therapeutic benefits in metabolic diseases, arthritis, psoriasis, constipation, indigestion, hypertension, etc., although there is no strong scientific evidence
to support such claims. It is considered beneficial to the skin, helping to maintain
moisture and elasticity so it appears more even in tone and texture. The KE components vary with the species of bacteria and yeasts, fermentation time, quantity of
substrates in culture and exposure conditions. Being a complex mixture, safety data
is not readily available, so we utilized a weight-of-evidence (WoE) approach to support its safe use in personal care products. This evaluation entails an initial in silico
screening, read-across review, in vitro skin irritation estimation, establishing allowable exposure values based on TTC, and a clinical study to confirm skin tolerance.
A literature review on KE indicated 10 principal constituents with small variations
in composition due to source of the extracts. The toxicity class was established by
the Cramer rules using ToxTree. DEREK (for structural alerts) and OECD Toolbox
(for “read-across”) evaluations were performed. Octanol-water partition coefficient
and water solubility (from EPISUITE) with the molecular weight were used to esti-

mate dermal penetration. An exposure calculation for each KE constituent was
done for a face cream at a use level of 3%. The exposure was then compared to allowable levels of systemic exposure for each constituent. Results from in silico analysis verified each KE constituent was at a safe use level. An in vitro EPISKIN assay
with the 3% KE face cream demonstrated it would not be a skin irritant. A clinical
study revealed the face cream was neither a skin irritant nor sensitizer. Therefore,
WoE approach is very useful in confirming the safety of a cosmetic ingredient in a
product prior to market launch.
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A WEIGHT-OF-EVIDENCE-BASED APPROACH FOR
THE SAFETY ASSESSMENT OF JUNIPERUS
COMMUNIS BERRY EXTRACTS IN PERSONAL CARE
PRODUCTS.

V. Srinivasan1, T. Re1, E. Antignac2 and R. Persaud1. 1Safety Evaluation, L’Oréal
R & I, Clark, NJ and 2L’Oréal R & I, Asnieres, France.
Natural, plant-derived ingredients are increasingly being used in personal care
products but the safety evaluation of these poorly characterized complex mixtures is
a challenge. We previously demonstrated the safe use of Juniper Berry Oil (JBO)
utilizing a combination of the Threshold of Toxicological Concern (TTC) with a
weight-of-evidence approach. JBO is typically steam distilled and has low molecular weight components with a significant potential for percutaneous absorption.
Juniper berries can also be extracted using organic solvents or CO2 yielding different concentrations and components. As with JBO, we classified extract constituents
according to congeneric groups using the JECFA approach. For each chemical constituent, its maximum known concentration in the oil, its molecular weight, and
the estimated skin penetration potential were used to estimate a maximal daily systemic exposure. These nominal exposure values were compared to the respective
TTC and/or the food intake values of “no safety concern.” In cases where systemic
exposure exceeded TTC levels, additional evaluations were done. For each congeneric group, constituents with adequate safety data were identified and extrapolated to other members of the congeneric group in a “read-across” approach. In the
extracts, a new component, 1,2-epoxy-1,5,8,8-tetramethyl-undeca-5,9-diene, exceeded its TTC value at the initially set use level. Potential structural alerts and a
metabolic profile for this component were generated using DerekNexus and Times
computer programs. These did not allow a presumption of safety; therefore, the use
concentration of this extract needs to be reduced to exposure values below its TTC
value. Using juniper berry extracts as an example, we are able to demonstrate the
practical utility of a weight-of-evidence approach using TTC, read across and other
in silico tools to evaluate and limit the safe use of complex plant-derived materials
in cosmetic and personal care products.

598

IN VITRO KINETICS OF CHLORPROMAZINE IN
CYTOTOXICITY ASSAYS WITH CACO-2, BALB/C 3T3
AND HEPARG CELLS.

J. Broeders, N. Timmer, J. Hermens and B. J. Blaauboer. Toxicology, Institute for
Risk Assessment Sciences, Utrecht University, Utrecht, Netherlands.
The toxicity of compounds can be tested in in vitro assays using different types of
cells. The cells are usually exposed to the test compound for 24-72 hours after
which the viability of the cells is determined. However, different cell types need different culture conditions, including the presence of serum in the medium. The aim
of this project, part of the European project Predict-IV, was to study the in vitro kinetics of the pharmaceutical chlorpromazine (CPZ) in three different cell assays.
Three cell types were used for the cytotoxicity assays: the human intestinal cell line
Caco-2 cells, mouse fibroblast Balb/c 3T3 cells and the human liver cell line
HepaRG cells. The cells were plated on 12-well plates. The Balb/c 3T3 cells were
cultured for 24 hours and the Caco-2 cells for 1 week. The HepaRG cells were cultured for 4 weeks, with 2%DMSO in the medium in the last 2 weeks. Next, the
cells were exposed to different concentrations of CPZ for 48 hours. Medium samples were taken at the beginning and at the end of the exposure. Viability of the
cells was measured by the Alamar Blue method. At the end of the exposure, CPZ
was extracted from the cells and well plastic. Nd-SPME was used to determine the
free concentration of CPZ in the medium. All samples were analyzed by HPLCUV.
The amount of CPZ in the medium decreased over time; the most pronounced decrease was seen in the metabolically competent HepaRG cells. Plastic binding of
CPZ is negligible in all three systems. At the end of the exposure, all CPZ was recovered from the Caco-2 and Balb/c 3T3 cells; in the HepaRG cells less parent
compound was recovered.
The Balb/c 3T3 cells appear to be the most sensitive to chlorpromazine based on
the nominal concentrations. Protein binding influences the cytotoxicity results;
therefore the free concentration is an important factor.
In conclusion, chlorpromazine has different in vitro kinetics in different cell systems. Thus, for a better interpretation of cytotoxicity results, it is important to take
these in vitro kinetics into account.
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INTRA- AND INTER-LABORATORY VALIDATION
STUDY ON REACTIVE OXYGEN SPECIES (ROS) ASSAY
FOR PHOTOSAFETY EVALUATION OF
PHARMACEUTICALS.

T. Yamamoto1, S. Onoue2, Y. Seto2, S. Wakuri3, Y. Iwase1, T. Toda4, H.
Takagi5, N. Osaki5, S. Kawakami6, Y. Matsumoto7, K. Hosoi8, K. Nakamura4
and H. Kojima9. 1Mitsubishi Tanabe Pharma Corporation, Saitama/Chiba, Japan,
2University of Shizuoka, Sizuoka, Japan, 3Hatano Research Institute, Food and Drug
Safety Center, Kanagawa, Japan, 4Shionogi & Co., Ltd., Osaka/Tokyo, Japan,
5Taisho Pharmaceutical Co., Ltd., Saitama, Japan, 6Asahi Kasei Pharma
Corporation, Shizuoka, Japan, 7Aska Pharmaceutical Co., Ltd., Kanagawa, Japan,
8Santen Pharmaceutical Co., Ltd., Nara, Japan and 9National Institute of Health
Sciences, Tokyo, Japan.
Drug-induced phototoxicity can be caused after the exposure of skin to photoreactive drugs, triggered by sunlight exposure to the body surface. The establishment of
effective methodology to predict the phototoxicity has been attempted over the past
few years. Recent studies demonstrated that generation of reactive oxygens was responsible for the induction of early phototoxic events. Reactive oxygen species
(ROS) assay to determine ROS generated from photoirradiated chemicals was proposed for recognizing their phototoxic potential. The present study was undertaken
to evaluate the intra- and inter-laboratory accuracy and precision of the ROS assay
using 44 coded chemicals, and the validation study was supervised by the Japanese
Center for the Validation of Alternative Methods (JaCVAM). Most phototoxic
chemicals tended to generate singlet oxygen and superoxide under light exposure,
but non-phototoxic chemicals did not. The intra- and inter-day precisions (coefficient of variation; CV) for the determination of ROS from irradiated quinine (200
μM), a typical phototoxic drug, were found to be 3.3 and 4.5%, respectively. The
inter-laboratory CV for quinine averaged 10.2% for singlet oxygen and 26.0% for
superoxide. Z’-factors for the determination of singlet oxygen and superoxide were
calculated to be 0.92 and 0.87, respectively, demonstrating a large separation band
between samples and blank signals. These data would be indicative of suitability of
ROS assay for phototoxicity prediction.

600

USE OF READ-ACROSS AND COMPUTER-BASED
PREDICTIVE ANALYSIS FOR THE SAFETY
ASSESSMENT OF PEG COCAMINES.

J. Skare1, T. Re2, L. Loretz3, K. Blackburn1, D. Duche4, S. Ringeissen4, V.
Srinivasan2 and S. Wu1. 1Procter & Gamble Company, Cincinnati, OH, 2L’Oréal
Research & Innovation, Clark, NJ, 3Personal Care Products Council, Washington,
DC and 4L’Oréal Research & Innovation, Aulnay-sous-Bois, France.
The anticipated mandate in the European Union will require use of animal alternative approaches for safety assessment of cosmetic ingredients. The safety of many
ingredients will need to be addressed utilizing tools such as read-across, predictive
toxicology and metabolism, and in vitro methods. The polyethylene glycol (PEG)
cocamines are used as surfactants in cosmetic and personal care products. They are
a series of tertiary amines in which two of the R groups are polyethylene glycol
groups with a minimum length of two units each and the third group is an alkyl
group derived from the fatty acids of coconut oil with the predominant chain
lengths in the C-12 to C-14 range. The data gaps for these materials include repeated dose toxicity and genotoxicity. These gaps can be addressed by read across
using the framework described by Wu et al. (2010) for identifying suitable structural analogs. This framework incorporates considerations of metabolism (predicted and literature precedent), use of in silico tools, and assessment of physicochemical properties to identify suitable analogs and to develop an overall weight of
evidence assessment. Read across from data for a structural analog supports the
conclusion that the PEG cocamines are nongenotoxic and are not expected to exhibit systemic toxicity. The lack of dermal sensitization data for the PEG cocamines
was addressed using predictive software (Times® or Derek®) as a first step. The
prediction for PEG cocamines is the same as that for PEGs. The sensitization of
PEGs was previously addressed in human tests and concluded not be a significant
concern for individuals with either normal or damaged skin (CIR, 2010). This evaluation for PEG cocamines demonstrates the utility of read-across and predictive
toxicology tools as an approach to support the safe use of cosmetic ingredients.

601

CYP3A INDUCTION IN CYNOMOLGUS MONKEY AND
HUMAN HEPATOCYTES.

U. Doshi, Y. LaForge, Q. Yang and A. P. Li. In Vitro ADMET Laboratories,
Advanced Pharmaceutical Sciences, Columbia, MD.
Nonhuman animals such as mouse, rat, rabbits and dogs are significantly different
from humans in response to P450 inducers. This species-difference has led to the
lack of a generally-accepted preclinical animal model for the evaluation of this spe-
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cific aspect of pharmacokinetic drug-drug interactions. We report here our evaluation of cynomolgus monkeys as a potentially relevant nonhuman animal species for
the evaluation of human drug-drug interactions, with emphasis on CYP3A induction. Hepatocytes were isolated from male and female cynomolgus monkeys and
cryopreserved. The cryopreserved hepatocytes were found to retain high viability
and “plateability” (ability to form near 100% confluent monolayer cultures). We
evaluated 8 model CYP3A inducers (rifampin, bosentan, carbamazepine, hyperforin, phenobarbital, phenytoin, pioglitazone, and rosiglitazone) in cynomolgus
monkey and human hepatocytes. Approximately 12,500 hepatocytes were plated
into 384-well collagen coated plates and overlaid with matrigel 4 hours after plating. The hepatocytes were cultured for two days, followed by treatment for three
days with six concentrations of each inducer. CYP3A activity was quantified based
on luciferin-IPA metabolism. Dose-dependent induction of CYP3A activity was
observed for both monkey and human hepatocytes. The fold-induction and the calculated EC50 values were similar between the two species of hepatocytes. The 384well plate results were further confirmed by gene expression findings (quantifying
CYP3A gene expression via RT-PCR) using hepatocytes cultured in 24-well plates.
Our results suggest that cynomolgus monkeys may represent an appropriate preclinical animal species for the evaluation of human CYP3A induction. A prudent
approach would be firstly compare human and monkey hepatocytes in response to
the inducer to be evaluated, and, if results are determined to be similar between the
two species, evaluate the inducer in monkeys in vivo before embarking upon
human clinical studies.

602

RESTORATION AND PROLONGED MAINTENANCE OF
CYP3A4 ACTIVITY IN CULTURED HUMAN
HEPATOCYTES.

A. P. Li, U. Doshi and Q. Yang. In Vitro ADMET Laboratories, Advanced
Pharmaceutical Sciences, Columbia, MD.
Human hepatocytes represent the “gold standard” for drug metabolism, drug-drug
interactions, and in vitro hepatotoxicity studies. One drawback of the use of human
hepatocytes in culture is that drug metabolizing enzyme activities such as CYP3A4
would decrease rapidly in culture (approximately 50% decrease per day) to 10% of
less of the initial activity after several days. This drawback limits the use of the hepatocytes, especially for prolonged metabolism (e.g., for slowly metabolizing compounds), or to mimic low-dose, chronic exposure to hepatotoxic compounds. We
report here the results of culturing human hepatocytes in a novel medium, Li’s
Differentiation Maintenance Medium (LDMM). Cryopreserved hepatocytes from
three donors were cultured in Cryopreserved Hepatocyte Plating Medium
(CHPM) or LDMM for 14 days. CYP3A4 activities were quantified using luciferin-IPA as substrate from days 1 (day of plating) to 14. While both media were
able to maintain viability of the hepatocyte cultures, CYP3A4 activity decreased as
expected in CHPM to nearly nondetectable level at day 14, while that in LDMM
decreased from day 1 to approximately 50% at day 4, then increased to near day 1
level from days 7 to 14. This phenomenon was observed in all of the three lots of
cryopreserved human hepatocytes. Treatment of hepatocytes cultured in LDMM
with CYP3A4 inducer led to activities higher than that on the day of plating,
thereby modeling in vivo situation. Evaluation of gene expression showed that
human hepatocytes cultured in LDMM expressed near normal level of differentiation markers, uptake and efflux transporters. The results suggest that LDMM represent an improved culture medium which would extend the application of human
hepatocytes in drug metabolism, drug-drug interactions, and hepatotoxicity studies.

603

VALIDATION OF THE DATACHIP/METACHIP FOR
METABOLISM-INDUCED TOXICITY.

M. Lee1, S. Brooks1, D. Lee2, S. Jeon2, B. Ku2 and Y. Will3. 1Solidus Biosciences,
Inc., San Francisco, CA, 2Central R & D Institute, Samsung Electro-Mechanics Co,
Suwon, Republic of Korea and 3Compound Safety Prediction-WWMC, Pfizer Inc.,
Groton, CT.
The human liver contains a variety of metabolic enzymes, and understanding the
role of these enzymes in drug metabolism is an important area of research that impacts human toxicology testing, and ultimately drug safety. Approximately 40% of
drug candidates fail due to liver toxicity, which is often identified not until late
stage in the drug development process. Efforts have been made to position predictive in vitro screens earlier in the drug discovery process. To address this need,
Solidus Biosciences has developed the DataChip/MetaChip platform that couples a
3-D cell culture microarray with a complementary microarray consisting of recombinant enzymes to identify metabolism-induced toxicity in a high-throughput
manner. The DataChip platform has contained 532 elevated micropillars, each supporting 60-nL alginate 3-D matrices consisting of Hep3B cells, that become submersed in microwells of the complementary MetaChip. Various mixtures of recom-

binant metabolic enzymes that are designed to mimic the metabolic reactions in the
human liver were encapsulated within 120 nL spots of Matrigel in the microwells to
enable the in situ generation of metabolites. To validate the DataChip/MetaChip
platform for metabolism-induced toxicity, 10 literature compounds which carry
warnings for hepatotoxicity or have been withdrawn from the market due to idiosyncratic hepatotoxicity were tested. The toxicity of 7 compounds out of 10 was
correctly identified using this approach. In addition, 22 proprietary Pfizer compounds were tested for validation as well. Of the 22 Pfizer compounds, 10 showed
detoxification on metabolic enzyme spots, whereas 3 showed activation of the toxic
response. Troglitazone was included as a control compound on every chip for standardization. The DataChip/MetaChip platform shows minimal day-to-day and
chip-to-chip variability, and high-throughput capability and predictability to identify metabolism-induced toxicity at early stages in compound safety assessment.

human and mouse heat shock protein beta-1 and 5) was upregulated in adult nematodes at low and medium concentrations of paraquat, chlorpyrifos and cadmium; transcription at the highest concentrations was confounded by overt toxicity. These results illustrate that a model of toxicity based on gene regulation in C.
elegans is a viable method for detecting subtoxic responses in a high-throughput
assay.

606

UTILITY OF IN VITRO BIOASSAY AND CLINICAL
DATA FOR MODELING DRUG-DRUG/CHEMICAL
INTERACTIONS (DDCIS) MEDIATED BY
CYTOCHROME P450 3A4.

Y. Tie and E. Demchuk. ATSDR/CDC, Atlanta, GA. Sponsor: B. Fowler.
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TEAMCHIP FOR HIGH-THROUGHPUT GENE
TRANSFECTION AND METABOLISM-INDUCED
TOXICITY SCREENING.

M. Lee4, S. Kwon1, D. Lee2, D. Shah1, B. Ku2, D. S. Clark3 and J. S. Dordick1.
1Chemical and Biological Engineering, Rensselaer Polytechnic Institute, Troy, NY,
2Central R & D Institute, Samsung Electro-Mechanics Co., Suwon, Republic of Korea,
3Chemical and Biomolecular Engineering, University of California Berkeley, Berkeley,
CA and 4Solidus Biosciences Inc., San Francisco, CA.
Variation in metabolic enzyme expression among segments of the human population may cause deviations from the expected pharmacokinetic profile of a drug, resulting in idiosyncratic toxicity or a lack of efficacy. Cell lines that stably express individual or combinations of metabolic enzymes are emerging tools for prediction of
these rare clinical events; however, it is difficult to create and maintain a library of
stable cell lines that mimics the diversity of metabolic profiles that give rise to unexpected outcomes. In addition, it is difficult to control the expression levels of
each of the enzymes in stably-transfected cell lines. To address this need, we have
developed a “Transfected Enzyme and Metabolism Chip” (or TeamChip) for highthroughput analysis of systematic drug metabolism and toxicology. The TeamChip
is prepared by simultaneously infecting an array of miniaturized 3-D cell cultures
with varying concentrations of recombinant adenoviruses carrying genes for different metabolic enzymes, which generates an array of cell cultures with differentiated
metabolizing capabilities. We have demonstrated the controlled expression of individual and multiple reporter proteins (GFP and RFP) and drug-metabolizing enzymes (CYP3A4, CYP2C9, and UGT1A4) in three human liver cell lines (Hep3B,
HepG2, and THLE-2 cells) on a microarray platform by altering the multiplicity of
infection of the various recombinant adenoviruses. As a proof of concept, 10 model
compounds that were shown to be hepatotoxic, in some cases idiosyncratically and
withdrawn from the market, were tested to simulate enzyme-specific hepatotoxicity. These studies demonstrate that the TeamChip platform can provide critical information necessary for evaluating metabolism-induced toxicity in a high-throughput manner.

605

SELECTING GENES FOR USE IN A HIGHTHROUGHPUT MECHANISM-BASED TOXICITY
SCREEN USING C. ELEGANS.

R. B. Goldsmith1, J. R. Pirone2, W. A. Boyd1, M. V. Smith2 and J. H.
Freedman1. 1DNTP, NIEHS, Research Triangle Park, NC and 2SRA International,
Durham, NC.
The high level of homology between the stress response pathways and genes in
mammals and nematodes can be leveraged to create a high-throughput toxicological screen in C. elegans to predict responses in higher organisms. Transcriptional response was measured in several strains of transgenic C. elegans containing fluorescent protein driven by the promoters of stress-inducible C. elegans genes. This
system captured both changes in pathway activation, as well as tissue-specificity of
gene expression. Genes of interest encompassed a broad variety of identified mechanisms of toxicity including: heat shock proteins, metallothioneins, UDP-glucuronosyl transferases, P450s, and glutathione-S-transferases. To select genes with a
sensitive and specific stress response, we compared transcription of stress response
genes using an array of well understood compounds: paraquat, ethyl methanesulfonate, cadmium, chlorpyrifos and tunicamycin. These chemicals were used to create a toxicant response profile, representing oxidative stress, DNA damage, metal
toxicity, neurotoxicity and ER stress pathways, respectively. Nematodes were
treated with low, medium and high concentrations (covering 1-2 orders of magnitude) of each toxicant. Florescence intensity was measured from images of transgenic nematodes taken with a high content imager and analyzed using CellProfiler’s
WormToolbox. This software is a high-throughput imaging analysis program
specifically designed for use with nematodes. Preliminary data confirmed the functionality of fluorescent transgenic nematodes via heat shock. hsp-16.2 (similar to

Cytochrome P450 3A4 is responsible for metabolism of many xenobiotics. Co-administration of drugs and environmental chemicals may cause changes in 3A4 metabolism that can lead to different health outcomes. Such DDCIs are difficult to
evaluate during the pre-clinical stage of drug development. In the present work the
feasibility of using in vitro 3A4 inhibition data from high-throughput screening
(HTS) assays to estimate the in vivo DDCIs was explored. The in vitro HTS data
were obtained from the PubChem database, in which 13,072 compounds previously have been categorized as active, inactive, or inconclusive based on the inhibition constant, IC50. Alternatively, 702 drugs categorized in the literature based on
the drugs’ clinical effects were used: 241 of them inhibited 3A4 and 461 did not.
Of the 702 drugs only 260 were in common with the HTS database. The overlapping drugs have been categorized in PubChem as 49 active, 142 inactive and 69 inconclusive. Using the clinical data as a reference and HTS data as a predictor, we
evaluated the utility of HTS as a classifier of clinical DDCIs and obtained a 43.5%
sensitivity, 84.4% specificity, and 69.6% overall accuracy. Next, the potency of 241
drugs that inhibit 3A4 in vivo was examined. Based on clinical categorization given
by the Merck Manual, 33 were attributed to potent and 88 to weak inhibitors of
3A4. 46 of the 121 compounds were in common with the HTS dataset, of which
only 17 were labeled in PubChem as active. Their IC50 values were then extrapolated to in vivo pharmacokinetic area-under-curve ratios, and subsequently subjected to categorization according to their inhibition potencies following the FDA
guide. Unfortunately, 10 of the 17 inhibitors could not be categorized because of
insufficient statistical power of the data, although among 7 drugs that were successfully categorized, no miscategorization was observed. If the HTS study design is
improved, in vitro data may become useful for classification of clinical DDCIs mediated by 3A4. However at present, HTS data are not yet fully representative of the
in vivo potency of inhibition.

607

USE OF PHYSIOLOGICALLY-BASED
PHARMACOKINETIC MODELING (PBPK) IN
CONJUNCTION WITH CELLCIPHR™ TO PREDICT
COMPOUND SAFETY THRESHOLDS AND IMPROVE
LEAD OPTIMIZATION.

C. J. Strock2, 3, S. Qin2, 3, H. Luithardt2, 3, J. Gilbert2, 3, K. Tsaioun2, 3, P.
Metcalfe2, 3, S. Thomas2, 3, M. Aleo4 and Y. Will1. 1Compound Safety Prediction,
Pfizer Global Research & Development, Groton, CT, 2Apredica, Watertown, MA,
3Cyprotex, Macclesfield, United Kingdom and 4Drug Safety and Development, Pfizer,
Groton, CT.
The CellCiphr™, an in vitro High Content Screening (HCS) Toxicity platform
has been used by us to delineate mechanisms of toxicity as well as to predict the
maximum plasma concentration of a drug (Cmax ) at which a compound is classified as presenting toxic side effects through retrospective analysis of compounds
with in vivo exposure and toxicity data. However, at early stages of drug discovery,
before safety information is generated in vivo in animals and humans, the practical
use of this information in prioritizing compounds is limited by the absence of in
vivo exposure data. Here we explored if in the absence of in vivo data, one can apply
CellCiphr™ in conjunction with Cloe PK, an in silico Physiology Based
Pharmacokinetic (PBPK) modeling program that predicts Cmax from oral dosing,
to predict dosing regimens for both rodent and human testing. We demonstrate
that Cloe PK, can be mathematically inverted in order to predict an oral dosing regimen from a given Cmax safety threshold. This methodology, based on HCS inputs
from the CellCiphrTM assay and on exposure simulations from the PBPK application Cloe PK, will be presented as an integrated workflow for a completely in vitrobased predictive toxicology platform.
We show how technical issues, (e.g., varying metabolism of different compounds
and varying dosing protocols), affect the outcome of the simulations, and how
these considerations can provide guidance to proper preclinical in vivo experimental design. We demonstrate the effectiveness of this predictive model for members
of the piperazine family of antidepressants; trazodone, nefazodone, and buspirone
as well as members of the endothelin receptor antagonists family of pulmonary hypertension drugs; sitaxentan, bosentan, and ambrisentan.
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608

DEVELOPMENT OF ORGANOTYPIC IN VITRO
HUMAN MODELS WITH ENGINEERED GENE
KNOCKDOWN OR TOXICOLOGIC REPORTER
FUNCTIONS.

P. J. Hayden1, G. R. Jackson1, P. Lei2, J. Bolmarcich1, J. Oldach1, A. Armento1,
S. Andreadis2 and M. Klausner1. 1MatTek Corp., Ashland, MA and 2State
University of New York, Buffalo, NY.
In vitro human 3D epithelial models including skin (e.g., EpiDerm, EpiDerm-FT)
and airway (e.g. EpiAirway, EpiAirway-FT) are important advances over traditional
monolayer cell cultures. These models provide more realistic, in vivo-like structure,
barrier properties, metabolic functions and dosing capabilities compared to monolayer cultures. Here we describe development of organotypic 3D epithelial models
with added features of engineered gene knockdown or toxicologic reporter functions. To create NFkB and Nrf2 reporter models, early passage normal human epidermal keratinocytes, dermal fibroblasts, tracheobronchial epithelial cells and pulmonary fibroblasts were transduced with lentiviral vectors containing the respective
transcription factor (TF) response elements linked to either GFP or luciferase. To
create gene knockdown models of NFkB, IL-1α, MMP-1 and MMP-7, lentiviral
vectors containing tetracycline (Tet) inducible shRNA and RFP were utilized.
Stably transduced cells were selected by puromycin resistance, expanded several passages and cyropreserved to produce large pools of cells for organotypic skin and airway model production. Organotypic structure and barrier properties of models
produced from the transduced cells were similar to models produced from untransduced cells, as determined by histological assessment and barrier function measurements. NFkB and Nrf2 reporter models readily responded to positive control treatments, TNFα and t-butylhydroquinone, respectively. GFP was detected in fixed
paraffin sections by fluorescence microscopy. Luciferase activity in tissue extracts
was quantified by microplate luminometer. In gene knockdown models, exposure
of models to Tet induced robust RFP expression and >70% knockdown of IL-1α
gene and protein expression. These gene knockdown and TF reporter models, together with additional models that may be produced by the methods demonstrated
in the current work, will provide important new tools for conducting mechanistic
toxicological studies.

609

INCORPORATING THE THREE R’S INTO CONSUMER
AND HEALTH PRODUCTS SAFETY TESTING.

A. M. Laura, R. A. Lewis, D. M. Miller, B. A. Samson, M. L. Pietila and J. R.
Haskins. LSR—Cellomics, Thermo Fisher Scientific, Pittsburgh, PA.
Assessing the potential toxicity of pesticides, metals, and environmental compounds using current animal-based methods are expensive, difficult to standardize
and cannot scale to the throughput required for screening hundreds of thousands of
potential active chemicals required by new regulations. Compliance costs are escalating, with estimates in the millions of animals and billions of dollars.
Incorporating the “Three R’s” for alternative animal testing (Replacement,
Reduction, Refinement) provides ethical principles to help minimize animal use for
research. Thus, the need for increasing throughput but reducing in vivo models necessitates the use of in vitro technologies and automation for preliminary safety assessment.
We tested a subset of natural, industrial and pharmaceutical compounds and environmental contaminants (including but not limited to dicofol, estradiol, lead, and
acetaminophen) with three separate biological assays. By employing the same battery and concentration of compounds for each assay using quantitative fluorescent
imaging, general toxicity was assessed by monitoring specific biological features.
Endocrine activity was evaluated with estrogen and androgen receptor cell lines.
Neuroscreen-1 cells treated with these compounds were used to assess developmental neurotoxicity (i.e., morphology, loss of neurites and/branching). Genotoxicity
(via micronucleus frequency) was compared with the same compounds in CHOK1 cells. Time to complete all three assays took less than two weeks from setup to
overall evaluation of each compound, compared to months using animal models. A
variety of biological profiles were observed with the tested compounds, showing
how general toxicants can act by various mechanisms of action, while others are
more localized and only warrant specific outcomes.

610

IDENTIFICATION OF A CELL AMOUNT INDICATOR
TO NORMALIZE IN VITRO METABOLOMICS DATA.

T. Walk1, T. Ramirez2, D. Ahlbory-Dieker1, E. Fux1, R. Looser1, H. Kamp2
and B. van Ravenzwaay2. 1metanomics GmbH, Berlin, Germany and 2BASF SE,
Ludwigshafen, Germany. Sponsor: R. Landsiedel.
In vitro screening systems are particularly well suited to preclinical toxicology testing at an early stage of drug development as they have the advantage of being fast
and requiring only a small amount of test substance. The demands for in vitro
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screening assays for systemic toxicity are multiple and include the need of organ
specific cell systems, the use of optimal cell numbers, cell passages and incubation
times. Even minimal changes in the conditions of the test system may lead to significant changes of the biological system. Therefore a reliable normalization compensating biological variability is crucial prior to any interpretation of results generated from a biological system. BASF SE has developed an in vitro metabolite
profiling assay and a subsequently tuned normalization strategy allowing the prediction of specific organ toxicity. The in vitro assay consist of exposing cells lines to
test substances and to determine the metabolite profile using chromatography coupled to mass spectrometry systems. Herein we compare five different normalization
strategies referring to their suitability in the application to in vitro metabolite profiling data. The strategies comprise statistical approaches, approaches referring to
reference values from each individual sample or samples generated in dependent
batches. Best results were achieved by an individual strategy using a new reference
value correlating well over a large range of cell counts previously used for generating
corresponding cell extracts. Statistical analysis revealed the normalization based on
the new reference value greatly improved the quality of the results compared to
non-normalized samples as well as to all remaining strategies. Generation and application of this new reference value and the corresponding normalization strategy
will be presented the first time. Validation will be featured on the basis of extracts of
the human hepatocellular carcinoma cell line Hep G2.
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HARNESSING CHEMILUMINESCENCE TO DELIVER
MECHANISTICALLY-INFORMATIVE IN VITRO ASSAYS
FOR TOXICOLOGICAL SCREENING.

C. A. Morris1, G. El-Hiti1, S. Woodhead2, K. Smith1, I. Weeks1 and P. Kille1.
1Cardiff University, Cardiff, United Kingdom and 2Invitron, Monmouth, United
Kingdom. Sponsor: T. Gant.
We have developed a generic technology to support animal-free molecular toxicology assays and applied it to two areas of interest, steroidogenesis and genotoxicity.
This technology utilises a detection system based on acridinium ester (AE) chemiluminescence which allows sensitive and reproducible quantitation of gene expression without the use of a reporter system or the need to amplify mRNA targets. The
light output is directly attributable to the number of transcripts present. This
method has in the past been used successfully to measure genetic indicators for endpoints of the Rat Uterine assay and also for endpoints specific for endocrine disruption in several fish species. The use of molecular end-points to identify and classify
compounds provides significant potential for high-throughput in vitro screening. A
limited suite of molecular endpoints, when measured in concert, will allow prediction of the mode of action and provide mechanistic information of the test compound by identifying the pathways affected. We developed and optimised seven assays to established indicators. These include endpoints for measuring genotoxic
activity (tumour suppressor p53, RAD51C, cystatin A) and effects on steroidogenesis enzymes (CYP21A2, CYP19A1, HSD2). An assay for beta-actin transcript has
been developed and optimised to be used in conjunction with the other assays to
allow standardisation. Inter- and intra-assay variation is generally low with an average coefficient of variance of less than 15%. Target concentrations as low as 0.5 - 1
fmol can be measured and discrimination between targets with a single base pair
difference can be made. To assess genotoxic or endocrine disruption, the effect of
chemicals on HEPG2 or H295R cell lines respectively will be determined by using
the probes to measure specifically these RNA transcripts. Employing genetic endpoints in this way will provide a basis for a rapid screening technology allowing accurate assessment of the action of new drugs/chemicals.
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A SYSTEMATIC APPROACH FOR STUDYING THE
MITOCHONDRIAL TOXICITY OF ENVIRONMENTAL
CHEMICALS.

M. S. Attene-Ramos1, R. Huang1, S. Sakamuru1, K. Witt2, G. Beeson3, L.
Shou1, C. Beeson3, R. Tice2, C. Austin1 and M. Xia1. 1NCGC, NIH/NHGRI,
Rockville, MD, 2Division National Toxicology Program, NIEHS, Research Triangle
Park, NC and 3Department of Pharmaceutical & Biomedical Sciences, Medical
University of South Carolina, Charleston, SC.
A goal of the Tox21 program is to transit toxicity testing from traditional in vivo
models to novel in vitro assays that assess how chemicals affect cellular responses
and toxicity pathways. A critical NCGC contribution to Tox21 is implementation
of a quantitative high throughput screening (qHTS) effort, using cell-based and
biochemical assays, to generate toxicological profiles for thousands of compounds.
In the present study, changes in mitochondrial membrane potential produced by
different chemicals were evaluated in HepG2 cells using a cationic fluorescence dye,
an assay optimized for qHTS. Of the 1343 unique compounds in the NTP library

screened over 14 concentrations (0.59 nM—92 μM), 221 (16.5%) and 189 (14%)
compounds disrupted the mitochondrial potential in HepG2 cells after treatment
for one and five hours, respectively. Eighty-five compounds positive at both time
points were clustered by structural similarity, resulting in 17 clusters and 26 singletons. Thirty-nine compounds covering most of the chemical space represented by
the 85 compounds were more extensively evaluated. All 39 compounds were confirmed to disrupt mitochondrial membrane potential using a fluorescence plate
reader and a high content imaging approach. Among these 39 compounds, 4 and 8
induced some cytotoxicity (LDH release) at 1 and 5 hrs, respectively, and 12 induced caspase 9 activity at 5 hrs of treatment. To further understand the mechanisms of toxicity for these compounds, we measured changes in oxygen consumption rates (OCR) during treatment. Fourteen compounds, including
trichlorophenol and captan, two known uncouplers, increased OCR and four compounds decreased OCR. This approach allows us to evaluate thousands of environmental chemicals for their potential mitochondrial toxicity and define mechanisms
of toxicity. Supported by NIEHS Interagency Agreement Y2-ES-7020-01.
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THE TOX21 NOVEL ROBOTIC PLATFORM FOR
QUANTITATIVE HIGH-THROUGHPUT
TOXICOLOGICAL SCREENING.

N. R. Miller1, M. S. Attene-Ramos1, S. Michael1, R. Huang1, A. Simeonov1, R.
R. Tice2, C. P. Austin1 and M. Xia1. 1NCGC, NIH, Rockville, MD and 2NTP,
NIEHS, Research Triangle Park, NC.
The Tox21 collaboration, a US multiagency effort by the National Toxicology
Program, NIH Chemical Genomics Center, Environmental Protection Agency, and
Food and Drug Administration, was formed to advance toxicity testing by shifting
from traditional in vivo tests to in vitro methods. A major goal of Tox21 is to test
chemicals using in vitro assays to establish a compound signature that can be used
to prioritize for in-depth toxicity testing and lead to predictive models for in vivo
toxicity. The NCGC contributes by developing and conducting quantitative high
throughput screens (qHTS) using cell- and biochemical based assays to construct
comprehensive concentration–response curves for thousands of compounds. The
novel implementation of qHTS for toxicity assays requires maximal efficiency and
the ability to miniaturize screening formats and protocols. For this end, the NCGC
implemented an integrated robotic system with a series of workstations and a central robotic arm managed by software, giving the robot flexibility to accommodate
multiple protocols. To validate this new platform, we evaluated reproducibility and
precision, compared with corresponding manual methods, for a luminescence
(ATP content), fluorescence (mitochondrial membrane potential), and dual luminescence (ATP content)/ fluorescence (protease activity) cell-based assays screening
a collection of 1368 compounds in triplicate. There was good statistical reproducibility between robot online and manual offline screens. This robotic system
will be used in Tox21 Phase II to screen a 10K compound library for activity in a
range of cell- and biochemical-based qHTS assays. Supported by NIEHS
Interagency Agreement Y3-ES-7020-01.

decrease that activity of delta 9 desaturases in C. elegans. This is consistent with evidence that cadmium decreases activity of delta 9 desaturase in rat liver and decreases transcription of delta 9 desaturase in hepatocytes. Because cadmium is a
neurotoxicant and affects both feeding and development in C. elegans, it is possible
that the effects observed here may be due to changes in feeding and development.
Therefore, we also defined the fatty acid metabolic profiles of nematodes in response to food availability and throughout development. Our results indicate that
fatty acid metabolism may be affected by life stage and food availability, however,
cadmium exposure affects fatty acid composition in C. elegans independent of developmental stage or food availability.
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R. E. Burrier1, J. A. Palmer1, A. M. Smith1, P. R. West1, K. R. Conard1, E. R.
Donley1 and G. G. Cezar1, 2. 1Stemina Biomarker Discovery, Inc., Madison, WI and
2Animal Science, University of Wisconsin-Madison, Madison, WI. Sponsor: T.
Knudsen.
Cardiotoxicity is one of the most prevalent adverse effects of drugs that afflicts patients and, in the pharmaceutical industry, is a leading cause of drug candidate attrition and the withdrawal of FDA-approved drugs from the market. We have developed an in vitro assay that predicts a drug’s propensity to induce cardiotoxicity.
To accomplish this goal, several types of cardiac cells, including primary cardiomyocytes, human embryonic stem cell-derived cardiac precursors, and human induced
pluripotent stem (hiPS) cell-derived cardiomyocytes, were evaluated. As a result,
the hiPS cell-derived cardiomyocytes were selected for further study based on their
purity, availability, reproducibility, and ability to function similarly to their in vivo
counterparts. Preliminary studies with these cardiomyocytes indicated that a cell
density of 50K cells per well in a 96 well plate provides an optimal level of secreted
features to be evaluated using mass spectrometry. hiPS cell-derived cardiomyocytes
were then exposed to a training set consisting of compounds from different chemical classes that are of known inducers (15 compounds) and noninducers (10 compounds) for cardiotoxicity. Doses for the compounds used for metabolomic analysis were based on known human cardiac exposures and the effects on cell viability
measured in culture. The cardiomyocytes were exposed to compounds for 72 hours
and the spent culture media was analyzed following treatment using LC-ESIQTOF mass spectrometry. Univariate and multivariate statistical analysis was used
identify a metabolic signature of features that altered in response to cardiotoxicants.
These features were then used to test the potential of predictive models capable of
classifying cardiotoxic compounds from noncardiotoxins. Our current activities are
aimed to understand the small molecules that gave rise to the observed LC/MS features and map them with in metabolic pathways.
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CHARACTERIZING CHANGES IN POLYUNSATURATED
FATTY ACID PROFILES IN C. ELEGANS IN RESPONSE
TO DEVELOPMENTAL STAGE, FOOD, AND CADMIUM
EXPOSURE.

K. L. Haas, B. E. Tvermoes and J. H. Freedman. LTP, NIEHS, Research Triangle
Park, NC.
Understanding the mechanisms by which exposure to the environmental toxicant,
cadmium, causes multiple disease phenotypes is relevant to human health. Metals
are known to affect insulin and retinoic acid signaling, and cadmium has been implicated as a affecter of transcription of fatty acid synthesis enzymes. Deregulation
of proper intake and metabolism of fatty acids is associated with human diseases
such as hypertension, diabetes, inflammatory disorders, and cancer. Defecation cycles in the nematode C. elegans are caused by rhythmic muscle contractions and
have been used as a model for human cardiac cycles. We have shown that defecation
cycles in cadmium-exposed nematodes phenotypically copy nematodes with disrupted fatty acid synthesis. Based on this evidence, we suspected that cadmium exposure may disrupt fatty acid synthesis in C. elegans and may also contribute to cadmium-induced disease. To understand how cadmium affects fatty acid metabolism,
we have used gas phase chromatography tandem mass spectrometry (GCMS) to
characterize changes in fatty acid metabolites in nematodes exposed to cadmium.
Initial results show that cadmium-exposed nematodes accumulate the saturated
fatty acids palmitic acid (16:0) and steric acid (18:0), indicating that cadmium may

IDENTIFICATION OF BIOMARKERS OF
CARDIOTOXICITY USING METABOLOMICS OF
HUMAN PLURIPOTENT STEM CELL-DERIVED
CARDIOMYOCYTES.

IN VITRO PHOTOTOXICITY SCREENING ASSAY FOR
SYSTEMICALLY ADMINISTERED PHARMACEUTICALS
USING A NORMAL HUMAN 3-DIMENSIONAL (NHU3D) RECONSTRUCTED SKIN MODEL.

Y. Kaluzhny1, L. d’Argembeau-Thornton1, M. Kinuthia1, H. Kandarova2 and
M. Klausner1. 1MatTek Corporation, Ashland, MA and 2MatTek In Vitro Life
Science Laboratories, Bratislava, Slovakia.
Both topically applied and systemically administered medications have the potential to induce photosensitivity. According to current regulatory guidelines, photosafety testing is required for a substantial number of drug development submissions
(e.g., due to light absorption in the range of 290–700 nm or because the new compound partitions into the skin or eyes). However, there has been growing concern
regarding the performance of the only approved, non-animal in vitro phototoxicity
assay, 3T3 Neutral Red Uptake Phototoxicity Test (3T3 NRU-PT), as being overlysensitive in predicting the in vivo photosafety hazard to humans. EpiDerm™, a
highly differentiated NHu-3D skin model, is highly reproducible, contains an in
vivo-like barrier, possesses in vivo-like biotransformation capabilities and has been
pre-validated for determining phototoxicity of topically applied materials. Here, we
utilized EpiDerm to develop an in vitro assay for screening phototoxic potential of
pharmaceuticals after systemic administration (EPI-sPHO). Test materials are
added into the culture medium, allowed to partition into the epidermal skin model,
and then exposed to solar radiation. Phototoxic effects are determined by the comparing the tissue viability of UV irradiated vs. non-irradiated tissues models, as determined using the MTT assay. A prediction model was established: a material is
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phototoxic after systemic administration if one or more test concentrations in the
presence of irradiation (+UVR) decreases tissue viability by ≥30% when compared
to identical concentrations in the absence of irradiation (-UVR); a material is nonphototoxic if the decrease in tissue viability is <30%. This prediction model resulted in high sensitivity (92.9%) and specificity (95%) for 34 test materials (20
phototoxic/14 non-phototoxic). The current protocol extends phototoxicity testing
using EpiDerm for risk assessment to systemically administered chemicals and
medications.

ing. The 100°C burn wound recovered almost completely by day 6. However the
150°C burn wound was not completely healed even after 8 days. Conclusion:
These results demonstrate that the EFT cultures can be used as an in vitro model
for investigating the cutaneous wound healing process following burn wounding.
These protocols and in vitro skin models may prove useful for development of cutaneous wound healing therapeutics.
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INCREASED OXYGEN CONSUMPTION ASSOCIATED
WITH ALTERATIONS IN CARDIAC FUNCTION IN
ADULT ZEBRAFISH AFTER ACUTE AQUEOUS
EXPOSURE TO BETA-NAPHTHOFLAVONE.

L. P. Weber1, 2 and C. Gerger2. 1Veterinary Biomedical Sciences, University of
Saskatchewan, Saskatoon, SK, Canada and 2Toxicology Program, University of
Saskatchewan, Saskatoon, SK, Canada.
Polycyclic aromatic hydrocarbons (PAHs) cause developmental cardiac deformities
in fish as well as functional cardiac abnormalities. In contrast, acute adult fish exposure to PAHs is generally thought to have little effect. However, increasing numbers of studies in adult mammals report acute PAH exposure causes altered cardiac
function. In order to determine if similar acute PAH effects could be detected in
adult zebrafish, the model PAH-like compound, beta-naphthoflavone (BNF), was
used. Adult zebrafish were aqueously exposed to increasing concentrations of BNF
(0, 0.1, 10 and 1000 ug/L) for 48 hr, then subjected to swimming tests with concurrent oxygen consumption measurement (n=10 fish/treatment) or echocardiography performed to determine cardiac function (n=5 fish/treatment). While swim
endurance was not altered by BNF exposure, oxygen consumption (MO2) was significantly higher (p<0.0001 for BNF factor in 2-way ANOVA) compared to control, but swimming at higher water velocities magnified this increase. MO2 at zero
water velocity was highly positively correlated with ventricular volume at diastole
(r=0.957), and ejection fraction (r=0.859), but negatively correlated with acceleration of blood through the ventricle (r=-0.988) in resting fish. These parameters
clustered together in the first component in principle components analysis, while
heart rate and cardiac output clustered in component 2. Unexpectedly, heart rate
was the only cardiac end-point that did not correlate well with MO2 (r=0.027). In
conclusion, acute exposure to the PAH-like compound, BNF, increased oxygen
consumption. This in turn appeared to drive an increase in cardiac output via increased ventricular filling during diastole, not increased heart rate. More toxic and
environmentally relevant PAHs are therefore predicted to pose a greater cardiorespiratory stress and need to be examined in future studies.

T. Haarmann-Stemmann1, K. Frauenstein1, T. Douki2, J. Tigges1, M. Majora1,
C. Esser1, J. Abel1, E. Fritsche1 and J. Krutmann1. 1Leibniz Research Institute for
Environmental Medicine, Duesseldorf, Germany and 2Laboratoire Lésions des Acides
Nucléiques, Service de Chimie Inorganique et Biologique, CEA/DSM/INAC,
Grenoble, France.
Ultraviolet B (UVB) radiation is a major environmental hazard that causes DNA
damage which may initiate the development of skin cancer. Efficient removal of
UVB-induced cyclobutane pyrimidine dimers (CPD) critically depends on NER.
Although some cytokines were shown to enhance NER activity, its complex regulation is still poorly understood. We now report that keratinocytes are also equipped
with a negative regulator of NER: the AhR, a cytosolic transcription factor that is
rapidly activated upon ligand-binding to stimulate gene expression. We have previously shown that FICZ, an intracellularly formed tryptophan photoproduct, is a
strong AhR ligand, which triggers the activation of the EGFR and downstream
MAPK signaling upon UVB exposure resulting in a pro-inflammatory response.
Now, we have investigated if AhR activation also influences the DNA damage-dependent UVB-response. By using southwestern dotblot analyses, we have found
that chemical AhR inhibition in human keratinocytes leads to a faster repair of
UVB-induced CPDs. Accordingly, AhR-/- keratinocytes exhibited significantly
lower amounts of CPDs after UVB-irradiation as the control cells. In order to assess
the in vivo relevance, we irradiated AhR+/+ and AhR-/- SKH-1 mice with 180J/m2
UVB. The CPD amount in skin samples was measured by HPLC-MS/MS immediately, 24h and 48h after UVB-exposure. Strikingly, 48h after irradiation, the skin
of AhR-/- mice contained only 50% of the CPDs measured in skin samples from
AhR+/+ mice. Mechanistic studies indicate that the AhR represses NER activity in
two ways: i) via modulation of cell-cycle by altering the expression and phosphorylation of checkpoint kinase-1, and ii) via activation of the EGFR/MAPK pathway.
In conclusion, the AhR is a negative regulator of NER that may serve as a novel target for chemoprevention against UVB-induced skin damage.
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DEVELOPMENT OF PROTOCOLS FOR
INVESTIGATING THE BURN WOUND HEALING
PROCESS IN EPIDERM FULL THICKNESS (EFT-400) IN
VITRO SKIN CULTURES.

IDENTIFICATION OF THE ARYL HYDROCARBON
RECEPTOR (AHR) AS A NEGATIVE REGULATOR OF
NUCLEOTIDE EXCISION REPAIR (NER).

INVESTIGATION OF THE ASSOCIATION OF BODY
MASS INDEX AND POLYMORPHISMS OF GENES
RESPONSIBLE FOR ESTROGEN DISPOSITION WITH
THE BACKGROUND LEVELS OF ABASIC SITES IN
WHITE BLOOD CELLS DERIVED FROM BREAST
CANCER PATIENTS.

M. S. Sachdeva1, P. P. Shah1, A. Armento2 and P. Hayden2. 1College of Pharmacy
& Pharmaceutical Sciences, Florida A&M University, Tallahassee, FL and 2MatTek
Corporation, Ashland, MA.

P. Lin, C. Guan-Jie, R. Chang-Sin, G. Mao-Huei, L. Che and L. Chin-Chen.
Environmental Engineering, National Chung Hsing University, Taichung, Taiwan.

Background: A burn is a type of injury to flesh caused by various stimuli which
could be heat, corrosive chemicals or electrical. The objective of the present study
was to develop an in vitro model for investigation of cutaneous burn wounding,
and subsequent healing, using EpiDerm full thickness (EpiDerm-FT, EFT 400)
skin cultures. Methods: A 2 g brass weight immersed in hot water (100°C) or mineral oil (150°C) was used for inducing burn wounds in EFT-400. The exposure
temperature and time required to generate a significant wound were optimized.
Immediately after inducing a wound, the skin cultures were washed thoroughly
with PBS and incubated with fresh culture medium at 37°C for up to 8 days. The
EFT tissues were collected every alternate day for histological and immunohistochemistry studies. The culture medium was collected every day to study the release
of inflammatory markers including prostaglandin (PGE-2), Interleukin-1 (IL-1)
and Interleukin-8 (IL-8).
Results: Hematoxylin and eosin staining showed necrotic damage to epidermal and
dermal tissue following 100°C burning, and more extensive epidermal and dermal
damage following 150°C burns on day 1. The culture medium showed a significant
sharp increase in the levels of PGE-2, IL-1 and IL-8 (p<0.001 vs. control) on day 1
after wounding, followed by a gradual decrease each day, returning to near control
levels by day 6 post-wounding. Decreasing levels of inflammatory mediator release
corresponded with recovery and healing of the cultures as assessed by H&E stain-

Laboratory research provides evidence that estrogen quinone-derived direct and oxidative DNA damage and the subsequent formation of abasic sites (AP sites) play
an important role in the initiation of estrogen carcinogenesis. The objective of this
research was to investigate association of the risk factors of breast cancer, including
age, body mass index (BMI), and polymorphisms of genes responsible for estrogen
disposition with the background levels of AP sites in white blood cells derived from
88 female breast cancer patients in Taiwan. Results indicated that the background
levels of AP sites (mean ± SD) in breast cancer patients were 87.2 ± 103 per 106
nucleotides. The frequencies of variant alleles of CYP1A1 T3801C and CYP1B1
Leu432Val were estimated to be 39.8% and 7.95%, respectively. We noticed that
levels of AP sites in breast cancer patients with BMI < 27 were greater than those
with BMI ⭌ 27 (under 50 years of age). An increase (1.45-fold) in the number of
AP sites was detected in patients with CYP1A1 T3801C T/T genotype when compared to those with T/C+C/C genotypes. Similarly, an increase (1.46-fold) in the
number of AP sites was detected in patients with CYP1B1 Leu432Val
Leu/Val+Val/Val genotypes when compared to those with Leu/Leu genotype.
Additionally, results from the AP site cleavage assay indicated that the AP sites detected in breast cancer patients were likely to derive from oxidative events. In conclusions, the risk factors of developing breast cancer, including age, BMI, and variant allele of CYP1A1 T3801C, were negatively correlated with the background
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levels of AP sites whereas variant allele of CYP1B1 Leu432Val were positively correlated with the background levels of AP sites in breast cancer patients. (This work
was supported by the National Science Council, Taiwan, through Grants NSC982314-B-371-004-MY2 and NSC99-2314-B-005-001-MY3).
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SPONTANEOUS POINT MUTATIONS AND DELETIONS
ACCUMULATE IN A DIFFERENT MANNER WITH
AGING OF GPT DELTA TRANSGENIC MICE.

K. Masumura1, N. Osugi2, N. Toyoda-Hokaiwado1 and T. Nohmi1. 1Division of
Genetics and Mutagenesis, National Institute of Health Sciences, Tokyo, Japan and
2Japan SLC, Inc., Shizuoka, Japan. Sponsor: A. Nishikawa.
Chronic exposure of endogenous mutagens and DNA replication errors induce
spontaneous gene mutations. The mutations accumulate in the genome throughout
lifetime and may cause cancer or genetic diseases. Point mutations such as base substitutions are thought to increase with age in an organ-specific manner. However,
effects of aging on the other types of mutations such as deletions are not well studied. In this study, we investigated the accumulation of spontaneous point mutations
and deletions in young to aged mice. Mutation assays using gpt delta transgenic
mice have a feature that can detect point mutations and deletions by gpt and Spi- assays, respectively, in the same organ. To characterize spontaneous gene mutations
accumulated in mice, male gpt delta transgenic mice were fed normal diets for two
years. The organs were collected at week 4, 26, 52, 78 and 104, and mutant frequencies were examined for point mutations and deletions. Spontaneous gpt mutant frequencies in liver significantly increased with age up to 78 weeks, and then
slightly decreased at week 104. In testis, the gpt mutant frequencies didn’t increase
up to 78 weeks but increased 3 times at week 104 although the difference was not
significant because of large standard deviations. The gpt mutation spectra of young
and aged mice had similar characteristics, so the unique mutation types induced by
aging were not observed. In contrast, Spi- deletion frequencies were similar at week
4 to 78 but increased 2-3-fold at week 104 in both liver and testis. These results
raised the possibility that endogenous DNA lesions that induce point mutations accumulate with age in liver but not in testis and also that deletions are induced with
age in a different manner from that of point mutations. Catastrophic events that
may induce deletions may occur at week 104 in the liver and testis although interindividual differences are substantial.
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SITE-SPECIFIC IN VIVO ANALYSIS: POSSIBLE
INVOLVEMENT OF GENOTOXIC MECHANISMS IN
THE MODES OF ACTION FOR OCHRATOXIN A (OTA)INDUCED RENAL CARCINOGENESIS.

D. Hibi1, Y. Suzuki1, Y. Ishii1, M. Jin1, Y. Sugita-Konishi3, T. Nohmi2, K.
Ogawa1, A. Nishikawa4 and T. Umemura1. 1Division of Pathology, National
Institute of Health Sciences, Setagaya-ku, Tokyo, Japan, 2Division of Genetics and
Mutagenesis, National Institute of Health Sciences, Setagaya-ku, Tokyo, Japan,
3Division of Microbiology, National Institute of Health Sciences, Setagaya-ku, Tokyo,
Japan and 4Biological Safety Research Center, National Institute of Health Sciences,
Setagaya-ku, Tokyo, Japan.
Ochratoxin A (OTA), a mycotoxin and known food contaminant, can induce renal
tumors arising from the S3 segment of the proximal tubules in rodents. The results
from conventional mutagenicity tests investigating the role of genotoxic mechanisms in OTA-induced carcinogenesis are controversial. Human exposure to OTA
from various foods is unavoidable. Therefore, an understanding of OTA-induced
renal tumorigenic mechanisms is necessary for accurate estimates of the human
risks. In the present study, gpt delta rats were first exposed to a carcinogenic dose of
OTA for 13 weeks, enabling us to detect in vivo mutagenicity in the target organs.
OTA induced karyomegaly and apoptosis at the outer stripe of the outer medulla
(OSOM) in the kidney, but failed to affect the reporter gene mutations in DNA extracted from whole kidneys. This site-specificity resulting from the kinetics of specific transporters might be responsible for the negative outcome of in vivo mutagenicity. Next, kidneys from gpt delta rats exposed to OTA for 4 weeks were
macroscopically divided according to anatomical characteristics into the cortex, and
the outer and inner medullae, each of which was confirmed by histopathology. Spi−
mutant frequencies (MFs), but not gpt MFs, in the outer medulla and mainly the
OSOM, were significantly higher in OTA treated rats than in controls despite the
absence of cortical changes. These results strongly suggest the involvement of a
genotoxic mechanism in OTA-induced renal carcinogenesis. In addition, the reporter gene mutation assay using DNA from target sites could be a more powerful
tool to investigate in vivo genotoxicity.
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MAPPING DNA DAMAGE RESPONSE IN
PLURIPOTENT STEM CELLS THROUGH
INTEGRATION OF RNAI SCREEN WITH GLOBAL
TRANSCRIPTOMICS AND PHOSPHOPROTEOMICS.

E. Danen1, J. Puigvert1, L. von Stechow1, R. Siddappa1, A. Pines2, J. Olsen3,
H. Vrieling2, L. Mullenders2 and B. van de Water1. 1Toxicology, Leiden University,
Leiden, Netherlands, 2Toxicogenetics, University Hospital, Leiden, Netherlands and
3Proteomics, University of Copenhagen, Copenhagen, Denmark.
Damaged DNA contributes to aging when (stem) cells accumulate cytotoxic lesions
and to cancer through mutagenic lesions. It is also the mechanism of action of anticancer radio- and chemotherapy. The anticancer drug, cisplatin causes DNA crosslinks, stalled replication forks, and as a consequence double strand breaks. We analyze the signaling response to such broad-range genotoxic stress in pluripotent stem
cells where repair pathways and triggering cell death when damage is beyond repair
must be particularly robust. In an RNA interference screen targeting all known kinases, phosphatases, and transcription factors we identify cisplatin response modifiers in embryonic stem (ES) cells. A number of such modifiers are found to play
similar roles in p53 mutant breast cancer cells. Subsequently, the RNAi screen is
combined with global transcriptomics and phospho-proteomics (SILAC) to build
integrated networks. In addition to the expected pathways, these point to alterations in self-renewal signaling. In particular, our findings demonstrate that genotoxic stress in ES cells elicits Wnt signaling through a novel mechanism to constrain
p53-mediated apoptosis.
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PARP-1 ACTIVATION IN ANILINE-INDUCED DNA
DAMAGE: PROTECTIVE EFFECT OF ANTIOXIDANTS.

H. Ma, J. Wang, G. Wang and M. Khan. Pathology, University of Texas Medical
Branch, Galveston, TX.
Mechanisms by which aniline exposure elicits splenotoxic response, especially the
tumorigenic response, are not well-understood. Earlier, we have shown that aniline
exposure leads to oxidative DNA damage and up-regulation of base excision repair
(BER) enzymes, i.e., OGG1 and NEIL1/2 DNA glycosylases in rat spleen. This
study was focused on evaluating if poly (ADP-ribose) polymerase-1 (PARP-1), another BER enzyme, is also involved in protecting aniline-induced DNA damage,
and whether supplementation of antioxidants N-acetyl cysteine (NAC) and
aminoguanidine (AG) could provide protection against aniline-induced DNA
damage. To achieve this, four groups of male SD rats were orally treated with aniline (1 mmol/kg/day), aniline plus NAC (300 mg/kg/day), and aniline plus AG
(200 mg/kg/day) for 7 days, while controls received drinking water only. Aniline
treatment led to a ~2 fold increase in 8-hydroxy-2’-deoxyguanosine (8-OHdG) levels compared to controls. The aniline-induced increases in 8-OHdG levels were associated with significant increases in PARP-1 levels which were 2.2 fold greater
than the controls as analyzed by ELISA and Western blot analysis. NAC or AG supplementation in aniline-treated rats led to decreased DNA damage which was evident from significant decreases in 8-OHdG levels compared to aniline-treated rats.
NAC and AG supplementation also led to reduced PARP-1 activation compared to
aniline-treated rats. Thus, NAC and AG supplementation not only attenuated the
aniline-induced DNA damage, but also PARP-1 activation in the spleen. These results suggest that aniline-induced oxidative stress is associated with increased oxidative DNA damage and PARP-1 activation, and NAC and AG supplementation can
provide protection by preventing oxidative DNA damage. Supported by NIH
ES06476.
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ANTIOXIDANT DYSFUNCTION COMPROMISES UVBINDUCED DNA DAMAGE REPAIR.

W. Han1, M. Ming1, R. Zhao2, 3, J. Pi2 and Y. He1. 1Medicine/Dermatology,
University of Chicago, Chicago, IL, 2The Institute for Chemical Safety Sciences, The
Hamner Institutes for Health Sciences, Research Triangle Park, NC and 3School of
Forensic Medicine, China Medical University, Shenyang, Liaoning, China.
Mutagenic disruption of the nucleotide excision repair (NER) pathway, a specific
repair pathway to remove UVB-induced DNA damage, can cause xeroderma pigmentosum, a syndrome predisposing affected individuals to development of skin
cancer. The xeroderma pigmentosum C (XPC) protein is essential for initiating the
cancer-preventive global genome NER by recognizing the DNA lesion and recruiting downstream factors. Here we show that inhibition of the long isoform of the
nuclear factor-erythroid-2-related factor-1 (NRF1), a cytoprotective transcription
factor critical for the expression of multiple antioxidant response element-dependent genes, impairs global genome NER through suppressing the transcription of
XPC in UVB-irradiated surviving cells. NRF1 enhances XPC expression by increasing glutathione availability but independent of the transcription repressor of
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XPC. Adding XPC or glutathione restores the DNA repair capacity in NRF1-inhibited cells. Meanwhile loss of NRF1 sensitizes keratinocytes to UVB-induced
apoptosis through up-regulating the expression of the pro-apoptotic Bcl-2 family
member Bik. Knocking down Bik reduced UVB-induces apoptosis in NRF1-inhibited cells. Finally, we demonstrate that NRF1 levels are significantly reduced in
human skin tumors as compared with normal skin, and by UVB radiation in
mouse skin. These results suggest that NRF1 acts as a tumor suppressor through its
role in DNA repair.

626

CAENORHABDITIS ELEGANS POLQ PLAYS A ROLE IN
MEIOTIC CELL REPAIR.

A. Liu1, 2, E. K. Braithwaite3, J. Hall1, W. A. Boyd1, S. E. Hunter4, J. N.
Meyer4 and J. H. Freedman1, 3. 1DNTP, Research Triangle Park, NC, 2Huazhong
University of Science and Technology, Wuhan, China, 3NIEHS, Research Triangle
Park, NC and 4Duke University, Durham, NC.
DNA polymerases help maintain genomic stability and protect cells from DNA
damage. Based on sequence homology, C. elegans contains homologs to eleven
DNA polymerases; however, the role these polymerases play in maintaining genomic stability of mitotic and meiotic cells has not been well characterized. DNA
polymerase θ (POLQ-1) is an A family polymerase that contains an N-terminal helicase-like domain and a C-terminal polymerase domain connected by a large central domain. Previous studies showed that POLQ-1 is important in the defense
against interstrand DNA crosslinks and γ-irradiation. POLQ-1 may also participate
in base excision repair due to intrinsic 5′-deoxyribose phosphate lyase activity. In
this study, we examined the removal of base damage and embryonic lethality after
exposure to DNA damaging agents, hydrogen peroxide (H2O2) and methyl
methanesulfonate (MMS), in wild type nematodes and two polq-1 mutants, one
containing a deletion mutation in the polymerase domain (tm2026) and the other
containing an insertion-deletion mutation in the helicase domain (tm2572). A
qPCR-based assay revealed that rates of DNA lesion repair were comparable between wild type and the polq-1 mutants, suggesting POLQ-1 does not affect mitotic cell repair. We also examined the number of offspring and embryonic lethality.
After exposure to H2O2 or MMS, brood size was similar in all strains for the doses
tested. However, when assessing embryonic lethality, tm2572 nematodes showed a
2-fold increase in embryonic lethality after exposure to 0.5 mM H2O2 and both
mutant strains showed an increased rate of embryonic lethality after MMS exposure
compared to wild type nematodes. These results suggest that POLQ-1 plays a role
in meiotic cell repair. The difference in sensitivity between assays used to evaluate
DNA repair in mitotic and meiotic cells indicates that POLQ-1 may perform a specific function during meiosis.

627

C/EBPα CONTROLS P21 PROTEIN LEVELS IN
RESPONSE TO UVB-INDUCED DNA DAMAGE AND
DURING G1/S CELL CYCLE PROGRESSION.

J. Hall and R. C. Smart. Environmental and Molecular Toxicology, North Carolina
State University, Raleigh, NC.
The human epidermis is routinely subjected to DNA damage induced by solar radiation (UVB) and keratinocytes have developed intricate mechanisms to respond
to UVB-induced DNA damage by engaging in cell cycle checkpoints that enable
cells to repair damaged DNA or initiate apoptosis if the damage is too severe. The
C/EBP family of basic leucine zipper transcription factors is involved in the regulation of cell proliferation, growth arrest, differentiation, inflammation, senescence
and energy metabolism in a range of cell types. Previously, we have shown that
C/EBPα is induced by DNA damage and has a critical role in halting cell cycle progression in G1 in response to DNA damage (G1 checkpoint). Knockdown of
C/EBPα in keratinocytes results in a failed DNA damage response (DDR) coupled
with inappropriate entry into S-phase following UVB-induced DNA damage.
While it is known that C/EBPα has a critical role in the G1 DDR, the molecular
mechanism through which it functions in the G1 DDR is unknown. We observe
that following UVB exposure C/EBPα knockdown keratinocytes display altered
regulation of the cyclin dependent kinase (CDK) inhibitor protein p21, a critical
component of the UVB-induced G1 checkpoint and regulator of normal G1/S progression. Keratinocytes deficient in C/EBPα fail to accumulate p21 following exposure to UVB. This altered p21 regulation is post-transcriptional, as p21 mRNA
levels are not reduced compared to controls in the C/EBPα deficient cells following
UVB exposure. Furthermore, C/EBPα controls p21 protein levels without directly
associating with p21 protein. In addition, we observe altered p21 regulation following release of C/EBPα deficient cells synchronized in G0, suggesting that regulation of p21 by C/EBPα may be critical for proper G1/S progression and not specific to the UVB-induced G1 DDR. We propose that C/EBPα plays a critical role
in the UVB-induced G1 DDR through regulating the accumulation of p21.
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EARLY LIFE EXPOSURE TO MITOCHONDRIAL
GENOTOXICANTS REDUCES ATP LEVEL AND
MITOCHONDRIAL DNA COPY NUMBER IN JUVENILE
AND ADULT CAENORHABDITIS ELEGANS.

M. Leung, J. P. Rooney, A. S. Bess, I. T. Ryde and J. N. Meyer. Duke University,
Durham, NC.
Early life exposure to mitochondria toxicants, including paraquat, rotenone, and
manganese, has been hypothesized to promote early onset of genetic mitochondrial
disorders as well as common degenerative diseases such as Parkinson’s disease and
Alzheimer’s disease. The current study aims to investigate the biochemical and
physiological effects of early life exposure to mitochondrial genotoxicants in juvenile and adult C. elegans. In the first experiment, a laboratory method was developed to selectively generate mitochondrial DNA (mtDNA) damage (but not nuclear DNA (nuDNA) damage). Twelve-hour old first-larval stage (L1) C. elegans
was treated with three serial low-intensity (10 J/m2) doses of ultraviolet C (UVC)
radiation. This resulted in 1.3 ± 0.3 mtDNA and 0.2 ± 0.0 nuDNA lesion per
10,000 base pairs in 36-hr old third-larval stage (L3) C. elegans. In the second experiment, ATP level and mtDNA : nuDNA copy number ratios in C. elegans were
measured after serial L1 UVC doses (7.5 J/m 2). Both ATP level and mtDNA :
nuDNA ratios significantly decreased during the first 48 hr after the doses, but rebounded in the fourth larval stage (L4, 60 hr old; p < 0.05). The UVC doses significantly increased ATP levels in 108-hr old adults (p < 0.05) without any detectable
effect in mtDNA : nuDNA ratios (p > 0.05). In the third experiment, paraquat,
cumene hydroperoxide, rotenone, maneb, cadmium (II) chloride, and manganese
(II) chloride were screened for mitochondrial genotoxicity in 108-hr old adults.
Exposures to paraquat, maneb, cadmium (II) chloride, and manganese (II) chloride
all significantly decreased mtDNA : nuDNA ratio (p < 0.05). Both paraquat and
cadmium (II) chloride caused detectable DNA damage, but only paraquat caused
significantly more mtDNA than nuDNA damage (p < 0.001). The results indicate
that early life exposure to mitochondrial genotoxicants leads to late life alterations
in ATP level and mtDNA copy number, thereby representing a potential human
health hazard for further investigation.

629

MICRORNA EXPRESSION WAS DYSREGULATED BY
RIDDELLIINE IN RAT LIVER.

J. Yan1, Z. Li1, X. Yang2, W. Salminen2 and T. Chen1. 1Division of Genetic and
Molecular Toxicology, National Center for Toxicological Research, US FDA, Jefferson,
AR and 2Division of Systems Biology, National Center for Toxicological Research, US
FDA, Jefferson, AR.
Pyrrolizidine alkaloids (PAs) are the most common plant constituents that poison
livestock, wildlife, and humans. Riddelliine is a prototype genotoxic PA.
Riddelliine induced high incidence of liver tumors that were observed in both mice
and rats. In this study, we explored whether riddelliine treatment could alter
microRNA (miRNA) expression in rat liver and whether the possible deregulation
of miRNA were related to mutagenicity and carcinogenicity of riddelliine. Groups
of 6 rats were administered riddelliine at a carcinogenic dose of 1 mg/kg body
weight or with control vehicle 5 days a week for 12 weeks. The animals were sacrificed one day after the last treatment and the livers were isolated for miRNA expression analysis using miRNA microarrays. miRNA expression was significantly
altered by riddelliine treatment. Principal component analysis and hierarchical clustering analysis showed that the miRNA expression profiles were clearly classified
into two groups, riddelliine treatment vs. the control samples. Forty-seven miRNAs
were significantly dysregulated by riddelliine treatment, among which 38 were upregulated and 9 were down-regulated. Functional analysis of these differentially expressed miRNAs by riddelliine revealed that these miRNAs were involved in liver
carcinogenicity and toxicity, such as liver proliferation, liver necrosis/cell death, hepatocellular carcinoma, liver hepatomegaly, liver inflammation, and liver fibrosis.
These results suggest that miRNAs actively respond to a carcinogenic dose of riddelliine and the pattern of miRNA expression has the potential to be used as a biomarker of carcinogenicity for riddelliine and possibly other PAs.

630

REGULATORY ROLES OF MIR-34A IN MUTAGENESIS
IN HUMAN LYMPHOBLAST CELLS.

X. Chen1, Y. Zhang2, J. Yan1, R. Sadiq1 and T. Chen1. 1DGMT, US
FDA/NCTR, Jefferson, AR and 2Office of Scientific Coordination, US FDA/NCTR,
Jefferson, AR.
MicroRNAs are small non-protein coding RNAs that regulate a diverse array of biological processes, including DNA repair and apoptosis. MiR-34a, a tumor suppressor microRNA, has been identified as the direct transcriptional target of the
P53 gene. To elucidate the role of miR-34a in mutagenesis, we over expressed the

miR-34a by transfection chemically synthesized miR-34a precursor into human
lymphoblast TK6 cells. The mutant frequency (MF) in the thymidine kinase locus
was consistently increased in miR-34a over-expressed TK6 cells. Further more, the
over expression of miR-34a can abrogate the X-ray induced MF in transfected cells.
These data indicate miR-34a plays an important role in regulating the MF in TK6
cells. WTK1 (mutant P53 gene) cell line derived from the same lymphoid progenitor as TK6 (wild type P53 gene) cells. Previous studies showed WTK1 cells has
very high level of MF and very low level of miR-34a expression in comparison with
TK6 cells. Interestingly, when miR-34a was transfected into WTK1 cells, the high
basal level of MF in WTK1 cells didn’t show any change. miR-34a over-expression
was also not able to diminish X-ray induced mutation in WTK1 cells. These data
suggest P53 is required for miR-34a mutation regulation. Consistent with the role
of miR-34a involved in apoptosis, our data indicate the over-expression of miR-34a
can induce the apoptosis of TK6 cells with the presence of wild type P53. In summary, these results suggest that miR-34a plays a critical role in suppression of mutation induction under pathological conditions. The role of miR-34a in mutagenicity regulation is P53 dependent. The mechanism of miR-34a suppresses TK
mutation induction may be mediated through apoptosis.

631

CHANGE OF DNA LIGASE I PHOSPHORYLATION
INCREASES DNA DAMAGE, DELAYS CELL CYCLE,
AND LEADS TO SENESCENCE.

Z. Peng and A. Tomkinson. Internal Medicine, University of New Mexico,
Albuquerque, NM.
Human DNA ligase I (hLigI) plays a key role in DNA replication and several different DNA repair pathways. Our previous studies have shown that physical and
functional interactions between hLigI and the replicative clamp loader replication
factor C (RFC) and the checkpoint clamp loader hRAD17-RFC are sensitive to the
phosphorylation status of hLigI. The objective of this study is to elucidate the role
of hLigI phosphorylation in regulating its cellular functions. We isolated derivatives
of the hLigI-deficient cell line 46BR.1G1 that stably express mutant versions of
hLigI, in which 4 serine residues phosphorylated in vivo, were replaced with either
alanine or aspartic acid. The cell lines expressing the phosphorylation site mutants
of hLigI exhibited a dramatic reduction in proliferation, high level of cellular senescence and were also hypersensitive to DNA damage. Our studies have identified
Ser51 as a critical residue in the regulation of the cellular functions of hLigI by
phosphorylation.

632

ATR DEPLETION IN ATM-DEFICIENT HUMAN
MAMMARY EPITHELIAL CELLS CAUSES
SIGNIFICANTLY ATTENUATED G2 CHECKPOINT AND
SYNERGISTIC LETHALITY TO DOUBLE-STRAND
BREAKS AND DNA-DAMAGING AGENTS.

Y. Cui, C. L. Innes and R. S. Paules. Environmental Stress and Cancer Group,
Laboratory of Toxicology and Pharmacology, NIEHS, NIH, Research Triangle Park,
NC.
DNA double-strand breaks (DSBs) pose a great threat to genome stability and cell
viability. Normally cells respond to DSBs by activating cell cycle checkpoint allowing DNA repair to occur. These response pathways are induced mainly by three
members of the phosphatidylinositol 3-kinase–related kinase (PIKK) family: the
ataxia-telangiectasia mutated kinase (ATM), the ATM and Rad3-related kinase
(ATR), and the catalytic subunit of the DNA-dependent protein kinase (DNAPKcs). ATM and ATR are key players in homologous recombination (HR), which
predominates after DNA replication, while DNA-PKcs plays a critical role in nonhomologous end-joining (NHEJ), which is the primary repair pathway when the
sister chromatid is not available. Previous studies in our lab utilizing ATM-deficient
human mammary epithelial cells (HME-CC) have shown that DNA-PKcs is playing a role in the activation of IR-induced G2 checkpoint when ATM is depleted,
suggesting cross-talk between HR and NHEJ. In order to dissect the signals behind
this cross-talk and the role of ATR in particular, we recently generated inducible
ATR knockdown cell lines by lentiviral infection of both ATM proficient and deficient HME-CC cell lines. Preliminary data suggests that depletion of ATR in ATM
deficient cells causes significant G2 checkpoint attenuation and synergistic lethality
when cells are treated with ionizing radiation or DNA-damaging reagents such as
bleomycin sulfate and etoposide. We are currently investigating the changes in the
ATM/ATR double deficient HME-CC cells in their response to IR-induced DNA
damage. While the ATR-/- mouse is embryonic lethal, precluding many studies of
ATR function, and ATR inhibitors generally lack specificity, these inducible knockdown cells allow us to study DNA damage responses in an ATR-deficient background. Furthermore, the synergetic lethality caused by ATM and ATR depletion
may be potentially useful in cancer therapeutics.

633

DIFFERENTIAL P53 DNA DAMAGE DOSE-RESPONSE
IN HUMAN FIBROSARCOMA HT1080 AND
LYMPHOBLAST AHH-1 CELLS.

B. Sun1, S. Ross1, A. Thomas1, J. Trask1, M. E. Andersen1, P. Carmichael2, A.
White2 and R. Clewell1. 1The Hamner Institute, Durham, NC and 2SEAC, Unilever
Inc., Bedfordshire, United Kingdom.
p53 protects cells from DNA damage-induced mutation by initiating DNA repair,
cell cycle delay, and apoptosis. The pathway that the cell chooses to follow depends
upon the type, amount, and duration of DNA damage, as well as the specific cell
type. In order to better define the dose-dependent transition in p53 response after
chemical-induced DNA damage, we examined markers of p53 activation, DNA
damage and subsequent cellular responses in human HT1080 fibrosarcoma cells
and AHH-1 lymphoblast cells following exposure to etoposide (ETP). HT1080
cells showed 10-fold greater sensitivity to DNA damage than AHH-1 cells based on
micronuclei formation and γH2AX levels In both cell lines, cell cycle arrest (G2/M)
was observed at lower doses than initiation of apoptosis. While total p53 expression
was up-regulated in both cell types, the favored phosphorylation site for p53 and
the downstream cellular response differed. In AHH-1 cells, phosphorylation of p53
at serine46 (apoptosis inducer p53) and induction of cleaved caspase 3 (apoptotic
marker) were 35% and 50% respectively, much greater than HT1080 cells (8% and
8%), suggesting that p-p53 (ser46) and apoptosis were favored in AHH-1 cells. In
contrast, in HT1080 cells maximum induction of phosphorylation of p53 at serine
15 was greater than AHH-1, indicating that p-p53 (ser15) is favored in HT1080
cells. The differential response of these cells could result from alterations of downstream apoptotic or cell arrest signaling in cancer cells. It may also be indicative of
differences in cellular response in blood and epithelial cells. Understanding the relevance of both these factors will be important in achieving the vision of the Toxicity
testing in the 21st Century paradigm linking in vitro assay data to mechanistic
pathway perturbation. Genome wide RNA expression is being evaluated in order to
better characterize the differential pathway activation in these two cell lines and to
identify context-dependent mechanisms that determine cell fate after DNA damage.

634

MODULATION OF O6MG REPAIR ACTIVITY BY
MGMT SINGLE-NUCLEOTIDE POLYMORPHISMS.

C. Troll, D. L. Alexander and M. Camps. Microbiology & Environmental
Toxicology, University of California Santa Cruz, Santa Cruz, CA.
The therapeutic efficacy of popular antitumor alkylating chemotherapeutic agents
such as Temozolomide and Carmustine depends largely on the generation of O6methyl guanine (O6mG). This lesion, which is highly cytotoxic to tumors, is repaired by a specialized enzyme (O6 methyl guanine methyl transferase or MGMT),
that removes the O6 methyl adduct by irreversible transfer to its own active site.
The correlation between MGMT activity and sensitivity of tumors to alkylating
therapy is well established. There are 10 known non-synonymous MGMT SNPs in
humans that could affect the response of individual patients to alkylating agent
chemotherapy. I have developed a complementation system that detects O6mG repair by human MGMT with great accuracy. This system is based on expressing
human MGMT in an E. coli strain deficient in O6mG activity. This strain carries
the R323W mutation in its ada gene (the functional homolog of MGMT); which
abolishes O6mG repair without interfering with transactivation of other DNA repair genes. Using this system, I confirmed the results of 4 previously characterized
polymorphisms and characterized the repair activity of 6 previously uncharacterized
ones. I found that the L53F variant of MGMT (present in about 0.15% of the population) exhibits a 100-fold increase in activity towards O6mG lesions, whereas
other variants exhibit slight to significant decreased activity. This wide range of
O6mG demethylase activities that I observe should have an impact on the sensitivity of tumors to alkylating agent therapy, particularly if MGMT is dominant or
hapoinsufficient.

635

INCREASED NUCLEOTIDE EXCISION REPAIR
ACTIVITY OF AFLATOXIN-B1-N7-GUANINE ADDUCTS
IN LUNGS AND LIVERS OF MICE EXPOSED
CHRONICALLY TO AFLATOXIN B1

J. E. Mulder1, R. Mehta2, G. S. Bondy2 and T. E. Massey1. 1Pharmacology and
Toxicology, Queen’s University, Kingston, ON, Canada and 2Toxicology Research
Division, Health Canada, Ottawa, ON, Canada.
Aflatoxin B1 (AFB1) is produced by species of Aspergillus, moulds that can grow on
grains, oilseeds and spices. Following inhalation or ingestion, AFB1 is biotransformed into the highly reactive AFB1-exo-epoxide, which binds preferentially to the
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N7 position of guanine residues in DNA and can then hydrolyze spontaneously to
a formamidopyrimidine adduct (AFB1-FAPY). These adducts, which are normally
excised by nucleotide excision repair (NER), damage target cellular DNA and may
induce cancer. Previous work in our laboratory showed that acute exposure of CD1 mice to a single tumourigenic dose of AFB1 caused an 85% inhibition and a
250% increase in lung and liver repair activity of AFB1-N7-Gua respectively. The
objective of this study was to assess effects of chronic low-dose dietary AFB1 exposure on repair of AFB1-N7-Gua and AFB1-FAPY adducts. Male C57Bl/6J mice
were exposed to 0, 0.2 or 1.0 ppm AFB1 in AIN 93M semi-purified diet for 26
weeks. NER activity of liver nuclear protein extracts was assessed with an in vitro
assay, using adducted plasmid DNA as a substrate. Repair of AFB1-N7-Gua was
140% and 100% greater in extracts from lungs of mice exposed to 0.2 ppm and 1.0
ppm AFB1 respectively, versus control (p<0.05). Repair of AFB1-N7-Gua was 200%
greater in extracts from livers of mice exposed to 0.2 ppm AFB1 (p<0.05), while no
effect was seen in livers of mice exposed to 1.0 ppm AFB1, compared to control.
AFB1 did not alter repair of AFB1-FAPY in liver. In conclusion, the increase in
NER activity in liver was dependent on both AFB1 dose and repair substrate.
Additionally, the increase in NER activity seen in lung and liver following chronic
AFB1 exposure is consistent with a homeostatic response to DNA damage.
(Supported by CIHR Grant No. MOP- 89698 and GRDI)

636

DNA DAMAGING MECHANISMS OF
TRICHLOROETHYLENE RENAL TOXICITY.

V. De La Rosa, J. Asafa, D. Corvaglia and C. Vulpe. Nutritional Sciences and
Molecular Toxicology, University of California, Berkeley, Berkeley, CA.
Trichloroethylene (TCE) is an industrial solvent and a common drinking water
contaminate. Previous studies have identified the TCE metabolite DCVC as responsible for increased kidney toxicity and cancer, yet the molecular events mediating renal toxicity remain controversial. Using a functional genomics approach in
yeast, parallel deletion analysis, we aim to obtain a better understanding of the
mechanisms involved in TCE renal toxicity. As many of the pathways and gene
functions in yeast are conserved in higher eukaryotes, results from this analysis can
inform studies in higher organisms. The yeast deletion library was treated with
acute and chronic exposures (5G and 15G) of DCVC followed by computational
analysis. Enrichment analysis of both genetic profiles revealed genes involved in nucleotide excision repair, post-replication DNA repair and DNA damage response.
Individual growth confirmations of DNA repair strains revealed genes involved in
translesion synthesis (TLS), such as Rad6, Rad18, and Rev1 showed increased sensitivity compared to other repair pathways, implicating the TLS pathway as a possible mechanism of toxicity. Rad18, Rad6 and Rev1 function as critical components
of error prone in humans, suggesting DCVC may cause DNA lesions that lead to
genome instability and toxicity. Western blot analysis in yeast and human kidney
cells (HK-2) treated with DCVC showed increased ubiquitination of PCNA,
which signals for TLS initiation. Other results to be reported include forks-stalling
assays to determine the TLS polymerase responsible for bypassing DCVC damage
and identification of potential DNA lesions. This work has provided evidence for
mutagenic DNA repair as a potential mechanism mediating TCE-induced kidney
toxicity and requires further examination.

637

DNA REPAIR CAPACITY IS MODULATED BY XPC
HAPLOTYPES.

C. M. Rondelli1, C. J. Etzel2 and S. Z. Abdel-Rahman1. 1University of Texas
Medical Branch, Galveston, TX and 2MD Anderson, Houston, TX.
The impact of single nucleotide polymorphisms (SNPs) of the DNA repair gene
XPC on DNA repair capacity (DRC) has not been comprehensively determined.
We constructed a haplotype map encompassing all XPC SNPs existing with a
minor allele frequency ≥0.05. We identified 21 haplotypes that segregated into 6
phylogenetic groups (PGHs A-F). We evaluated the relationship between these
PGHs and DNA damage associated with smoking, using chromosome aberrations
(CA) as a biomarker. We observed a significant interaction between PGH-C and
smoking for baseline CA (P=0.046). Using mutagen-sensitivity as a biomarker of
cancer risk, we observed significant interactions between smoking and PGH-D
(P=0.023) and -F (P=0.007). To provide mechanistic explanations to our findings,
we exposed human lymphoblastoid cells representing different XPC haplotypes to
UV radiation to generate the NER substrates 6-4 photoproducts (6-4PP) and cyclopyrimidine dimers (CPD). We then evaluated the effect of XPC haplotypes on
DRC using ELISA. We hypothesized that if XPC haplotypes have functional effects, there would be a correlation between these haplotypes and repair of 6-4PP
and CPD. We found significant differences in dimer repair as a function of XPC
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haplotypes. For example, cells with the PGH-EE repaired 6-4PP more efficiently
than cells with -DD or -FF. At 30 min post-UV exposure, levels of 6-4PP in cells
with the PGH-EE returned to near baseline levels while adduct levels in cells with DD and -FF remained significantly high. Additionally, we observed that 6-4PP and
CPD are not necessarily repaired at the same rate depending on XPC haplotype.
For example in cells with -DD, 6-4PP levels were significantly repaired at 1 hr after
UV exposure while CPD levels remained high up to 3 hrs. These data provide initial mechanistic explanations to our earlier findings indicating an effect of XPC
haplotypes on smoking-induced genetic damage and support reported associations
between XPC SNPs and cancer risk.

638

IDENTIFYING MECHANISMS OF
TRICHLOROETHYLENE TOXICITY.

J. B. Asfaha1, V. De La Rosa1, D. Corvaglia2 and C. Vulpe1. 1Nutritional Science
and Toxicology, University of California Berkeley, Berkeley, CA and 2University of
California Merced, Merced, CA.
Trichloroethylene (TCE) is an industrial solvent and common environmental contaminant. More than half of the US EPA’s Priorities List sites are contaminated with
TCE. When TCE is metabolized via the glutathione conjugation (GSH) pathway,
the reactive metabolite, dichlorovinyl cysteine (DCVC) is produced. Studies have
shown DCVC as the ultimate metabolite, resulting in renal toxicity. To gain further
insight on genes that are of significance in DCVC renal toxicity, we employed parallel deletion analysis (PDA) in yeast. Fundamental genes and pathways are conserved between yeast and humans, making yeast a model organism for our studies.
PDA revealed 56 strains sensitive to DCVC exposure, 14 of which are involved in
DNA damage repair. Conversely 155 strains exhibited better growth, conferring resistance, and 4389 mutant strains remained unaffected. Sensitivity of DNA repair
strains were confirmed by individual growth analysis and revealed REV1Δ,
RAD6Δ, and RAD18Δ confer sensitivity relative to wild-type yeast at low doses of
DCVC. RAD18Δ exhibited the most sensitivity compared to the other strains at all
doses. Interestingly, RAD30Δ exhibited increased growth relative to wild-type, indicating resistance to DCVC exposure. The resistance of RAD30Δ relative to the
sensitivity of REV1Δ, RAD6Δ and RAD18Δ implies the primary pathway involved
in response to DCVC is error-prone translesion synthesis (TLS). TLS is a DNA repair pathway conserved in humans that can result in mutagenesis of replicating
DNA. Our data suggests DCVC may cause DNA damage that induces the TLS
pathway and ultimately leads to cell death.

639

COREXIT 9500 AND BENZO(a)PYRENE (BaP)
COEXPOSURE ALTERS DNA DAMAGE RESPONSE
COMPARED WITH BAP ALONE.

K. E. Germ and G. D. Mayer. Environmental Toxicology, Texas Tech University,
Lubbock, TX.
The April 2010 Gulf of Mexico oil spill has reignited interest in environmental protection and research. As an effort to mitigate the effects of crude oil in the Gulf, the
US EPA allowed the use of chemical surfactants to help disperse the oil and aid in
its metabolism by microorganisms. Currently, scientific data regarding dispersants
used in the Gulf are sparse, and investigations of these compounds in the marine
environment are ongoing. To gain a better understanding of the effects of dispersants on wildlife, we coexposed killifish (Fundulus heteroclitus) to various concentrations of waterborne Corexit 9500 to investigate whether this dispersant is able to
alter the spectrum of DNA damage caused by a model DNA damaging agent
benzo(a)pyrene (BaP), a representative polycyclic aromatic hydrocarbon (PAH)
found in Louisiana Sweet Crude oil. To determine if Corexit 9500 affected the biological response to BaP, changes in mRNA abundance between treated and control
fish was measured for several genes known to be involved with the metabolism of
PAH’s and the repair of adducted DNA. Genes examined include CYP1A1, commonly induced by toxicants including PAHs, and a known biomarker of toxicant
exposure, and XPA, a gene involved in DNA damage recognition in the nucleotide
excision repair (NER) pathway. NER is an essential repair pathway responsible for
the removal of bulky DNA adducts caused by PAH compounds. We observed an
up-regulation of XPA after Corexit coexposures potentially indicating an increase in
DNA adduct formation. CYP1A1 was dampened by Corexit exposure, however,
coexposure to BaP and Corexit increased CYP1A1 mRNA abundance in a dose-dependent fashion. Immunoblot data also confirmed that adducts were present in
liver-derived DNA. Our results demonstrate that genetic responses to PAHs are
heightened with coexposure to the surfactant Corexit 9500. These data to indicate
the potential effects of Corexit 9500 on essential biological processes in marine
species in response to its use as a chemical dispersant in the Gulf of Mexico.

640

THE RELATIONSHIP BETWEEN ERCC6 AND XPA
GENE POLYMORPHISM AND RISK OF ARSENICOSIS
CAUSED BY BURNING COAL IN GUIZHOU
PROVINCE, CHINA.

A. Zhang1, X. Xu1, G. Yang1 and X. Huang2. 1School of Public Health, Guiyang
Medical University, Guiyang, China and 244th Hospital of People’s Liberation Army,
Guiyang, China. Sponsor: P. Zhou.
In Guizhou province, China, arsenicosis caused by burning coal was found since
1976. The villagers were suffering severe symptoms of arsenicosis. According to our
investigation, the happening of the disease existed individual differences. In order
to find it clearly, we selected Excision repair cross complement group 6 (ERCC6)
and Xeroderma pigmentosum group A gene(XPA), analyzing the relationship between their gene polymorphisms and the risk of arsenicosis, to provide the evidences for screening the susceptible persons and protecting high risk population in
the endemic area. Methods According to Chinese National Arsenicosis Diagnosis
Criteria (WS/T211-2001), 205 diagnosed arsenicosis patients were chosen as patients group. 187 villagers who lived about 13km away were chosen as control
group, sharing a similar lifestyle but not using high arsenic coal. PCR-RFLP was
used to analyze the gene polymorphisms of ERCC6 and XPA. Results 1.
Unconditional Logistic regression analysis showed after the adjustment of gender
and age,the individual carrying G allele(AG+GG)in ERCC6 A3368G has significantly lower risk of arsenicosis than that carrying AA gene(with
ORadj=0.282,95%CI:0.126-0.628,P=0.002). 2.The risk of arsenicosis decreased
for the individuals carrying the two gene types as follow: ERCC6 3368(AG+GG)
and ERCC6 -6530 CC; ERCC6 3368(AG+GG)and ERCC6 6530(CG+GG);ERCC6 3368(AG+GG) and XPA 23 AA;ERCC6 3368(AG+GG)
and XPA 23(AG+GG);ERCC6 -6530(CG+GG) and XPA23 AA. Conclusions 1.
ERCC6 A3368G gene polymorphism is related to the risk of arsenicosis caused by
burning coal. More protection should be done for population carrying AA gene
type in the area. 2. Combined effects of different gene loci exist in the process of arsenicosis development.
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THE RELATIONSHIP BETWEEN
HYPERMETHYLATION, mRNA TRANSCRIPTION AND
PROTEIN EXPRESSION OF GLUTATHIONE-STRANSFERASES-P1 GENE AND ARSENICOSIS.

T. Yang1, A. Zhang1, X. Pan1, X. Huang2 and X. Han1. 1School of Public Health,
Guiyang Medical University, Guiyang, China and 244th Hospital of People’s
Liberation Army, Guiyang, China. Sponsor: P. Zhou.
Arsenic is a recognized carcinogen.Environmental arsenic pollution will cause arsenic and even cancers,Up to now,no evidences have been discovered about the
mechanism of arsenic intoxication and carcinogenesis. This study analyzes the relationship between methylation in detoxification gene-GSTP1 gene promoter region, mRNA transcriptional expression and protein expression and the occurrence
and development of arsenic toxication in toxic population. Methods The blood
samples were collected from 123 arsenicosis patients and 47 controls.DNA methylation regulation of GSTP1 gene in blood of arsenicosis patients was detected by
methylation-specific PCR.The mRNA expression of GSTP1 was detected by realtime quantitative reverse transcription polymerase chain reaction,the tiss ue samples of skin were collected from 53 patients with endemic arsenicosis and from 15
controls.GSTP1 proteins were detected by immunohistochemical method. Results
It showed that the positive rate of DNA methylation of GSTP1 gene increased with
disease development and dermatic lesion of arsenicosis.The average levels of
GSTP1 mRNA of arsenicosis patients groups were significantly lower than that of
the control group.The average levels of GSTP1 mRNA in promoter methylation
group of GSTP1 was lower than that in non-methylation group.Compared with
the control group, the GSTP1 protein expression was higher in arsenicosis group,
which was associated with the degree of skin damage,the GSTP1 protein expression
in promoter methylation group of GSTP1 was higher than that in non-methylation
group. Conclusions Arsenicosis may lead to hypermethylation of the GSTP1 gene
promoter and then inhibit the transcription of the mRNA and protein expression.
GSTP1 gene plays an important role in arsenicosis or carcinogenic process.
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MOLECULAR BASIS OF DNA DAMAGE
TRANSCRIPTION PROCESSING BY RNA POLYMERASE
II.

D. Wang. Skaggs School of Pharmacy & Pharmaceutical Sciences, University of
California San Diego, La Jolla, CA.
Molecular Basis of DNA Damage Transcription Processing By RNA Polymerase II

A vital challenge that all cells and organisms constantly have to face is the generation of diverse harmful DNA lesions in the genome caused by endogenous and environmental agents. The DNA lesions within highly transcribed genomic regions
must be dealt with in a timely and efficient manner to prevent stalling of the transcription machinery and subsequent cell death. A significant body of evidence indicates that RNA polymerase II (Pol II) is a highly selective DNA damage sensor,
since it constantly scans the transcribed genome during transcription. Pol II can bypass small DNA lesions. Certain types of DNA damage frequently cause nucleotide
misincorporation into an RNA transcript (error-prone transcription bypass) in a
manner similar to translesion synthesis by error-prone DNA polymerases.
However, other types of DNA lesions have little effect on transcription fidelity
(error-free transcription bypass). Error-prone transcription bypass, termed transcriptional mutagenesis, may be an important pathway for the generation of mutant proteins and therefore play a role in tumor development. However, the molecular mechanisms that dictate error-prone versus error-free transcription are not
fully understood. Here, we use a combined approach including pre-steady state
transient kinetics, X-ray crystallography, and molecular dynamics simulations to
molecular basis of factors in controlling transcription fidelity. We further elucidated
the roles of electrostatic effects and of steric effects in controlling Pol II error-prone
versus error-free transcription bypass.
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ACTIVATION OF THE MYCOTOXIN PATULIN BY
REACTION WITH GLUTATHIONE: A PUTATIVE
MECHANISM OF ADDUCT FORMATION WITH
ADENINE.

L. Lehmann, C. Pfenning and H. L. Esch. Insitute of Pharmacy and Food
Chemistry, University of Wüerzburg, Wüerzburg, Germany.
The mycotoxin patulin (PAT) can occur in many moldy fruits, grains and other
foods, but the major sources of patulin are moldy apples and apple products.
Recently, we have shown the mutagenic potential of PAT in the hprt locus of V79
cells at concentrations as low as 0.6 μM.
The mutagenicity of PAT at such low concentrations is in contrast with the assumption that the intracellular excess of glutathione (GSH) ascertains the complete
inactivation of small reactive electrophiles such as PAT. Furthermore, DNA-DNA
crosslinks rather than DNA strand breaks or oxidative DNA base modifications
contributed to the PAT-induced mutagenicity, indicating the reaction of PAT with
DNA bases.
Thus, cell-free reactions of PAT with adenine in the presence and absence of
equimolar concentrations of GSH were carried out. Reaction products were separated by means of HPLC and their structure was elucidated by MS/MS. Besides already known PAT-GSH adducts, at least two PAT-adenine adducts were detected in
the presence and absence of GSH. In addition, at least one novel product exhibiting
a mass to charge ratio and fragmentation pattern identifying a mixed PAT-GSHadenine adduct was observed. Moreover, one hitherto unknown PAT-GSH adduct
was identified. Since its fragmentation pattern correlated with the PAT-GSH-adenine adduct before its linkage to adenine, it might represent the precursor of the
mixed adduct, suggesting the activation of PAT by reaction with GSH. Based on
our observations, we propose a structure of the mixed PAT-GSH-adenine adduct
and the putative mechanism of its formation.
These findings are in contrast with the assumption that the conjugation of the
major intracellular nucleophile GSH induces the complete inactivation of PAT. In
fact, the formation of a reactive PAT-GSH monoadduct and its potential to associate with DNA bases could contribute to the mutagenicity of PAT.
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SMOKING IS ASSOCIATED WITH A DIMINISHED DNA
REPAIR AND INCREASED BREAST CANCER RISK.

J. L. Matta, C. Alvarez-Garriga, L. Morales, W. Vargas and M. Bayona.
Pharmacology, Physiology & Toxicology, School of Public Health, Ponce School of
Medicine and Health Sciences, Ponce, US, Puerto Rico.
The role of smoking in breast cancer (BC) remains controversial, BC is hormone
dependent and cigarette smoking may have antiestrogenic effects in women (Vogel
2006). The association between smoking and DNA repair capacity (DRC) is largely
unknown. A low DRC is an important risk factor in BC (Ramos et al. 2004). The
focus of this study was to test the hypothesis that smoking was associated with
changes in DRC level and BC risk. We conducted in Puerto Rico a 5 year IRB approved study with 385 women with recently diagnosed BC and 606 controls. BC
risk factors in relation to smoking and other epidemiological variables were solicited and DRC was measured in lymphocytes utilizing a host cell reactivation
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assay. Multiple logistic regression was used to calculate odds ratio (OR) to assess the
association of DRC, smoking and BC after adjusting for all confounders simultaneously. Compared to the controls, women with BC (smokers and non-smokers)
showed an average decrease of 55% in their DRC levels (p<0.001). Women with
low DRC (< 3.185) were 16.5 times more likely to have BC (OR=16.5, 95%CI
11.6, 23.5; p<0.001). Smokers had 60% more odds of having BC (OR = 1.6,
95%CI 1.01, 2.59; p=0.045) and 50% more odds of having a low DRC (OR=1.5,
95%CI 1.00, 2.40; p=0.085) although the latter was borderline significant. Every
year of smoking increased 2% the odds of having BC (OR=1.02 95%CI 1.0, 1.04;
p=0.189), and 7% the odds to have a low DRC (OR=1.07, 95% CI 1.01, 1.13;
p=0.025). However, the former was not statistically significant after adjusting for
age, BMI, family history of BC, menopause, alcohol consumption, marital status,
eating saturated fat and history of pregnancy. This study provides the first evidence
of the potential association of smoking with a diminished DRC and increased BC
risk. Supported by grants S06 GM008239-20 and 1SCA157250-2 from the NCI
Center to Reduce Health Disparities and NIH-MBRS Program (NIGMS).
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NANOPARTICLES FOR DRUG DELIVERY: HOW TO
ASSESS DANGER FOR MITOCHONDRIA?

B. H. Rihn, H. Eidi, O. Joubert and A. Le Faou. Faculté de
Pharmacie/CITHEFOR, Université de Lorraine, Nancy, France. Sponsor: N.
Claude.
Recently, we reported that Eudragit® RS (ERS) empty nanoparticles, prepared by
nanoprecipitation (NP) or double emulsion (DE) techniques, induced cytotoxicity
in NR8383 macrophages. As drug delivery nanoparticles are currently used in
human therapies, we investigated both morphological and biochemical effects on
macrophages exposed to ERS nanoparticles (15 and 100 micrograms/mL ; diameter = 56 nm). Damaged cells did not display an apoptotic cell death whereas ERS
induced rather autophagy. Transmission electron microscopy showed that ERS
nanoparticles were internalized per unit by macrophages and entered mitochondria
that lost their shape and integrity. By the way opa-1, a gene marker of mitochondria
cytoxicity, was downregulated. Ultrastructural studies showed typical autophagophore vesicles, autophagy markers with upregulation of atg16l1 and
map1lc3 genes, as evidenced at both mRNA and protein levels.
In this study, we reported for the first time that such polymeric drug nanovectors
enter mitochondria and act as autophagy activators, like viruses. Thus nanovectors,
whatever their type, should be assayed on macrophages in order to determine potential induction of autophagy and mitochondria damage for toxicological safety.
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SIZE-DEPENDENT AGGRAVATING-EFFECT OF
AMORPHOUS SILICA NANOPARTICLES ON ATOPIC
DERMATITIS.

T. Hirai1, 2, T. Yoshikawa1, 2, T. Yoshida1, 2, S. Tochigi1, 2, M. Uji1, 2, K.
Ichihashi1, 2, N. Itoh1, H. Nabeshi1, 2, Y. Yoshioka1, 2, 3 and Y. Tsutsumi1, 2, 3.
1Laboratory of Toxicology and Safety Science, Graduate School of Pharmaceutical
Sciences, Osaka University, Osaka, Japan, 2Laboratory of Biopharmaceutical
Research, National Institute of Biomedical Innovation, Osaka, Japan and 3The Center
for Advanced Medical Engineering and Informatics, Osaka University, Osaka, Japan.
Nanomaterials (NMs) have been becoming essentials in daily life. However, because of unique physicochemical properties and innovative functions of NMs, it is
a concern that NMs can exhibit unknown harmful effects. In this regards, to make
safe NMs and enjoy their many benefits, it is essential to evaluate the hazard associated with NMs on human health. However, since NMs do not behave in solution
as soluble small molecules, we need more information about the relationship between NM hazards and their physicochemical properties, such as size and shape.
Previously, we reported that amorphous silica nanoparticles (nSPs), which are one
of the frequently used NMs, can penetrate the skin and translocate to draining
lymph node. This suggested that dermal exposure of nSPs affect the development/aggravation of the immune disease, such as atopic dermatitis (AD). Here, we
investigated the effect of nSPs on AD like skin lesions. We injected mite antigen
(Dp) plus various-sized silica particles (SPs : diameter of 1,000, 300, 100, 70 and
30 nm) intradermally into the ear of NC/Nga mice which develops AD-like skin lesions related to intradermal injections of Dp. Histological analysis in the skin
showed the intradermal injections of nSPs aggravate AD-like skin lesions in size dependent manner. Furthermore, cytokine expression analysis suggested that smaller
SPs induce higher IL-18 and thymic stromal lymphopoietin (TSLP) production in
the skin, which leads to systemic Th2 response and aggravation of AD-like skin lesions. These results indicate that the size of nSPs is critical determinant in terms of
both their safe use and the development of non-toxic (safe) nSPs.
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MICRONUCLEI IN TK6 CELLS ARE INCREASED BY
SILVER NANOPARTICLES IN A DOSE, SIZE AND
SURFACE COATING-DEPENDENT MANNER.

Y. Li, J. Yan, J. A. Bhalli, R. Sadiq, W. Ding and T. Chen. Division of Genetic
and Molecular Toxicology, US FDA/National Center for Toxicological Research,
Jefferson, AR.
Nanoparticles have unique physical and chemical attributes, such as size, surface
charge, and surface coating, and these different physicochemical properties could
have different biological consequences. In the present study, we evaluated the effects of the size and surface coating of nanoparticles on micronucleus (MN) induction in human lymphoblastoid TK6 cells. To test the effects of surface coating, cells
were treated with different concentrations of 5 nm uncoated, polyvinylpyrrolidone
(PVP)-coated and tannic acid (TA)-coated silver nanoparticles (AgNPs). Size effects
were evaluated by treating cells with different sizes of citrate coated AgNPs (Ag-10
nm, Ag-20 nm, Ag-50 nm and Ag-100 nm). Additional cells were treated with
water and 0.75 Gy X-ray as vehicle and positive controls. MN frequency was increased significantly and in a dose-dependent manner by the 5 nm coated and uncoated AgNP treatment. Treatment of TK6 cells with 1.5 μg/ml PVP-coated, 3.0
μg/ml TA-coated and 30 μg/ml uncoated AgNPs (concentrations resulting in
around 40% relative population doubling) resulted in 4.12, 2.81, and 3.1 foldchanges in MN frequency, respectively. The surface charges and aggregation natures
of the nanoparticles are considered responsible for the genotoxicity differences.
Different sizes of citrate AgNPs generated weak, but dose-dependent increases in
MN frequency and more experiments are being conducted to confirm this finding.
The data indicate that the AgNPs induce micronuclei in TK6 cells, and the MN induction is dose-, surface coating- and size-dependent.
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IN VITRO PULMONARY TOXICITY OF METAL OXIDE
NANOPARTICLES.

D. Cupi1 and K. Dreher2. 1Technical University of Denmark, Kongens Lyngby,
Denmark and 2US EPA, Research Triangle Park, NC.
Nanomaterials (NMs) encompass a diversity of materials with unique physicochemical characteristics which raise concerns about their potential risk to human
health. Rapid predictive testing methods are needed to characterize NMs health effects as well as to screen and prioritize NMs for comprehensive toxicological assessments. BEAS2B human bronchial epithelial cells were employed to assess the in
vitro pulmonary toxicity of 4 TiO2 and 4 CeO2 particles varying is size (6 1288nm), morphology and crystalline structure. Exposures were conducted over
several concentrations for each endpoint examined. No BEAS2B cytotoxicity was
observed for any particle following a 24hr exposure to concentrations up to100
μg/ml. The ability of TiO2 and CeO2 particles to induce inflammation and oxidative stress was assessed by gene induction using RT-PCR. At 50 μg/ml maximal IL8 and IL-6 gene induction by 6nm TiO2 and 8nm CeO2 NMs was observed at 6hr
and 24hr post-exposure, respectively, with 8nm CeO2 NMs producing the greatest
induction of cytokine mRNA levels. Smaller TiO2 and CeO2 NMs produced
greater induction of IL-8 and IL-6 mRNA levels compared to their larger sized
counterparts. At 50 μg/ml all TiO2 and CeO2 particles induced similar increases in
HO-1 mRNA levels at 6hr and 24hr post-exposure, respectively. The pattern of
HO-1 gene induction was inconsistent with a role of oxidative stress in metal oxide
induced BEAS2B cytokine gene expression. Pretreatment of BEAS2B cells with
IKK inhibitor III BMS-345541 completely inhibit 25nm TiO2 and 69nm CeO2
NM induction of IL-8, IL-6 and HO-1 gene expression indicating a role of NFκB
in these responses. A cell-based ELISA for NFκB p65 phosphorylation revealed
rapid Ser536 phosphorylation in BEAS2B cells following exposure to 50 μg/ml of
TiO2 and CeO2 NMs with sizes >25nm. Results demonstrate the ability to employ
in vitro methods to assess NM induced pulmonary toxicity. Some responses were
found not to be totally dependent on NM size/surface area indicating composition
and surface properties play a role in mediating NM toxicity. This abstract does not
reflect EPA policy.
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THE ROLE OF ROS AND NFκB ON CYTOTOXIC AND
PRO-INFLAMMATORY EFFECTS OF BLACK TONER
POWDER.

V. Mersch-Sundermann1, A. Weiss1, M. Koenczoel1, C. Gruendemann1, I.
Merfort2 and R. Gminski1. 1University Medical Center Freiburg, Freiburg, Germany
and 2Department of Pharmaceutical Biology and Biotechnology, University of
Freiburg, Freiburg, Germany. Sponsor: D. DeMarini.
Major components of black toner powders are styrene-acrylate copolymer (SAC),
magnetite and Carbon Black (CB). Recent reports have suggested possible significant adverse health effects from toner dust inhalation. Moreover, in a previous

study, we observed genotoxic effects in A549 human lung cells exposed to three
commercially available black toner powders. The aim of this study was to unravel
the underlying mechanisms of toxicity by comparing the cytotoxic and pro-inflammatory potential of these three toner powders and the influence of ROS and NFkB
induction. Toner powders A, B and C consist mainly of SAC (40–60 wt%) and
magnetite (30–50 wt%). Additionally, toner powders A and B contain titanium
dioxide (1–5 wt%), silica (1–5 wt%) and CB (<1 wt%). The three black toner powders and their suspensions were examined by SEM. The toner powders consist of
C-bearing, rounded to slightly elongated particles with typical diameters of 2 to 8
μm. The particle surface is somewhat rough and is covered by rounded nanoparticles (30-200 nm). In all the experiments, A549 cells were exposed for 24 h to various concentrations of the three toner powder suspensions. Cytotoxicity was assessed by the WST-1 and NR assay and ROS induction by the DCFH-DA assay.
Cytokine release was quantified using FlowCytomixTM Technology. Nuclear NFkB was detected by the electrophoretic mobility shift assay (EMSA). Slight cytotoxic effects were found for the three toner powders. A concentration-dependent
induction of ROS was observed upon treatment with the toner powder suspensions. Exposure to toner powder enhanced IL-6 and IL-8 production. Moreover,
EMSA results exhibit release of the pro-inflammatory transcription factor NF-kB
in A549 cells. These results suggest that exposure of lung cells to the three selected
toner powders analyzed causes oxidative stress by induction of ROS, which may be
responsible for the genotoxic effects and even trigger the pro-inflammatory
processes observed.
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THE INDUCTION OF METALLOTHIONEINS BY
SILVER NANOPARTICLES AS A NOVEL PUTATIVE
IMMUNOMODULATORY MECHANISM IN T CELLS.

J. Shao, A. A. Peijnenburg, H. Bouwmeester and O. L. Volger. RIKILT—
Institute of Food Safety, Wageningen University and Research Centre, Wageningen,
Netherlands. Sponsor: S. Rangarajan.
Introduction: Silver nanoparticles (AgNPs) are used in numerous consumer and
health care products, mainly for their antimicrobial properties. Recent in vitro
studies suggest that AgNPs can affect the immune system. For instance, AgNPs can
induce (i) DNA damage, cell cycle arrest and apoptosis in T cells (PMID
20932003), and (ii) cytotoxicity, ROS production, and IL8 secretion in
macrophages (PMID 21390403). In this study we assessed whether different sizes
of AgNPs have specific effects on the function of T cells in vitro. Genome wide expression patterns were used as functional readout. Methods and Results: Human
Jurkat T cells (clone E6.1, ATCC) were exposed for 6 hours to three sizes of AgNPs
(10, 30, 110 nm), or to a supernatant of 30nm AgNPs, that were subjected to ultracentrifugation, without or with addition of AgNO3 (0.5uM, 1.4uM), respectively. mRNA molecules were extracted and transcriptomes were generated
(Affymetrix U133A, plus 2.0) from N=4 independent experiments. We found, by
unsupervised hierarchical clustering of the transcriptome profiles, that metallothioneins were selectively induced by 10nm and 30 nm AgNPs, whereas 110 nm
AgNPs and ionic Ag had no effects. This finding was verified by Q-RT-PCR (+2.226.5 fold, p< 0.05). Conclusions: Small sized AgNPs (10-30nm) selectively induce
MTs at the mRNA level in human T cells in vitro, whereas larger AgNPs (110nm)
and ionic silver do not have this property. Currently experiments are on-going to
verify whether this induction of MTs (i) is also observed at the protein level, (ii) is
mediated by the transcription factor MTF-1, and (iii) has specific functional consequences for the immune system.
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PULMONARY TOXICITY FOLLOWING REPEATED
INTRATRACHEAL INSTILLATION OF DISPERSED
SILVER NANOPARTICLES IN RATS.

J. R. Roberts1, A. Kenyon1, S. Young1, D. Schwegler-Berry1, V. A. Hackley2, R.
I. MacCuspie2, A. B. Stefaniak1, M. L. Kashon1, B. T. Chen1 and J. M.
Antonini1. 1NIOSH, Morgantown, WV and 2NIST, Gaithersburg, MD.
Silver nanoparticles (Ag NPs) are one of the fastest growing categories of manufactured materials in the nanotechnology industry. Our previous studies showed a
dose-dependent increase in lung injury and inflammation in rats after a single bolus
intratracheal instillation (IT) of 20 nm Ag NPs, persisting for 1 month post-IT at
the highest dose (449 μg/rat) with resolution by 3 months post-IT. The goal of this
study was to characterize pulmonary toxicity of Ag NPs after repeated lower dose
IT of Ag NPs. Primary Ag NPs were 20 nm in diameter with a 0.3% wt
polyvinylpovidone coating (NanoAmor, Inc.). Specific surface area was measured to
be 7.54 ± 0.10 m2/g. Ag NPs were suspended in a dispersion medium (DM, phosphate-buffered saline + 0.6 mg/ml rat serum albumin + 0.01 mg/ml dipalmitoyl
phosphocholine) and sonicated. Aggregate size in DM ranged from ~ 20 to 1000

nm with an average size of 180 nm. On day 0, Sprague-Dawley rats were exposed
1x/wk for 8 wk via IT with 9.35 μg Ag NP, 112 μg Ag NP, or DM alone. Rats were
humanely sacrificed 7, 28, and 84 days following the last IT, the right lung was
lavaged, and the left lung was preserved for pathology analysis. Indices of lung injury (albumin and lactate dehydrogenase) were increased up to 28 days post exposure, and proteins indicative of inflammation and immune response were altered in
the lavage fluid from rats exposed to the high dose. Neutrophils and lymphocytes
recovered by lavage were increased in rats exposed to the high dose at all time points
after treatment, with resolution of the response evident over time. Although some
proteins indicative of inflammation in the lavage fluid of rats exposed to the low
dose were elevated at the early time points post-exposure, there were no significant
increases in lung injury parameters or cellular influx into the lungs of rats in this
group. These data indicate that Ag NPs induce acute pulmonary injury and inflammation that resolves over time, unlike other toxic nanomaterials.
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PULMONARY TOXICITY ASSOCIATED WITH
DIFFERENT ASPECT RATIO SILVER NANOWIRES
AFTER INTRATRACHEAL INSTILLATION IN RATS.

A. Kenyon1, J. M. Antonini1, R. R. Mercer1, D. Schwegler-Berry1, N. M.
Schaeublin2, S. M. Hussain2, S. J. Oldenburg3 and J. R. Roberts1. 1NIOSH,
Morgantown, WV, 2711HPW/RHPB—Air Force Research Labs, Wright-Patterson
AFB, Dayton, OH and 3nanoComposix Inc., San Diego, CA.
Respiratory exposure to nanomaterials with high aspect ratios may potentially induce greater toxicity than a low aspect ratio nanoparticle of similar composition.
Production and use of silver nanomaterials is one of the fastest growing sectors in
nanotechnology. The goal of this study was to characterize lung toxicity of silver
nanowires (AgNWs) of varying lengths in vivo. Two AgNWs samples
(nanoComposix, Inc.) ~ 50 nm in diameter, 4 μm and 20 μm long, were diluted in
dispersion medium (DM; phosphate-buffered saline+0.6 mg/ml rat serum albumin+0.01 mg/ml dipalmitoyl phosphocholine). Male Sprague-Dawley rats were intratracheally-instilled with 10, 50, 125, or 500 μg of AgNWs, 500 μg α-quartz
(positive control), or DM (vehicle control) on day 0. Rats were sacrificed 1, 3, and
10 days post-exposure, the right lungs were lavaged, and the left lungs were preserved for analysis of oxidative stress. Both wire samples caused a dose-dependent
increase in lung injury (lactate dehydrogenase activity and albumin content in
lavage fluid) and inflammation (increased lung neutrophils and phagocyte oxidant
production). Both short and long wires at the 10 μg dose had no effect on lung toxicity. At the 50 and 125 μg doses, the long wires were slightly more potent than the
short wires when comparing increases in lung injury. There was no difference in injury parameters comparing wires at the highest dose. However, at day 10 there was
greater toxicity and less resolution of injury and inflammation in the rats exposed to
125 or 500 μg of short AgNWs compared with the equivalent doses of long
AgNWs. In this study, although the longer wire caused slightly more lung injury
immediately following exposure, the shorter wire induced greater toxicity over the
time course; this finding may be due to greater wire number and surface area in the
short wire sample when comparing samples on an equivalent mass basis.
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ADDRESSING THE TOXICOLOGICAL IMPACTS OF
POLYSTYRENE AND METAL OXIDE NANOPARTICLES
AS CARRIERS OF ENVIRONMENTAL POLLUTANTS.

B. J. Newsome1, 3, T. Dziubla2, B. Hennig3 and L. Bachas4. 1Chemistry, University
of Kentucky, Lexington, KY, 2Chemical and Materials Engineering, University of
Kentucky, Lexington, KY, 3Graduate Center for Nutritional Sciences, University of
Kentucky, Lexington, KY and 4Chemistry, University of Miami, Coral Gables, FL.
Nanoparticles are prevalent in the environment as engine emissions, man-made
nanomaterials, etc., and can be readily found in soil and airborne. With the growing use of nanoparticles in industrial and environmental applications, the toxicological effects of these materials increasingly have come into question.
Nanoparticles are thought to enter cells through active transport mechanisms such
as receptor-mediated endocytosis, which has led to a growing concern over their
long-term health effects.
Polychlorinated biphenyls (PCBs), which are common environmental pollutants,
have well-known toxicology. PCBs can adsorb onto nanoparticles, though, primarily due to hydrophobic effects, and potentially enter cells using nanoparticles as
carriers.
Various environmentally prevalent and/or toxicologically relevant PCBs, including
PCB-77, -118, -126, and -153, were adsorbed onto alumina and polystyrene
nanoparticles, and adsorption was confirmed using GC-MS and energy-dispersive
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X-ray spectroscopy. Dynamic light scattering and transmission electron microscopy
were used to confirm that particles were of a relevant size for entry into cells and cell
viability of A549 lung epithelial cells, MH-S alveolar macrophages, and primary
porcine endothelial cells was subsequently studied to determine if nanoparticlePCB complexes cause increased cytotoxicity as compared to nanoparticles and
PCBs alone. Treatment of MH-S alveolar macrophages with PCB/nanoparticle
complex mixtures causes marked cell viability decrease for both polystyrene and
aluminum oxide nanoparticle carriers, while these complexes result in limited additional epithelial and endothelial cell line toxicity.
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COMPARISON OF SYSTEMIC INFLAMMATION
BETWEEN INTRAVENOUSLY DELIVERED
MULTIWALLED CARBON NANOTUBES AND
GRAPHENE NANOSHEETS.

X. Wang, R. Podila, E. E. Mann and J. M. Brown. Pharmacology & Toxicology,
East Carolina University, Greenville, NC.
Nanotechnology is a rapidly growing industry that has potential applications as
biomedical devices and carriers for drug delivery. Carbon based nanomaterials, such
as multiwalled carbon nanotubes (MWCNTs) and graphene nanosheets (GNS),
have been proposed for these purposes. However, our understanding of potential
toxicity of these carbon based nanomaterials is lacking. We have previously demonstrated that oropharyngeal instillation of MWCNTs in C57BL/6 mice leads to a
Th2 type immune response with increased numbers of inflammatory cells and increased Th2 cytokines in the lung. In this study, we compared MWCNTs (~25 nm
diameter, ~113 m2/g surface area and ~5 wt% Fe catalyst) with GNS (~2 or 5 nm
thickness, ~2630m2/g surface area and no metal catalyst). We hypothesized that intravenous administration of MWCNTs but not GNS would result in a systemic inflammatory Th2 response due to differences in physicochemical properties. We intravenously administered 0.01, 0.1, and 1 mg/kg MWCNTs or 1 mg/kg GNS and
measured spleen weight, inflammatory cell recruitment, CD4+ T lymphocytes and
Th2 cytokines in lung and spleen at 24hr and 7d following injection. We observed
an increase in spleen weight in GNS administrated groups but not in MWCNTs
groups. CD4+ T lymphocytes were increased in the spleen of MWCNTs groups at
24hr and 7d following injection, while an increase in CD4+ T lymphocytes following GNS administration was only observed at 7d. In addition, we found increased
lymphocyte numbers in lung lavage fluid in all animals injected with MWCNTs or
GNS. The increase in lymphocytes following administration of MWCNTs was associated with increased expression of IL-13 and IL-33. In conclusion, the use of
MWNCTs and GNS as nano-carriers for drug delivery may result in potential adverse effects. Therefore, additional modifications to these materials may be warranted before their routine use as drug delivery systems. This work supported by
NIH RO1 ES019311 (JMB).
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IN VITRO CYTOTOXICITY OF SILVER
NANOMATERIALS IN MURINE MACROPHAGES.

T. D. Green1, A. E. Badawy2, T. Tolaymat3 and D. J. Thomas1. 1ISTD, US EPA,
Research Triangle Park, NC, 2Department Civil & Environmental Engineering,
University of Cincinnati, Cincinnati, OH and 3LRPCD, US EPA, Cincinnati, OH.
Silver nanomaterials are increasingly used as antimicrobial agents in a variety of
products. Although there is considerable potential for human exposure to these
nanomaterials, little is known about the health risks associated with their use.
Macrophages are prominent immune cells that clear pathogens, cellular debris, and
foreign particles during inflammatory responses. As phagocytes, macrophages
might readily ingest silver nanoparticles. The cytotoxic effects of short-term exposure to ionic silver (silver nitrate) was compared to PVP-coated silver nanoparticles
(median hydrodynamic diameter = 13 nm) using an in vitro cytotoxicity assay that
measured reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) in murine macrophage J774A.1 cell line. Cells were exposed to ionic
silver or PVP-coated silver nanoparticles for up to 24 hours before assessment of
cellular status. Both ionic silver and PVP-coated silver nanoparticles diminished
MTT reduction capacity of J774A.1 cells with 50% reductions in activity seen in
the low parts per million of silver concentration range. Given that cytotoxic responses were similar after exposure to ionic silver and nanosilver, it is likely that the
kinetics of silver uptake and accumulation were similar in both exposure scenarios.
However, characterization of the kinetic behavior of silver in macrophages exposed
to ionic silver or silver nanoparticles is still needed to elucidate the dose-response relationships for these two forms of silver as cytotoxicants. (This abstract does not reflect the policies of the US EPA).
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HYPERTHERMIA-INDUCED CANCER CELL DEATH BY
TARGETED MAGNETIC NANOPARTICLES.

F. Mohammad1, 2, A. C. Raghavamenon1, C. Kumar2 and R. M. Uppu1.
1Environmental Toxicology, Southern University, Baton Rouge, LA and 2CAMD,
Louisiana State University, Baton Rouge, LA.
Magnetic nanoparticle (MNP)-based hyperthermia offers an efficient method of
heat delivery for selective killing of tumor cells. Binding of luteinizing hormone-releasing hormone (LHRH) to MNPs such as superparamagnetic iron oxide
nanoparticles (SPIONs) coated with gold (SPIONs@Au) can have additional advantages in terms of targeted delivery of MNPs to tumor cells of the reproductive
system, particularly those that express the receptors for LHRH. To understand the
effects of hyperthermia generated in situ, we synthesized LHRH bound to
SPIONs@Au (SPIONs@Au-LHRH; linker: cysteamine) and exposed them to
LHRH receptor over-expressing non-cancerous (murine GT1-7 hypothalamic neurons) and cancerous (human LnCap prostate carcinoma) cells. When exposed to
SPIONs@Au-LHRH (25-500 μg/mL) for 24 h, there was no significant decrease
in the viability of the two cell types. However, when cells were pretreated with
SPIONs@Au-LHRH (25-500 μg/mL) for 24 h and then exposed to a magnetic
field of 44 Hz for 15 min for LnCap cells or 44 Hz for 2x15 min for GT1-7 neurons, both cell types showed a significant increase in cell death. The cell death in
GT1-7 neurons appeared to be late apoptosis or early necrosis, while necrosis was
prominent in LnCap cells. LnCap cells exposed to 44 Hz for 15 min had a significant drop in mitochondrial transmembrane potential (ΔΨm); however, no such
change in ΔΨm was evident in GT1-7 neurons. In LnCap cells, but not GT1-7
neurons, the cell death was found to be mediated through the caspase-3-pathway.
There was an increased expression of heat-shock protein-70 (HSP-70) in GT1-7
neurons but not in LnCap cells. Based on differences in ΔΨm, caspase-3 activity
and HSP-70 expression, we believe that LaCap cells are more susceptible to the
heat-induced destruction. These findings are new and important and advance our
understanding of targeted MNPs for useful therapeutic applications. [Funding support from NSF (HRD1043316) and the US Department of Education
(PO31B040030) is acknowledged. *Corresponding author: rao_uppu@subr.edu].
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GRAPHENE PHYTOTOXICITY IN THE SEEDLING
STAGE OF CABBAGE, TOMATO, RED SPINACH, AND
LETTUCE.

P. Begum, R. Ikhtiari and B. Fugetsu. Hokkaido University, Sapporo, Hokkaido,
Japan. Sponsor: B. Fugetsu.
Graphene, the most recently discovered carbon allotrope, is a two-dimensional
building block of atomic thickness that can be stacked into three-dimensional
graphite, rolled into one-dimensional nanotubes, or wrapped into zero-dimensional fullerenes. The effects of graphene on root and shoot growth, biomass, shape,
cell death, and reactive oxygen species (ROS) of cabbage, tomato, red spinach, and
lettuce, were investigated using a concentration range from 500 to 2000 mg/L. The
results of the combined morphological and physiological analyses indicate that after
20 days of exposure under our experimental conditions, graphene significantly inhibited plant growth and biomass compared to a control. The number and size of
leaves of the graphene-treated plants were reduced in a dose-dependent manner.
Significant effects also were detected showing a concentration-dependent increase
in ROS and cell death as well as visible symptoms of necrotic lesions, indicating
graphene-induced adverse effects on cabbage, tomato, and red spinach mediated by
oxidative stress necrosis. Little or no significant toxic effect was observed with lettuce seedlings under the same conditions. The potential effect of graphene largely
depends on dose, exposure time, and plant species and deserves further attention.
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SUBACUTE AND SUBCHRONIC INHALATION
TOXICITY AND DERMAL ABSORPTION OF THE
NANOSCALED ZINC OXIDE Z-COTE® HP1 IN THE
RAT.

O. H. Creutzenberg1, C. Ziemann1, T. Hansen1, H. Ernst2, D. Schaudien2, S.
Schuchardt1, K. Wiench3 and B. Bellmann1. 1Inhalation Toxicology, Fraunhofer
ITEM, Hannover, Lower Saxony, Germany, 2Histopathology, Fraunhofer ITEM,
Hannover, Lower Saxony, Germany and 3Regulatory Toxicology Chemicals, BASF SE,
Ludwigshafen, Rhineland-Palatinate, Germany. Sponsor: C. Dasenbrock.
This investigation on ZnO nanoparticles was conducted at Fraunhofer ITEM as
the European Chemical Industry Council (CEFIC)-funded contribution to the
OECD Sponsorship Programme for the Testing of Manufactured Nanomaterials. A

14-day and a subsequent 90-day nose-only inhalation test were conducted with the
nanoscaled test item Z-COTE® HP1 and a microscaled reference ZnO. OECD
guidelines 412 and 413 were expanded by additional endpoints addressing
nanoparticle-specific toxicity: i.) bronchoalveolar lavage (BAL) to analyse cytokine
release and inflammation; ii.) chemical analysis to follow toxicokinetics of the test
item (retention and TEM in lungs and various organs; solubility in physiological
fluids); iii.) genotoxicity: micronucleus test (MN), 8-OH-dG in lung tissue; iv.) cell
proliferation (Br-dU). After inhalative uptake and phagocytosis Z-COTE® HP1
shows a rapid dissolution under acid conditions in lysosomes and thus has no potential to accumulate in lungs. Chemical toxicokinetics resulted in very small Zn
amounts detectable in lungs only 1 day after end of exposure, TEM analysis on particles was negative. Lung toxicity was characterized by an acute inflammation in the
high dose group that showed a rapid and complete recovery within 14/28 days
(BAL). Histopathological examination revealed a slight degeneration of the olfactory epithelium as the only adverse effect. MN test and 8-OH-dG analysis were
negative. The NOAEL values derived from these 14-day and 90-day inhalation
tests were 2 and 1.5 mg/m3, respectively. Microscaled ZnO showed tendencially
stronger effects than Z-COTE® HP1, probably because of the longer dissolution
time needed. In a dermal absorption test in rats (OECD guideline 427) Z-COTE®
HP1 was treated by neutron activation to use the Zn-65 gamma tag for a highly
sensitive analysis. Zn-65-Z-COTE® HP1 particles or Zn-65 ions were not absorbed via skin.
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INVESTIGATION OF NANOZEOLITES CYTOTOXICITY.

D. H. Napierska1, L. C. Thomassen2, D. Dinsdale3, D. Lison4, C. E.
Kirschhock2, J. A. Martens2 and P. H. Hoet1. 1Unit for Lung Toxicology,
K.U.Leuven, Leuven, Belgium, 2Center for Surface Chemistry & Catalysis,
K.U.Leuven, Leuven, Belgium, 3Toxicology Unit, MRC, Leicester, United Kingdom
and 4Louvain Centre for Toxicology and Applied Pharmacology, Catholic University of
Louvain, Brussels, Belgium.
Nanosized zeolite particles are important materials for many applications in the
field of nanotechnology. The possible adverse effects of these nanomaterials on
human health have been scarcely investigated and remain largely unknown. In this
study, nanozeolites Y and A have been synthesized with particle sizes of 25-50 nm
and 45-100 nm, respectively. Adequate colloidal stability for in vitro cytotoxicity
experiments has been confirmed. The cytotoxic response of human macrophages
(differentiated THP-1), epithelial (A549) and endothelial (EA.hy926) cells to these
nanocrystals was assessed in the absence and presence of fetal calf serum (FCS) by
determining mitochondrial activity (MTT assay) and cell membrane integrity
(LDH leakage assay). After 24h of exposure, no significant cytotoxic activity was
detected for both nanozeolites at doses up to 500 μg/ml, in the presence of FCS or
not. Compared to 60 nm amorphous silica nanoparticles, these crystalline nanozeolites-induced only limited toxicity despite an approximately 10-fold greater specific surface area. Low cytotoxic responses were consistent with the absence of intracellular particles in both epithelial and endothelial cells, as confirmed by TEM.
In THP-1 cells, consistent with their phagocytic activity, a limited number of intracellular particles was detected by TEM. Addition of FCS in the cell culture media
during exposure to nanozeolites did not increase particle uptake by any cell type.
These results may contribute to the application of safe nanozeolites for purposes
such as medical imaging, sensing materials, low-k films and molecular separation
processes. Work was partially financed by the Belgian Ministry of Scientific Policy
in the frame of S2NANO project (contract number SD/HE/02A).
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MEASUREMENT OF DIAMETER OF DIFFERENT
NANOPARTICLE AGGLOMERATES AFTER CONTACT
WITH A549 CELLS REVEALED DIFFERENT SIZE
BEHAVIOR.

D. Schaudien, J. Knebel, S. Rittinghausen and O. Creutzenberg. Fraunhofer
Institute for Toxicology and Experimental Medicine, Hannover, Germany. Sponsor: C.
Dasenbrock.
Nanomaterials and nanoparticles are gaining more and more importance in science,
technology, and medicine. However, increasing usage and distribution of these materials may cause a potentially higher health risk. Additionally, the toxicity of
nanoparticles is depending not only on the size of the primary particles but also on
the size of their agglomerates. Consequently, studies are needed to examine the behavior and fate of nanoparticles in terms of their dimensions after they have gotten
in contact with target cells. Therefore this study focused on the investigation of
changes in the size of various commercially available nanoparticles such as TiO2

P25, TiO2 T805, Printex® 90, and a ZnO with particles smaller than 50 nm after
applying them in-vitro to the human lung cell line A549. Cells were treated with a
particle concentration of 1000 ng/cm2 using an air-liquid interface culture.
Following an one hour or 24 hours treatment, cells were processed for electron microscopical investigation and diameters of agglomerates were measured.
After one hour particles were predominantly found attached to the cellular surface
whereas 24 hours later most particles were seen intracellularly. Comparing the diameter of the agglomerates after one and 24 hours, TiO2 P25 showed a tendency to
increase, whereas ZnO<50nm particles decreased in size. In contrast, TiO2 T805
and Printex® 90 remained at the same size.
This study showed that several nanoparticles behaved quite differently in terms of
their size after having direct contact with cells. This might influence their translocation in the body as well as their toxicological potency.
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SUSPENSION OF MWCNT FOR TOXICOLOGICAL IN
VIVO AND IN VITRO STUDIES.

U. Heinrich1, A. Schlichting1, C. Ziemann1, S. Seyock1, D. Haase2, A.
Leonhardt2 and B. Bellmann1. 1Fraunhofer Institute for Toxicology and
Experimental Medicine, Hannover, Germany and 2Leibniz Institute for Solid State
and Materials Research Dresden, Dresden, Germany. Sponsor: C. Dasenbrock.
Multiwall Carbon nanotubes (MWCNT) are discussed to exhibit a fiber-like toxicological potential. For this reason, potential adverse biological effects in vivo (rat)
and in vitro (MeT-5A human mesothelial cells) of MWCNT are investigated in a
project, funded by the Federal Ministry of Education and Research (BMBF contract No. 03X0109A), in which MWCNT data will finally be compared with long
amosite asbestos as positive control and more particle-like carbon material
(Baytubes® and milled MWCNT).
Method: It is hypothesized that only well dispersed MWCNT with a certain fiber
length are able to induce mesothelioma. To examine this hypothesis, it is crucial to
develop appropriate dispersion methods for MWCNT in a lung-like milieu and to
produce and compare MWCNT with different length and diameter characteristics.
To reach the planned CNT characteristic (1: mean length 5-10 μm, D»40 nm; 2:
mean length 10-20 μm, D»40 nm; 3: mean length 5-10 μm, D»60 nm) different
custom-made MWCNT were synthesized and a dispersion method, using artificial
lung medium (Porter et al. 2008) and sonication twice for 5 min with a sonotrode
was developed and optimized to enable separation of individual MWCNT fibers.
Suspension and MWCNT size distribution were monitored by SEM.
Results: In the present project, it was possible to produce MWCNT with the desired characteristics. The optimized suspension method enabled separation of both
MWCNT and long amosite asbestos fibers, but not of Baytubes®. However, for in
vitro use dispersion had to be modified, because of some cytotoxicity of the artificial lung medium. Conclusion: These suspensions with custom-made MWCNT
will now be used to investigate lung retention, translocation to the pleural cavity
after a nose-only inhalation, and their potential carcinogenic effect after i.p. injection. For in vivo/in vitro correlation influence of MWCNT on cell viability, proliferation, and DNA-integrity in MeT-5A cells are investigated.
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A DYNAMIC COCULTURE MODEL RESEMBLING THE
ALVEOLO-CAPILLARY BARRIER TO STUDY TOXICITY
AND TRANSLOCATION OF NANOPARTICLES.

K. Luyts, B. Nemery and P. H. Hoet. Unit for Lung Toxicology, K.U.Leuven,
Leuven, Belgium.
In order to study the toxic effects and translocation of nanoparticles (NPs) from the
lung to the systemic circulation, we created a coculture model resembling the alveolo-capillary barrier via cellular interactions between monocytes, epithelial and endothelialcells. The human pulmonary epithelial 16HBE14o- cell line (16HBE) and
human umbilical vein endothelial cells (HUVEC) were seeded on opposite sides of
a permeable membrane support. Five days after seeding, the bi-culture reaches a
maximum transepithelial electrical resistance (TEER) of 824.18 ± 90.79 Ω.cm2,
which is significantly higher compared to the 16HBE monolayer (522.97 ± 59.96
Ω.cm2), while the HUVEC monolayers do not produce TEER. The presence of
tight junctions was confirmed by electron microscopy. On the fifth day in culture,
monocytes (THP-1) or macrophages (PMA-activated THP-1 cells), in a ratio of 1
to 10 16HBE cells, or conditioned medium of monocytes or macrophages was
added to bi-cultures. After 24 hours, TEER was significantly decreased in the triculture with macrophages (37.79 ± 2.53 % of baseline), but increased with conditioned medium of monocytes (152.94 ± 5.06 %) compared to the control (110.63
± 1.79 %). Due to the toxicity induced by PMA-activated macrophages we checked
whether monocytes can be activated (to macrophage-like cells) in the presence of
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NPs. Autofluorescence was dose-dependently increased by silica NPs to values
equal or higher than macrophages. Moreover, the appearance of activated monocytes resembled that of macrophages under the light microscope. The results indicate a tight epithelial barrier and the presence of endothelial cells in the model accounts for significantly higher TEER values compared to the 16HBE monolayer.
The ability of monocyte activation by exogenous substances completes the model
and makes it suitable to study the effects of NP (and other substances) on the alveolo-capillary barrier. EU-FP7: ENPRA; FWO:F.OS47.08 and IWT (agentschap
voor Innovatie door Wetenschap en Technologie) Ref 101061
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DETERMINATION OF ENDOTOXIN
CONCENTRATION BY DIFFERENT TEST METHODS:
INFLUENCE OF SAMPLE PREPARATION AND
PARTICLE INTERFERENCE ON TEST RELIABILITY.

S. Smulders1, J. Kaiser2, P. Wick2 and P. Hoet1. 1Research Unit for Lung
Toxicology, K.U.Leuven, Leuven, Belgium and 2Empa, Swiss Federal Laboratories for
Materials-Biology Interactions, St. Gallen, Switzerland.
Endotoxins (lipopolysaccharides, LPS) are part of the outer membrane of the cell
wall of gram-negative bacteria. It cannot be excluded that nanomaterials are contaminated with endotoxin during production or handling. Currently, tests based on
limulus amebocyte lysate (LAL) are the assay of choice for the determination of endotoxin.
The aim of our study is to find a convenient in vitro test method to evaluate endotoxin contamination in particle samples.
We assessed the reliability of different LAL assays – gel clot, chromogenic and a
FDA-licensed endotoxin detection system (Endosafe-PTS) – in the presence of
nanoparticles (TiO2, Ag, SiO2 and CaCO3), or after extraction of the endotoxins
as described in the ISO norm 29701. An alternative method, based on Toll-like receptor (TLR) 4 activation was also evaluated.
Our results indicate that the gel clot LAL assay is easily disturbed in the presence of
nanoparticles; and that the endotoxin extraction protocol is not underscoring the
endotoxin contamination in nanoparticle formulations. Chromogenic-based LAL
endotoxin detection systems (chromogenic LAL assay and Endosafe-PTS) were not
significantly perturbed. Furthermore, TLR4 reporter cells proved to be a reliable alternative for measuring endotoxin contamination in nanoparticle formulations, except when the particles showed a high cytotoxic potency.
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CELLULAR EFFECTS OF NANOSILVER IN HUMAN
MACROPHAGES: UPTAKE, OXIDATIVE STRESS, LIPID
ALTERATIONS, AND FUNCTIONAL IMPAIRMENT.

A. Haase1, J. Tentschert1, P. Graf2, A. Mantion3, F. Draude4, H. Jungnickel1, S.
Galla4, J. Plendl5, H. F. Arlinghaus4, A. F. Thünemann3, A. Taubert6 and A.
Luch1. 1German Federal Institute for Risk Assessment (BfR), Berlin, Germany,
2Department of Chemistry, University of Basel, Basel, Switzerland, 3Federal Institute
for Materials Research and Testing (BAM), Berlin, Germany, 4Institute of Physics,
University of Münster, Münster, Germany, 5Department of Veterinary Medicine, Free
University of Berlin, Berlin, Germany and 6Institute of Chemistry, University of
Potsdam, Potsdam, Germany. Sponsor: M. Pallardy.
Silver nanoparticles (SNP) belong to the most commercialized nanoparticles. Here
we monitored the biological effects of SNP of different sizes (20 nm, 40 nm) and
coatings (citrate, peptide) in human macrophages in vitro. We used THP-1 derived
macrophages as a model. The cellular uptake was analyzed by confocal Raman microscopy, TEM or Laser postionization secondary neutral mass spectrometry
(Laser-SNMS). Cellular responses upon SNP treatment were studied by time-offlight secondary ion mass spectrometry (TOF-SIMS) and several biological endpoints were evaluated, i.e., cytotoxicity, protein carbonyl formation and induction
of heme oxygenase-1 (HO-1). Toxicity of SNP was dependent on exposure time,
dose and particle coating. Nanogold proved mainly inert. All kinds of nanoparticles
were efficiently taken up. Aggregates and single particles could be detected
throughout whole cells, including nuclei and lysosomes. With Laser-SNMS we visualized intracellular SNP and with TOF-SIMS we detected significant changes in
the membrane lipid pattern indicating oxidative stress and fluidity changes. We
measured strong induction of HO-1 and formation of protein carbonyls with different time patterns. Each type of SNP induced a characteristic carbonyl pattern as
resolved by 2D gel electrophoresis. SNP but not nanogold significantly affected the
phagocytic activity of macrophages. Some of the particle-mediated effects could be
reversed depending on the time and doses applied. Conclusion: SNP exert adverse
effects in human macrophages already at subcytotoxic doses. Different kinds of
SNP induce distinguishable effects at cellular and biochemical levels.
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PHARMACOKINETICS AND DISTRIBUTION OF
FULLERENE C60 IN FEMALE RATS AND MICE.

S. C. Sumner1, R. W. Snyder1, A. H. Lewin1, J. A. Brown2, C. J. Wingard3 and
T. R. Fennell1. 1Discovery Sciences, RTI International, Research Triangle Park, NC,
2Physiology, East Carolina University, Greenville, NC and 3Pharmacology and
Toxicology, East Carolina University, Greenville, NC.
ENDOTHELIAL CELL CYTOTOXICITY AND
ACTIVATION BY C60, MULTIWALLED CARBON
NANOTUBES AND GRAPHENE NANOSHEETS.

J. M. Brown1, A. Vidanapathirana2, J. E. Pitzer1, R. Podila1, R. W. Snyder3, S.
J. Sumner3, A. H. Lewin3, L. Han3, C. J. Wingard2, X. Lai4, F. A. Witzmann4
and T. R. Fennell3. 1Pharmacology & Toxicology, East Carolina University,
Greenville, NC, 2Physiology, East Carolina University, Greenville, NC, 3Discovery
Sciences, Research Triangle Institute, Research Triangle Park, NC and 4Cellular and
Integrative Physiology, Indiana University School of Medicine, Indianapolis, IN.
The use and production of carbon based nanomaterials such as C60, multiwalled
carbon nanotubes (MWCNTs) and graphene nanosheets (GNS) has significantly
increased due to their versatility in numerous applications thereby raising concern
about adverse impacts on human health. We have previously shown that C60 and
MWCNTs elicit adverse cardiovascular effects in mice and rats including changes
in vascular reactivity. The aim of our study was to compare cytotoxicity and activation of aortic endothelial cells (AECs) following exposure to C60, MWCNTs and
GNS. We hypothesized that differences in physicochemical properties between
C60, MWCNTs and GNS determine endothelial cell toxicity and activation. To
test this hypothesis, we assessed cytotoxicity using an MTS assay, a live/dead cell
flow cytometric assay, LDH levels and cell adhesion. To determine AEC activation,
we examined Ca2+ flux, cellular adhesion molecule expression and inflammatory cytokine production. Minimal cytotoxicity was observed in primary rat and human
AECs treated with 0.1 - 10 μg/cm2 C60, MWCNTs or GNS. However, qPCR revealed increased mRNA expression of Ccl2, ICAM1, VCAM1 and E-Selectin.
Flow cytometric analysis confirmed a time-dependent increase in VCAM1 expression on AECs following MWCNT treatment. Lastly, a label-free quantitative mass
spectrometry proteomic analysis of human AECs treated with MWCNTs identified
moderate but significant expression changes in >100 unique proteins. Our results
suggest that endothelial cell activation may provide a better predictive measure for
in vivo cardiovascular effects associated with nanomaterials. This work was supported by NIH U19 ES019525.
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Important components in estimating risks associated with exposure to nanomaterials include understanding the uptake, distribution, and elimination of nanoparticles. Our project investigates the absorption, distribution, metabolism, and excretion of fullerene C60 and forms of multi-walled carbon nanotubes in nonpregnant,
pregnant, and lactating rats and mice. Our initial studies have focused on female
rats and mice dosed via tail vein injection with an aqueous suspension of [14C]C60
in polyvinylpyrrolidone (PVP). Urine and feces were collected daily, and tissues
were collected at 1 hr, 1 day, 7 days, 14 days, and 30 days after a single i.v. dose.
Tissues were also collected at 14 days following 5 consecutive days of i.v. dosing.
The largest portions of the recovered radioactivity were detected in the liver
(~50%), lung (~15%), and spleen (~ 9%). Similar distribution profiles for each
time-point were determined for female rats and mice administered the single or 5
consecutive doses. Radioactivity levels were above background for many additional
tissues, including blood, lymph nodes, GI tract, pancreas, muscle, reproductive
tract, mammary tissue, fat, heart, and brain. Only a small portion of the radioactivity recovered (<2%) was eliminated in urine and feces over the weekly collection periods. Transmission electron microscopy (TEM) analysis indicated the presence of
electron dense material in lysosomes of Kupffer cells, hepatocytes, and in lung
macrophages. Electron dense material was associated with the surface of lipid bodies in adipose tissue. Subcellular localization of the nanomaterials continues via
TEM, as well as determination of plasma cytokine levels (markers of inflammation), urinary 8-hydroxydeoxyguanosine (marker of oxidative stress), and quantitative whole body autoradiography. (Supported by NIEHS U19ES019525).
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ACTIVATION OF THE NLRP3 INFLAMMASOME
CORRELATES WITH THE PULMONARY BIOACTIVITY
OF MULTIWALLED CARBON NANOTUBES.

T. M. Sager1, 2, M. Wolfarth1, D. Porter1, N. Wu3, R. Hamilton2, A. Holian1
and V. Castranova1. 1Pathology and Physiology Research Branch, NIOSH,
Morgantown, WV, 2Center for Environmental Health Sciences, University of
Montana, Missoula, MT and 3Department of Mechanical and Aerospace Engineering,
West Virginia University, Morgantown, WV.
Nanotechnology is one of the world’s most promising new technologies. In turn,
carbon nanotube production is estimated to reach into the millions of tons within
the decade. In addition, surface modification of carbon nanotubes alters their
charge, functionality, and reactivity; therefore extending their already broad applications. Utilizing two MWCNT samples, two hypotheses were tested in this study.
First, we investigated whether MWCNTs with different surface chemistries exhibit
different bioactivities in vivo. Second, we investigated if differences in bioactivity
were related to activation of the NLRP3 inflammasome. To test these hypotheses,
mice (C57BL/6J) were given 0-40 μg/mouse either bare (BMWCNT) or COOHcoated (FMWCNT) multi-walled carbon nanotubes via pharyngeal aspiration. The
results show the BMWCNT were more bioactive in the lung, causing a more robust
inflammatory and fibrotic response than FMWCNT. The BMWCT also caused
significantly higher levels of the cellular mediators associated with NLRP3 inflammasome activation. Specifically, cathepsin-B activity, IL-1β, IL-18, and IL-33 levels
were significantly higher in BMWCNT than FMWCNT treated mice. In conclusion, this study provides evidence that the NLRP3 inflammasome is activated in
vivo, after pulmonary exposure to MWCNTs, and the severity of the activation differs from BMWCNT to FMWCNT. The results confirm that modification of the
surface of the MWCNT with COOH-groups decreased the bioactivity of the
MWCNT. This difference in bioactivity correlated with the activation of the
NLRP3 inflammasome. Taken together, the results demonstrate that coating the
MWCNT surface, without affecting their intrinsic structure, may constitute a useful strategy for decreasing MWCNT toxicity. This work was supported by NIH
grant RC2-ES01872.
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CARBOXYLATED CARBON NANOTUBES INDUCE
AUTOPHAGY AND APOPTOSIS IN ENDOTHELIAL
CELLS.

M. Orecna1, S. Lacerda1, K. Holada2 and J. Simak1. 1FDA, CBER, Bethesda, MD
and 2First Faculty of Medicine, Charles University of Prague, Institute of Immunology
and Microbiology, Prague, Czech Republic. Sponsor: R. Mitkus.
Carbon nanotubes (CNTs) have profound impact on the development of medical
devices for intravascular use. Therefore, the vascular toxicity of CNTs is a critical
safety issue. Here we investigate effects of carbon nanomaterials on cultured human
umbilical vein endothelial cells (HUVEC). We prepared carboxylated multi-walled
CNTs (M60(COOH)) by refluxing pristine multi-walled CNTs with a 60 nm diameter (M60) in a H2SO4/HNO3 mixture. Electron microscopy revealed that
both M60 and M60(COOH) self-assemble in plasma forming rope-like structures.
The CCK-8 toxicity assay in HUVEC showed that M60(COOH) at 20 μg/mL decreased cell viability to 66±5% in 24 hrs. M60 and fullerenol (C60(OH)24) induced a slight decrease of cell viability to 91±1% and 84±6%, respectively;
fullerene nC60 had no effect. The annexin V/PI flow cytometry showed that
M60(COOH) induced apoptosis in HUVEC. We further investigated HUVEC
autophagy using Premo™ Autophagy Sensor. Laser Scanning Confocal
Microscopy visualized authophagosomes in both M60(COOH) and C60(OH)24
treated cells (20 and 100 μg/mL for 24 hrs). In contrast, nC60 and M60 induced
only a slight or no increase of autophagy, respectively. The results were confirmed
by direct visualization of autophagosomes in the nanomaterial treated cells and
using western blotting with densitometry of LC3B. Finally, we showed that autophagy inhibitor 1 mM 3-methyladenine (3-MA), which does not affect HUVEC
viability alone, significantly enhanced the cytotoxic effect of M60(COOH). In
conclusion, M60(COOH), but not their pristine counterparts induce autophagy in
HUVEC. M60(COOH) are also more potent than M60 to induce HUVEC apoptosis. Autophagy in M60(COOH) treated HUVEC initially plays a cytoprotective
role, however, consequent dysregulation of this process may contribute to the endothelial cell toxicity of CNTs. The findings and conclusions in this study have not
been formally disseminated by the Food and Drug Administration and should not
be construed to represent any Agency determination or policy.
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PULMONARY EXPOSURE TO GRAPHENE OXIDE AND
FULLERENES CAUSES INFLAMMATION AND
MODIFIES THE IMMUNE RESPONSE.

S. C. Stanley1, 2, A. V. Tkach1, M. R. Shurin5, G. V. Shurin5, E. Kisin1, A. R.
Murray1, 2, S. Pareso1, 2, S. Leonard1, S. H. Young1, B. Fadeel3, S. Mathur4, A.
Star5, G. P. Kotchey5, V. Castranova1, V. E. Kagan5 and A. A. Shvedova1, 2.
1Physiology, National Institute of Occupational Safety and Health, Morgantown, WV,
2Physiology, West Virginia University, Morgantown, WV, 3Karolinska Institutet,
Stockholm, Sweden, 4University of Cologne, Cologne, Germany and 5University of
Pittsburgh, Pittsburgh, PA.
Carbonaceous nanoparticles (CNP) have distinctive physical and chemical properties that make them useful in a wide range of applications. As the production of
these particles increases, there is a growing need to explore their potentially harmful
effects due to environmental and occupational exposure. Mounting evidence indicates that toxicological outcomes of CNP exposure may vastly depend on surface
properties, size, shape and functionalization. In the current study, we evaluated pulmonary inflammation and systemic immune responses in mice after pulmonary exposure to structurally different CNP: pristine C60 fullerene; TRIS-functionalized
C60 (C60-TRIS) and graphene oxide (GO). The inflammagenic potential of the
tested CNP was found to be as follows: GO>C60-TRIS>C60, as evidenced by accumulation of PMNs, macrophages and lymphocytes as well as changes in lung
permeability and inflammatory cytokine profiles in the lungs on days 1 and 7 post
exposure. Further, GO and fullerenes were found to induce reactive oxygen species
production by RAW 264.7 macrophages in vitro. To investigate if pulmonary exposure to CNP altered systemic immune reactivity, we tested the proliferative response of spleen T cells of exposed animals. In mice exposed to GO, T cell proliferation was decreased; however, it was increased in fullerene-exposed animals.
Co-incubation of OVA-specific B3Z hybridoma T cells with OVA-loaded dendritic
cells (DC) exposed to GO or fullerenes resulted in altered IL-2 production by B3Z
cells, suggesting that modified T cells responses seen in vivo can be partially attributed to a direct modulation of DC functions by GO. Overall, our study shows the
potential of fullerenes and GO to induce pulmonary inflammation.
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INCREASE IN LUNG NEUTROPHIL AND
MACROPHAGE LEVELS IN RATS EXPOSED TO
INHALED AGGLOMERATED TIO2 NANOPARTICLES.

A. Noel1, Y. Cloutier2, M. Charbonneau3, G. Truchon2 and R. Tardif1.
1Environmental and Occupational Health, University of Montreal, Montreal, QC,
Canada, 2Institut de Recherche Robert-Sauvé en santé et en sécurité du travail,
Montreal, QC, Canada and 3INRS-Institut Armand-Frappier, Université du Québec,
Laval, QC, Canada.
Recruitment of activated immune cells, such as neutrophils and macrophages is involved in the host’s mechanisms of pulmonary defense against particles, whether
nanometric or micrometric. Agglomeration of metal oxide nanoparticles (NP) is an
important phenomenon occurring in aerosol generation, resulting most often in exposures to NP agglomerates exceeding the nanoscale (>100 nm). Thus, consequent
biological responses may not represent the toxicity of NP (<100 nm) but rather that
of micrometric NP agglomerates. The objective of this study was to compare the
pulmonary immune cell response of rats exposed by inhalation to agglomerated
TiO2 NP of different initial size. Three groups of Fisher 344 rats were nose-only exposed for 6 h to an aerosol made of either 5, 10–30 or 50 nm TiO2 NP and sacrificed 16 h after exposure. The control group was exposed to clean air only. A fluidized bed (Model 3400A, TSI Inc.) was used to aerosolize the NP powders. The
average exposure concentrations in the inhalation chamber measured gravimetrically were 19.30, 21.99 and 21.94 mg/m3 and respective median number aerodynamic diameters measured by an electrical low pressure impactor (Dekati) were
369, 255 and 321 nm. Total and differential cell counts were measured in bronchoalveolar lavage fluids. All exposed rats showed a significant (p<0.05) increase in
neutrophils. The total cell count and number of macrophages were also significantly increased (p<0.05) for rats exposed to aerosols made of 10-30 and 50 nm NP.
Exposures to 20 mg/m3 agglomerated (>100 nm) TiO2 NP induced a significant
increase in the number of neutrophils and macrophages in rat lungs in a similar
manner for all three different NP initial size. Overall, this data show that increases
in lung inflammatory cells is associated to the size of NP agglomerates rather than
that of the initial NP.
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ORAL BIOAVAILABILITY OF GOLD NANOPARTICLES
IN MICE: PEG-COATED VS. UNCOATED GOLD
NANOPARTICLES.

G. K. Hinkley1, P. L. Carpinone2, K. W. Powers2 and S. M. Roberts1. 1Center for
Environmental and Human Toxicology, University of Florida, Gainesville, FL and
2Particle Engineering Research Center, University of Florida, Gainesville, FL.
Previous studies suggest that primary particle size is an important determinant of
uptake of nanoparticles (NPs) from the gastrointestinal tract. However, the effective
particle size presented to absorptive surfaces in the gut is dependent upon agglomeration behavior, which is poorly understood in the gastrointestinal environment.
We used PEG-coated and uncoated gold NPs of equivalent size (22 nm) to examine
the influence of agglomeration behavior on oral bioavailability. It was hypothesized
that PEG-coated gold NPs would remain more dispersed, and as a result, be taken
up more extensively compared to uncoated gold particles. PEG-coated gold particles remained as primary particles for over 24 hours in simulated gastric fluid, while
uncoated gold NPs agglomerated within 5 minutes to sizes over 350nm and over
800nm after 2 hours. Fasted female ICR mice were given a single gavage dose of the
PEG-coated or uncoated gold NPs. The presence of primary PEG-coated gold particles in the lumen of the small intestine was confirmed using electron microscopy.
Tissues (blood, brain, heart, lung, spleen, kidney, liver, gall bladder, stomach, small
intestine, cecum, large intestine, urine and feces) were collected at 6 and 24 hours
after dosing, and gold content was measured by ICP-MS. While inter-animal variability was large, animals dosed with the uncoated gold NPs were found to have the
highest gold levels in tissues of the GI tract and feces, indicating minimal particle
uptake. Animals dosed with PEG-coated gold particles were found to have gold in
all tissues, with the highest levels being in the spleen, liver, blood and feces. For
both NP solutions, feces contained the highest gold levels of any tissue. Further investigation is required, however these results suggest that particle agglomeration in
the GI tract following oral administration may be a critical determinant of bioavailability.[Supported in part by the Center for NanoBio Sensors, University of
Florida]

673

A. O. Inman1, J. E. Riviere1, S. J. Oldenburg2 and N. A. Monteiro-Riviere1.
1Center for Chemical Toxicology Research and Pharmacokinetics, North Carolina
State University, Raleigh, NC and 2nanoComposix, San Diego, CA.
Silver nanoparticles (AgNP) are widely used in a variety of consumer products and
biological applications. Intentional and unintentional exposure to AgNP is on the
rise, causing health concerns. The toxicity and cell uptake of citrate BioPure™ Ag,
(19.2nm), and silica-coated Ag, (40.5nm), were studied in human epidermal keratinocytes (HEK). The AgNP was characterized by diluting in cell culture medium
at the highest concentration tested and the size determined by dynamic light scattering at 0, 8, and 24h which increased with time. HEK were exposed to a range of
AgNP from 6.25 to 400μg/ml (n=12 wells per concentration). Citrate Ag caused a
significant increase in viability at 12.5μg/ml and significant decrease at 50, 100,
200, and 400μg/ml, while silica-coated Ag caused a significant increase at
12.5μg/ml and significant decrease at 400μg/ml. NP controls, serial dilutions of
the AgNP in alamar Blue (aB) medium at concentrations and conditions identical
to the viability assay, showed silica-coated Ag interacted with aB dye from 12.5 to
400μg/ml. Normalized IL-8 was significantly greater than control in citrate Ag at
6.25, 12.5, and 50μg/ml and significantly less from 100 to 400μg/ml. For silicacoated Ag, IL-8 was significantly greater at 25μg/ml and significantly less at
400μg/ml. Spiked IL-8 controls showed that NP interactions with the cytokine
assay suppressed the actual IL-8 concentration by 57.3% in citrate Ag and 41.8%
in silica-coated Ag. TEM found agglomerates of electron-dense citrate Ag and silica-coated Ag within cytoplasmic vacuoles of the cells. High concentrations of
AgNP can affect the viability and cytokine data thereby causing inaccurate results,
so data must be critically analyzed to discern the actual effect from NP interaction.
These results show that AgNP do interact with viability and cytokine assays, but
citrate Ag and silica-coated Ag causes cell death at the concentrations tested.
(Supported by NIH RO1 ES016138)
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TOXICITY ASSESSMENT OF EIGHT NANOPARTICLES
IN HUMAN EPIDERMAL KERATINOCYTES.

N. A. Monteiro-Riviere1, A. O. Inman1, S. Mathur2, M. Muhammed3, B.
Fadeel4 and J. E. Riviere1. 1Center for Chemical Toxicology Research and
Pharmacokinetics, North Carolina State University, Raleigh, NC, 2Institute of
Inorganic Chemistry, University of Cologne, Cologne, Germany, 3Department of
Materials Science and Engineering, Royal Institute of Technology, Stockholm, Sweden
and 4Institute of Environmental Medicine, Karolinska Institutet, Stockholm, Sweden.
Nanomaterials may occur in environmental and occupational settings as well as
after topical dosing with cosmetic or pharmaceutical formulations. Eight nanoparticles (NP) of different sizes, shapes, and composition were studied in neonatal
human epidermal keratinocytes (HEK) these include: dextran-coated SPION 1
(10nm) and SPION 2 (10nm), uncoated SPION (11.45nm), vitamin C (VC)
(5.1nm) and gluconic acid (GA) (6.03nm) functionalized Fe3O4, SiO2-coated
Fe2O3 (59.8nm), VC reduced graphene oxide (RGO) (2μm), and hollow carbon
sphere (HCS) (176nm). NP size was characterized by dynamic light scattering and
transmission electron microscopy (TEM). HEK were dosed with each NP for 24h.
No toxicity was noted using the alamar Blue (aB) assay with any NP when compared to appropriate controls. Control experiments showed that SPION 2 and
HCS caused a suppression of aB dye fluorescence at the highest concentration,
while SiO2-Fe2O3 and RGO caused an increase in fluorescence at all concentrations. Interleukin (IL)-8, normalized to viability, was significantly greater than control with uncoated SPION (200 and 400μg/ml), SPION 1 (400μg/ml) SPION 2
(400μg/ml), SiO2-Fe2O3 (10.4-82.8μg/ml), RGO (37.2μg/ml), and HCS
(200μg/ml) and significantly less than control with VC-Fe3O4 (39-156μg/ml) and
GA-Fe3O4 (56 and 112μg/ml). Spiked IL-8 controls showed that the highest concentration of VC-Fe3O4, and GA-Fe3O4 interacted with the cytokine assay to suppress IL-8 thereby underreporting IL-8. TEM depicted agglomerates of each of the
NP within the cytoplasmic vacuoles in HEK. These results demonstrated that the
aB assay depicted no cellular toxicity in these NP concentrations, but some NP induced the production of IL-8. (Supported by NIH RO1 ES016138 and FP7NANOMUNE 214281)

TOXICITY ASSESSMENT OF CITRATE BIOPURE
SILVER AND SILICA-COATED SILVER IN HUMAN SKIN
CELLS.

BIOCHEMICAL AND HISTOPATHOLOGICAL
EVALUATION OF FUNCTIONALIZED SINGLE-WALLED
CARBON NANOTUBES IN SWISS-WEBSTER MICE.

A. Patlolla1, B. McGinnis2 and P. Tchounwou1. 1Jackson State University, Jackson,
MS and 2Dillard University, New Orleans, LA.
With their unique physicochemical properties, single-walled carbon nanotubes
(SWCNTs) have many potential new applications in medicine and industry. A biomedical application of single-wall carbon nanotubes such as drug delivery requires
a fundamental understanding of their fate and toxicological profile after administration. However, the toxicity of SWCNT is barely known when they are introduced into the blood circulation, which is especially vital for their biomedical applications. The aim of this study was to assess the effects, after intraperitoneal
injection, of functionalized SWCNTs (carboxyl groups) on reactive oxygen species
(ROS) induction and various hepatotoxicity markers (ALT, AST, ALP, LPO and
morphology of liver) in the mouse model. We exposed mice to three different concentrations of functionalized SWCNTs and two controls (negative and positive).
Samples were collected twenty four hours after the last treatment following standard protocols. Exposure to carboxylated functionalized SWCNT induced ROS
and enhanced the activities of serum amino-transferases (ALT/AST) and alkaline
phosphatases (ALP) and the concentration of lipid hydroperoxide compared with
control. Histopathology of the exposed liver showed a statistically significant effect
in the morphological alterations of the tissue compared with controls. The cellular
findings reported here do suggest that purified carboxylated functionalized
SWCNT has the potential to induce hepatotoxicity in Swiss-Webster mice through
activation of the mechanisms of oxidative stress, which is of sufficient significance
to warrant in vivo animal exposure studies. However, more studies to clarify the
role of functionalization in the in vivo toxicity of SWCNTs are required and parallel comparison is preferred.

675

THE COMPARISON OF MESOPOROUS SILICA
NANOPARTICLES AND COLLOIDAL SILICA ON
INFLAMMATION AND APOPTOSIS.

S. Lee1, H. Yun2 and S. Kim1. 1Pharmacology, School of Medicine, Kyungpook
National University, Daegu, Republic of Korea and 2Engineering Ceramics Research
Group, Functional Materials Division, Korea Institute of Materials Science (KIMS),
Changwon, Republic of Korea.
Mesoporous silica (MPS), synthesized via the supramolecular polymer templating
method, is one of the most attractive nanomaterials for biomedical applications,
such as drug delivery systems, labeling, and tissue engineering. The significant dif-
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ference between MPS and general silica (colloidal silica) is the pore architectures,
such as specific surface area and pore volume. We first studied the influence of pore
structural conditions of silica nanoparticles on both inflammation and apoptosis, in
vitro and in vivo, by comparing MPS and colloidal silica, and defined underlying
mechanisms of action. The specific surface area of colloidal silica and MPS was different, respectively, while other conditions, including particle size (100 nm) and
shape (spherical), were kept constant. In both MTT assay and FACS analysis, MPS
nanoparticles showed significantly less cytotoxicity and apoptotic cell death than
colloidal silica nanoparticles. MPS nanoparticles induced lower expression of proinflammatory cytokines, such as tumor necrosis factor-α, interleukin (IL)-1β, and
IL-6, in macrophages. The reduced inflammatory response and apoptosis elicited
by MPS nanoparticles were resulting from the reduction of mitogen-activated protein kinases, nuclear factor-κB, and caspase 3. In addition, using the local lymph
node assay, a standalone in vivo method for hazard identification of contact hypersensitivity, we showed that colloidal silica nanoparticles act as an immunogenic sensitizer and induce contact hypersensitivity but not MPS nanoparticles. In conclusion, the pore architecture of silica nanoparticles greatly influences their
biocompatibility and should be carefully designed. The MPS nanoparticles exhibit
better biocompatibility than colloidal silica and promise excellent potential usage in
the field of biomedical and biotechnological applications.

676

THE CYTOTOXIC EFFECT OF ETOPOSIDE AND
DEXAMETHASONE INDIVIDUALLY AND IN
COMBINATION WITH SILVER, GOLD, AND SINGLEWALLED CARBON NANOTUBES ON CANCER CELLS.

D. A. Casciano1, M. Mahmood2, Y. Xu3 and A. S. Biris4. 1Applied Sciences,
University of Arkansas at Little Rock, Little Rock, AR, 2Applied Science, University of
Arkansas at Little Rock, Little Rock, AR, 3University of Arkansas at Little Rock, Little
Rock, AR and 4University of Arkansas at Little Rock, Little Rock, AR.
Our laboratory has been focused on the synthesis and development of various
nanomaterials for the purpose of delivering chemotherapeutic agents to cancer cells
with the intention of selectively killing cancer cells while leaving normal cells intact.
Initially we evaluated the ability of known apoptotic agents, such as dexamethasone
(D) and etoposide (E) individually and in combination with gold and silver
nanoparticles (Au-NPs, Ag-NPs) and single-walled carbon nanotubes (SW-CNTs)
to kill HeLa cells and human pancreatic cancer cells (Panc1). Au-NPs and Ag-NPs
increased D-induced cell death 130% and 62%, SW-CNTs enhanced it 266%.
Etoposide-induced cell death was increased 167% and 131% by Au-NPs and AgNPs, respectively, SW-CNTs induced E-induced cell death by 355%. HPLC analysis of the E-induced effect indicated that SW-CNTs, at non-toxic concentrations,
exacerbated cellular uptake of the anti-cancer agent resulting in the delivery a
higher dose to the cells suggesting that SW-CNTs may serve as an important delivery agent for the treatment of specific cancers.

677

MICELLAR ENCAPSULATED SULFUR DONORS TO
COMBAT CYANIDE INTOXICATION.

B. Winner1, P. Ngo1, M. Negrito1, K. Kovacs1, 2, P. Furedi2, I. Petrikovics1 and
G. Rockwood3. 1Department of Chemistry, Sam Houston State University,
Huntsville, TX, 2Department of Pharmaceutics, Semmelweis University, Budapest,
Hungary and 3US Army Medical Research Institute of Chemical Defense, Aberdeen
Proving Ground, MD.
Cyanide poses a threat to human populations worldwide as a chemical warfare
agent. After penetrating the mitochondrial membrane, it inhibits cytochrome c oxidase in the electron transport chain of cellular respiration, essentially halting the
metabolism of the organism. To combat the cyanide, sulfur donors convert HCN
to thiocyanate, which is less toxic and easily excreted in urine. This study is focused
on new formulation of a sulfur donor (DTO) developed in the U.S. Army Medical
Institute of Chemical Defense. The in vitro characterization of the formulated sulfur donor includes: determination of cyanide conversion efficacy, micellar size, stability, optimal load of sulfur donor in micelle, encapsulation efficiency, and optimization of micellar lipid composition. A GC-MS analytical method (Agilient
7890A/G1701EA GC/MSD, ALS, nonpolar HP5-MS column, port temperature
250 °C, temperature ramp 5 °C/min, EMV voltage 1118) coupled with an extraction method (cyclohexanone with 100 ppm toluene as internal standard) was developed to establish DTO concentrations inside and outside of the micelles. The in
vivo efficacy of the micellar encapsulated DTO was characterized by determining
therapeutic antidotal potency ratios in a mice model, which gave a point of comparison to the current therapy of sodium thiosulfate and sodium nitrite. The PEGPE micelle composition with a micellar load of 5 mg DTO/ml provided a 3xLD50
therapeutic protection when administered intramuscularly. Ongoing studies are focused on other formulations including other micelle compositions for achieving en-

hanced bioavailibity for the test sulfur donor molecules. These studies present
promising results to confirm the potential use of the sulfur donor, DTO, to antagonize cyanide intoxication.

678

THE RESPONSES TO DIFFERENT PARTICLES OF
ALUMINIUM OXIDE IN A549 AND THP-1 CELL.

T. Hirano, Y. Deguchi and S. Kawamura. Sumitomo Chemical Co. Ltd, Osaka,
Japan. Sponsor: T. Yamada.
Background: The increased applications of nanoparticles in various fields of industry raise the concern about toxicological potentiality to human. There are some reports that show the toxicity of nanoparticles depending on many factors including
size, shape, chemical composition, surface area, surface charge and others. We compared the toxicity of size (micro-sized and nano-sized sphere-particles) and shape
(sphere and needle particles) of Al2O3 in cultured cells. In this study, the release of
the cytokines IL-6 or IL-8 and LDH were measured at 4, 24 and 48 hours after
treatment, and cells were incubated at concentrations of 10, 100,1000 and 3000
μg/mL nanoparticles. Human lung carcinoma epithelial cells (A549) and human
acute monocytic leukemia cell line (THP-1) cells were adopted on the assumption
of inhalation exposure. Results: The LDH response to nano-sized needle particles
was more potent than that to nano-sized sphere particles in both cells. On the other
hand, there were no evident differences between nano-seized particles and microsized particles at the induction of IL-6, IL-8 and LDH secretion in the in vitro
models used in this study. Conclusion: This discovery raises the possibility that
Al2O3 has potency to induce LDH secretion in A549 and THP-1 cells depending
on their shape.
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90-DAY INHALATION TOXICITY STUDY IN RATS
WITH CARBON NANOFIBERS: CELL PROLIFERATION
AND HISTOPATHOLOGY ASSESSMENTS
DEMONSTRATE LUNG PARENCHYMAL BUT NOT
PLEURAL OR MESOTHELIAL EFFECTS.

K. L. Reed1, Y. Muro2, S. R. Frame1, M. P. DeLorme1 and D. B. Warheit1.
1DuPont Haskell Lab., Newark, DE and 2Showa Denko K.K., Tokyo, Japan.
Recent studies have reported that pulmonary or intraperitoneal exposures to carbon
nanotubes in rodents have produced pleural or mesothelial effects resembling asbestos exposure. This study investigated the potential adverse pleural effects following a subchronic exposure to VGCF™-H carbon nanofibers (CNF)in male and female SD rats. Groups of rats were exposed nose-only, 6 h/d, 5 d/wk to 0.54, (4.9
f/cc) 2.5 (56 f/cc), or 25 (252 f/cc) mg/m3 VGCF™-H over a 90-day period.
Groups of animals from the high and control group were allowed a 90 day recovery
period to determine the reversibility of effects observed at the end of the exposure
period. Rats were evaluated by standard histopathology, bronchoalveolar lavage and
BrdU cell proliferation (CP) methods in selected regions of the respiratory tract
(i.e., airway, lung parenchymal, subpleural/mesothelial regions). Minimal and
slight inflammation of the terminal bronchiole (TB) and alveolar duct (AD) areas
of the lungs were noted in rats exposed to 2.5 and 25 mg/m3, respectively wherein
fiber-laden alveolar macrophages had accumulated. CNF did not translocate from
sites of alveolar deposition to the mesothelial surfaces but were noted within
macrophages in the distal alveolar duct/subpleural regions. Greater than 90% BALrecovered macrophages from animals exposed to 2.5 and 25 mg/m3 VGCF™-H
contained CNF, while ~60% of macrophages recovered from rats exposed to 0.5
mg/m3 contained CNF. No adverse histopathological effects of the pleural area
were noted. CP studies demonstrated increased (vs. control) BrdU labeling of the
TB, AD and subpleural but not mesothelial areas in male and female rats exposed
only to 25 mg/m3 VGCF™-H. After 3 months of recovery, CP in the AD and
subpleural areas were still increased; however effects in the TB area had reversed.
Therefore, subchronic exposure to VGCF™-H resulted in a pulmonary inflammation that was not associated with adverse effects in the pleural or mesothelial areas.

680

INDOLES ALLEVIATE THE DEVELOPMENT OF
EXPERIMENTAL AUTOIMMUNE
ENCEPHALOMYELITIS (EAE) BY ACTIVATION OF
ARYL HYDROCARBON AND ESTROGEN RECEPTORS
LEADING TO ALTERED MICRO-RNA REGULATION
AND SUPPRESSION OF TH17 ACTIVATION.

M. Rouse, M. Nagarkatti and P. Nagarkatti. University of South Carolina,
Columbia, SC.
Diindolylmethane (DIM) and its precursor, Indole-3-carbinol (I3C) are examples
of dietary indoles and can be found at relatively high levels in cruciferous vegetables. Recent studies have shown that these indoles may possess therapeutic potential
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based on their inhibitory effects on numerous types of cancer. Data also suggested
that DIM and I3C may elicit their effects by acting as ligands for both the aryl hydrocarbon receptor (AhR), similar to 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD), and the estrogen receptor (ER). Based on this, we hypothesized that
DIM and I3C may regulate the immune response through the activation of AhR
and ER to mitigate the development of experimental autoimmune encephalomyelitis (EAE), a murine model of multiple sclerosis (MS). Our results
demonstrated that DIM and I3C treatment in EAE-induced mice not only delayed
the clinical symptoms of paralysis, but also curtailed the overall severity. We observed that treatment with I3C and DIM resulted in a dramatic decrease in infiltrating T-cells in the brain and spinal cord. In several in vivo and in vitro experiments, DIM and I3C primarily targeted activated T cells through interaction with
AhR and ER. Based on miRNA array screening, DIM and I3C treatment in EAEinduced mice led to the upregulation of miR-22, which represses target genes ERalpha and IL-17. Together, these studies demonstrated that indoles may mediate
their effects through mi-RNA regulation to suppress inflammation and EAE development.

681

VITAMIN C RESCUES HYPEROXIA-COMPROMISED
MACROPHAGE PHAGOCYTIC FUNCTION BY
INHIBITING HMGB1 RELEASE.

V. Sampat1 and D. Mantell1, 2. 1St Johns University, Jamaica, NY and 2The Feinstein
Institute for Medical Research, North Shore-LIJ Health Science, Manhasset, NY.
Mechanical ventilation with supraphysiological concentrations of oxygen (hyperoxia) is a life saving intervention in patients with respiratory distress. However, prolonged exposure to hyperoxia is associated with high susceptibility to lung injury
and ventilator associated pneumonia (VAP). Alveolar macrophage (AM) phagocytotic function can be compromised on prolonged hyperoxia. Previous studies in our
lab, have determined that prolonged exposure to hyperoxia leads to HMGB1 release, which can directly impair macrophage’s ability to phagocytose. Excessive
ROS production, under hyperoxic conditions disturbs the ROS/Antioxidant balance system leading to devastation of the antioxidant protection. Ascorbic acid an
antioxidant, exhibits beneficial effect in various diseases mediated by ROS. The aim
of this study was to examine whether Vitamin-C could inhibit hyperoxia-induced
HMGB1 release and improve hyperoxia compromised macrophage function. RAW
264.7 cells (a macrophage like cell line) were exposed to different concentrations of
Vitamin-C prior to 95% O2 exposure for 24h. At the end of 24h: ROS activity,
phagocytosis, HMGB1 release and NF-kB translocation were analysed. We show
here that Vitamin-C inhibited ROS activity and significantly improved hyperoxiacompromised macrophage ability to phagocytose. Vitamin-C also inhibited
HMGB1 release which was associated with inhibition of NF-κB translocation to
nuclei. These data indicate that Vitamin-C is beneficial in rescuing hyperoxia compromised macrophage function by inhibiting hyperoxia-induced HMGB1 release.

682

INHIBITION OF PLATELET AGGREGATION WITH A
SPLEEN TYROSINE KINASE (SYK) INHIBITOR.

D. D. Baker, B. Jeffy, K. Ghoreishi, D. Misner, R. Magpantay and M. Breider.
Exploratory Toxicology, Celgene, Inc., San Diego, CA.
Platelets are a key component in hemostasis. Spleen Tyrosine Kinase (SYK) inhibitors have been shown to inhibit platelet activation through inhibition of
platelet surface receptors. In a repeat-dose SYK inhibitor study in male rats, pathology findings included hemorrhage in multiple tissues, despite normal prothrombin
and partial thromboplastin coagulation times. To identify potential mechanisms of
the hemorrhage, we investigated effects of Syk inhibition on platelet function.
However, the standard platelet inhibition/platelet aggregation assay is normally low
throughput, requires large blood volumes and must be run on specialized equipment. Therfore, we developed a medium throughput, low blood volume standard
kinetic absorbance microplate-based platelet aggregation assay using rat whole
blood. The platelet aggregation assay was validated and optimized with multiple
known platelet activators/ inhibitors and assay conditions with final selection of
thrombin as the standard platelet aggregation agonist and aspirin as the control
platelet inhibitor. For this investigative study, platelets were isolated and plated into
96-well microplates. A five point concentration response curve of the SYK inhibitor
or aspirin was added to the plates and read on an absorbance plate reader taking kinetic reads for 15 minutes at 405 nm with constant shaking. Next, platelet aggregation agonist thrombin was added to the plate and absorbance measurements were
taken as described above with time increased to 30 minutes. Inhibition of platelet
aggregation was indicated by absorbance differentials compared to the thrombin
agonist. The SYK inhibitor resulted in dramatic inhibition of platelet activation
(79%), considerably greater than the positive control aspirin (49%). These results
support the hypothesis that SYK inhibition leading to decreased platelet aggregation contributed to or was a major cause of the hemorrhage observed in the in vivo
rat study.
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SELENIUM DEFICIENCY PROMOTES
PROINFLAMMATORY RESPONSES TO BACTERIAL
ENDOTOXIN.

W. Watson1, T. Burke1 and C. McClain1, 2, 3. 1Department of Medicine/GI,
University of Louisville, Louisville, KY, 2Pharmacology and Toxicology, University of
Louisville, Louisville, KY and 3Louisville VA/Medical Center, Louisville, KY.
Patients with advanced alcoholic liver disease and rodents chronically exposed to
ethanol are selenium deficient and have high levels of hepatic inflammation.
Selenium acts as an antioxidant, but only after it is co-translationally incorporated
into a small number of antioxidant selenoproteins. Recently we showed that the selenium deficiency associated with dietary restriction of selenium resulted in downregulation of the selenoprotein thioredoxin reductase (TrxR) in the livers of rats. In
the present study we tested the hypothesis that selenium deficiency contributes to a
pro-inflammatory environment via alterations in TrxR-dependent inflammatory
signaling pathways. Pro- and anti-inflammatory cytokine production was measured
in a monocyte/macrophage cell line under selenium-deficient and selenium-sufficient conditions. Selenium deficiency was imposed by culturing RAW 264.7 cells
in DMEM supplemented with 10% fetal bovine serum. Although this is a typical
culture medium, it supplies only 5 nM selenium (from the fetal bovine serum).
This concentration is 10-fold lower than physiological levels. Therefore, seleniumsufficient cultures were created by adding 50 nM selenium (as sodium selenite) to
the culture medium. Selenium-sufficient cultures had 50% more TrxR protein and
activity (measured by western blotting and the insulin reduction assay, respectively)
than selenium-deficient cultures. When exposed to bacterial endotoxin (an inflammatory stimulus relevant to the etiology of alcoholic liver disease), both cultures released the pro-inflammatory cytokine TNF-alpha, but the selenium-deficient cells
released much less of the anti-inflammatory cytokine IL-10. Therefore, we propose
that selenium deficiency contributes to a pro-inflammatory environment by inhibiting the expression of anti-inflammatory mediators such as IL-10.

684

INHIBITION OF OSTEOBLASTIC DIFFERENTIATION
BY BROMOPROPANES.

H. Jeong2, Y. Goo2, H. Jeong1, T. Jeong3 and K. Lee2. 1Pharmacy, Chungnam
National University, Daejeon, Republic of Korea, 2Pharmacy, Chonnam National
University, Gwangju, Republic of Korea and 3Pharmacy, Yeungnam University,
Gyeongsan, Republic of Korea.
1-Bromopropane and 2-Bromopropane was introduced as an alternative to ozonedepleting solvents. However, they were found to exhibit neurotoxicity, reproductive
toxicity, and hepatotoxicity in rodents and neurotoxicity in human. However the
influence of bromopropanes on differentiation of osteobalst is unknown. Here we
investigated whether bromopropanes has an inhibitory effect on osteoblastic differentiation using an osteoblastic cell line (C2C12). Bromopropanes inhibited the
bone morphogenetic protein (BMP) 2-induced mRNA levels of alkaline phosphatase (ALP), collagen I α1, osteocalcin (OC) and Runx2, which are specific
markers for osteoblastic differentiation, in a dose-dependent manner. Moreover, the
activities of OC- and ALP-luciferase reporters, which are induced by BMP2, and
the transcriptional activity of Runx2 on OC and ALP promoters were inhibited by
bromopropanes. The amount and activity of ALP induced by BMP2 were also decreased by bromopropanes. These results suggest that bromopropanes have an inhibitory effect on osteoblastic differentiation.

685

POSITIVE REGULATION OF MUCOSAL MICROSOMAL
PROSTAGLANDIN E SYNTHASE 1 BY ACTIVATED
ONCOGENE RHOA GTPASE IN EPITHELIAL
INFLAMMATION AND CARCINOGENESIS.

K. Do, H. Choi and Y. Moon. Laboratory of Systems Mucosal Biomodulation,
Department of Microbiology and Immunology, Pusan National University School of
Medicine and Medical Research Institute, Yangsan, Republic of Korea.
Oncogenic RhoA GTPase has been investigated as a mediator of pro-inflammatory
responses and aggressive carcinogenesis. Among the various targets of RhoA-linked
signals, pro-inflammatory prostaglandin E2 (PGE2), a major prostaglandin
metabolite, was assessed in epithelial cells. RhoA activation increased PGE2 levels
and gene expression of the rate-limiting PGE2 producing enzymes, cyclooxygenase2 and microsomal prostaglandin E synthase 1 (mPGES-1). In particular, human
mPGES-1 was induced by RhoA via transcriptional activation in epithelial cells. To
address the involvement of potent signaling pathways in RhoA-activated mPGES-1
induction, various signaling inhibitors were screened for their effects on mPGES-1
promoter activity. RhoA activation enhanced basal and cytokine-activated nuclear
factor-κB and extracellular signal-regulated kinase1/2 proteins, all of which were
positively involved in RhoA-induced gene expression of mPGES-1. As one potent

down-stream transcription factor of ERK1/2 signals, early growth response gene 1
product also mediated RhoA-induced gene expression of mPGES-1 by enhancing
transcriptional activity. Since oncogene-triggered PGE2 production is a critical
modulator of epithelial tumor cells, RhoA-associated mPGES-1 represents a potential mediator of epithelial inflammation and carcinogenesis in response to chronic
mucosal toxic insults (This study was carried out with the support of National Joint
Agricultural Research Project of RDA (project number 20110301-301-506-00104-00) RDA, Republic of Korea).

686

ACTIVATION OF MUCOSAL EPIDERMAL GROWTH
FACTOR RECEPTOR-LINKED SIGNALS BY INDOOR
INFLAMMAGEN PSEUDOMONAS FLUORESCENS.

H. Choi and Y. Moon. Laboratory of Systems Mucosal Biomodulation, Department
of Microbiology and Immunology, Pusan National University School of Medicine and
Medical Research Institute, Yangsan, Republic of Korea.
Pseudomonas fluorescens is an opportunistic indoor pathogen that can trigger severe
mucosal pro-inflammatory responses. Pulmonary epithelium, like other mucosal
epithelial linings of the body, constitutes the first line of defense against airway microbial inflammagens. Mucosal epithelial cells can be a sentinel of muco-active bacteria via stimulation of specific cell-surface receptors including the epidermal
growth factor receptor (EGFR) and toll like receptor (TLR). The present study addressed the involvement of EGFR in airway epithelial pathogenesis by P. fluorescens. Human A549 pneumocytes showed prolonged production of pro-inflammatory interleukin-8 (IL-8) in response to infection with P. fluorescens, which was
via the nuclear factor-kappa B (NF-κB) signaling pathway. Production of pro-inflammatory cytokine IL-8 was not mediated by P. fluorescens lipopolysaccharide, a
representative TLR4 agonist, but was mediated though EGFR-linked signals activated by the opportunistic bacteria. Moreover, EGFR signals were involved in NFκB signal-mediated production of pro-inflammatory cytokine. Along with persistent NF-κB activation, P. fluorescens enhanced the EGFR phosphorylation and
subsequent activation of downstream mediators including protein kinase B or extracellular-signal-regulated kinases 1/2. Blocking of EGFR-linked signals increased
epithelial susceptibility to pathogen-induced epithelial cell death, suggesting protective roles of EGFR signals. Thus, airway epithelial exposure to P. fluorescens can
trigger anti-apoptotic responses via EGFR and pro-inflammatory responses via
TLR4-independent NF-κB signaling pathway in human pneumocytes. (This work
was supported by the Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Education,
Science and Technology (MEST) (No. 2009-0087028 and No. 2009-0065479)).
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1-BROMOPROPANE INDUCES CYCLOOXYGENASE-2
GENE EXPRESSION IN MURINE MACROPHAGE RAW
264.7 CELLS.

J. Yang1, E. Han1, H. Kim1, J. Choi1, K. Lee2, T. Jeong3 and H. Jeong1.
1Pharmacy, Chungnam National University, Daejeon, Republic of Korea, 2Pharmacy,
Chonnam National University, Gwangju, Republic of Korea and 3Pharmacy,
Yeungnam University, Kyungsan, Republic of Korea.
1-Bromopropane (1-BP) has been used in the workplace as an alternative to ozonedepleting solvents. This study examined the effect of 1-BP on cyclooxygenase-2
(COX-2) expression and analyzed the molecular mechanism of its activity in
murine macrophage RAW 264.7 cells. Exposure to 1-BP markedly enhanced the
production of prostaglandin E2 (PGE2), a major COX-2 metabolite in RAW
264.7 cells. Additionally, 1-BP dose dependently increased the levels of COX-2
mRNA and protein. Moreover, 1-BP enhanced luciferase activity of COX-2 regulation-related transcription factors including nuclear factor κB (NF-κB) and
CCAAT-enhancer binding protein (C/EBP). Phosphoκylation level of PI3K/Akt,
extracellular signal-regulated kinase (ERK) and p38 MAPK phosphorylation were
also significantly activated by 1-BP. These results suggest that 1-BP increases COX2 expression by activation of NF-κB and C/EBP via PI3K/Akt, ERK and p38
MAPK.

688

ACTIVATION OF NICOTINIC PATHWAY INHIBITS
HYPEROXIA-INDUCED HMGB1 RELEASE AND
RESCUES MACROPHAGE PHAGOCYTIC FUNCTION.

R. A. Sitapara1 and L. L. Mantell1, 2. 1Department of Pharmaceutical Sciences, St.
John’s University, Fresh Meadows, NY and 2The Feinstein Institute for Medical
Research, North Shore-LIJ Health Science, Manhhaset, NY.
The vagus nerve, the longest cranial nerve of autonomous nervous system, regulates
the levels of cytokines, including HMGB1, thus modulating inflammatory damage. This modulation is executed through α7 nicotinic acetylcholine receptor

(α7nAChR), a nicotinic anti-inflammatory pathway. Macrophages play a very crucial role in an immune response against invading pathogen. However, exposure to
prolonged hyperoxia compromises their ability to phagocytose bacteria via inducing HMGB1 release into extracellular milieu. The aim of this study was to examine
whether GTS-21, a selective α7nAChR agonist could inhibit hyperoxia-induced
HMGB1 release from RAW 264.7 cells (a macrophage like cell line) and enhance
macrophage function under hyperoxic condition. RAW cells were exposed to different concentrations of GTS-21 prior to exposure to 95% O2. Phagocytosis assay
was performed to determine macrophage function to phagocytose microorganisms.
HMGB1 release was assessed by Western blotting and immunofluroscence analyses. Nuclear factor kappa B (NFΚB) has been shown to modulate endotoxin-induced HMGB1 release. Activation of NFΚB was assessed by its translocation from
cytoplasm to nuclei by immunofluroscence assay. We show here that GTS-21 dose
dependently enhanced macrophage phagocytic function and inhibited HMGB1 release via attenuating hyperoxia-induced NFΚB activation. These results indicate
that GTS-21 is effective in attenuating hyperoxia-induced macrophage dysfunction
via inhibiting HMGB1 release.

689

THE ROLE OF NO AND OXIDATIVE STRESS IN THE
INTRATRACHEAL BLEOMYCIN MODEL OF LUNG
INJURY AND INFLAMMATION.

T. Golden1, 2, J. Shi4, C. Guo2, C. B. Massa1, P. Scott2, S. Tu3, M. Lee3, A. J.
Gow2 and C. S. Yang3. 1Toxicology, Rutgers University, Piscataway, NJ,
2Pharmacology, Rutgers University, Piscataway, NJ, 3Chemical Biology, Rutgers
University, Piscataway, NJ and 4Respiratory Medicine, Fudan University, Shanghai,
China.
Funded by HL086621, ES007148
Pulmonary injury, and its consequent inflammation, has a pronounced effect on
lung function; as determined by its elastance and resistance profiles. However, the
mechanisms relating the effects of inflammation upon lung function remain unclear. In this study the effects of intratracheally-administered bleomycin (ITB)
upon lung inflammation, and its amelioration by γ-tocopherol, were examined at
the molecular and functional level. 10 week old C57/Bl6, wild-type, mice were administered 2 U/kg bleomycin sulfate, or buffered saline as control, and assessed 3
and 8 days post injury. Mice were fed either a control or a 0.3% γ-tocopherol mixture diet from 2 weeks prior to, and throughout, ITB. Lung function was measured
via Forced Oscillation Technique (FOT) at a range of Positive End Expiratory
Pressures (PEEPs). Following functional assessment lungs were lavaged and tissue
harvested for the measurement of inflammatory markers. ITB resulted in pronounced increases to both the low frequency resistance and elastance profiles; these
effects were PEEP-dependent. These changes were accompanied by increases in inflammatory score, via H&E, and expression of biomarkers namely, iNOS and
COX2 by IHC and rt-PCR. γ-tocopherol reduced the functional changes at day 3
but not day 8. However, NO2- and NO3- (markers of NO production), which are
significantly elevated at both time points with ITB, were normalized by γ-tocopherol diet. In accordance with these observations iNOS expression is significantly
reduced by γ-tocopherol, as measured by rt-PCR. These changes confirm the importance of NO in controlling both lung function and inflammation. ITB is a valuable injury model to understand the relationship between pulmonary inflammation
and function and to evaluate the effects of γ-tocopherol.

690

MECHANISM OF ANTHRAX LETHAL TOXININDUCED PULMONARY EDEMA.

U. Kayyali, T. Liu, R. Warburton, M. J. Weiner and J. Wurm.
Medicine/Pulmonary & CC, Tufts Medical Center, Boston, MA.
Anthrax is characterized by the development of severe vascular leak that has been
linked to its lethality. This leak is believed to be mediated by the toxin produced by
the bacillus anthracis bacteria, in particular anthrax lethal toxin (LeTx), which on
its own can reproduce the vascular leak and lethality of anthrax infection. The active component of LeTx, referred to as lethal factor, is a protease which specifically
degrades MAP kinase kinases (MKK). Our research has shown that p38 MAP kinase activation leading to HSP27 phosphorylation plays a role in strengthening the
endothelial permeability barrier. Most recently we have shown that treatment of rat
pulmonary microvascular endothelial cells (RPMEC) with anthrax LeTx increases
endothelial barrier permeability and gap formation between endothelial cells
through disrupting p38 signaling. LeTx treatment increases MKK3b degradation
and in turn decreases p38 activity at baseline as well as after activation of p38 signaling. Consequently LeTx treatment decreases activation of the p38 substrate kinase, MK2, and the phosphorylation of the latter’s substrate, HSP27. LeTx treatment disrupted other signaling pathways leading to suppression of Erk-mediated
signaling, but these effects do not correlate with LeTx-induced barrier compromise.
Overexpressing phosphomimicking (pm)HSP27, which protected the endothelial
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permeability barrier against LeTx, blocked LeTx inactivation of p38 and MK2, but
it did not block MKK3b degradation or Erk inactivation. Injecting LeTx in rats
produced significant pulmonary edema and leak of Evans Blue dye into their alveoli. These effects were ameliorated by treatments that activated the MK2-HSP27
pathway. Our results suggest that LeTx might cause vascular leak through inactivating p38-MK2-HSP27 signaling and that activating HSP27 phosphorylation specifically blocks anthrax LeTx toxicity in cultured cells and in rats.

691

THE ROLE OF COREPRESSOR SPLICE-VARIANTS IN
REGULATING LUNG INFLAMMATION.

C. A. Snyder and M. L. Privalsky. University of California Davis, Davis, CA.
The incidence of inflammatory lung diseases, such as asthma and COPD, is increasing dramatically worldwide. While many theories address the cause of this
phenomenon, the most convincing argument is exposure of the population to inhaled oxidants. Tobacco smoke and many air pollutants cause oxidative stress, a
major player in the inflammatory response. However, the mechanistic connections
between oxidative stress and disease state remain largely unknown. Consequently,
the majority of current treatments for asthma and COPD involve mediating symptoms rather than targeting inflammation. The need for novel therapies and the
mechanistic disconnect between oxidants and disease make further investigation
critically necessary. Emerging evidence indicates an anti-inflammatory role for nuclear receptors (ligand-regulated transcription factors) in lung disease. Some agonists for these receptors seem to mitigate the immune response, and may offer more
specificity and efficacy than current drugs on the market. An accepted model for
the anti-inflammatory effects of nuclear receptor agonists involves the recruitment
of corepressor (CoR) proteins to the promoters of inflammatory genes, and subsequent suppression of the inflammatory response. However, CoRs are subject to alternative mRNA splicing and different isoforms have been shown to possess unique
behaviors. I propose that a subset of CoR splice-variants are particularly effective at
suppressing the inflammatory gene expression caused by inhaled oxidants. Using
immune cells as a model, functional reporter assays reveal differences in the abilities
of CoR isoforms to suppress the inflammatory response. Furthermore, in vitro protein binding assays show preference of inflammatory transcription factors for certain CoR splice-variants over others. These results, in combination with ongoing
chromatin immunoprecipitation experiments and inflammation models in CoR
isoform knockout mice, will determine which CoR isoforms are the best pharmaceutical targets and which nuclear receptor agonists are the best treatments for ameliorating inflammatory lung diseases.
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LC/MS/MS QUANTIFICATION OF PROSTAGLANDIN
D2, E2 AND F2 IN MURINE MACROPHAGE CELL
CULTURE SUPERNATANTS FOLLOWING EXPOSURE
TO LIPOPOLYSACCHARIDE, PSEUDOMONAS
AERUGINOSA, TOLFENAMIC ACID, BETULINIC ACID,
CDODA-ME, 3-DIINDOLYMETHANE 5DIINDOLYMETHANE, OR 12-DIINDOLYMETHANE.

J. Berkbigler1, M. F. Afzali1, G. P. Dooley1, R. A. Slayden2 and W. H.
Hanneman1. 1Department of Environmental and Radiological Health Sciences,
Colorado State University, Fort Collins, CO and 2Department of Microbiology,
Immunology and Pathology, Colorado State University, Fort Collins, CO.
Pseudomonas aeruginosa is a leading cause of nosocomial infections and is one of the
most virulent opportunistic pathogens. Multiple drug resistance (MDR) and its
ubitquitous nature pose a substantial problem in treatment of P. aeruginosa. The
pathogenesis is related to the virulence factors of the bacteria and also the host’s immune response. EP2 receptor -/- mice when infected with P. aeruginosa have shown
an enhanced bacterial clearance compared to wild type mice. It has been postulated
that inhibition of prostaglandins could provide an adjuctive treatment for P. aeruginosa infection. Here we report an LC/MS/MS method that was developed and validated for the extraction and quantitation of prostaglandin E2, D2, and F2 in cell
culture supernatants. Prostaglandins were extracted using Isolute uncapped C18
solid phase cartridges, while UPLC and positive electrospray ionization was used
with MRM tandem mass spectrometry for identification and quantitation. Isotope
dilutions with deuterated standards were used to account for differential loss and
degradation of the analytes, The extraction method was validated with matrix
matched spiked samples at the limits of quantitation for each analyte with recoveries ranging from 71%-137%. As an application for this method, RAW 264.7
murine macrophages were stimulated with 1ug/ml LPS or infected with P. aeruginosa and treated with 3-Diindolymethane (DIM), 5-DIM, 12-DIM, betulinic
acid, CDODA-Me or tolfenamic acid. Prostaglandin production as measured by
LC/MS/MS method was used to evaluate the compounds for their anti-inflammatory effects. 12-DIM, betulinic acid, and tolfenamic acid were found to decrease
production of prostaglandin D2 and E2 induced by LPS and P. aeruginosa infection.
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IDENTIFICATION OF AN OLEATE-SENSITIVE
INTERACTION BETWEEN MITOCHONDRIAL
UNCOUPLING PROTEIN-3 (UCP3) AND Δ3, 5Δ2, 4
DIENOYL-COA ISOMERASE.

C. Dao1, A. Kenaston1, K. Hirasaka2 and E. Mills1. 1Pharmacy, DIvision of
Pharmacology/ Toxicology, University of Texas at Austin College of Pharmacy, Austin,
TX and 2Nutritional Physiology, University of Tokushimi, Tokushimi, Japan.
Mitochondrial uncoupling protein 3 (UCP3) is a member of the highly conserved
subfamily of mitochondrial carriers that regulates the efficiency of skeletal muscle
(SKM) mitochondrial respiration through proton leak. Mounting evidence has implicated UCP3 in the protection of SKM from high fat diet-induced insulin resistance, yet the mechanisms by which UCP3 exerts these protective effects are not
well understood. Δ3,5,Δ2,4 dienoyl-CoA isomerase (DCI) is an “auxiliary” fatty
acid (FA) metabolizing enzyme that permits the complete oxidation of unsaturated
fatty acids with double bonds in the odd position (e.g. oleate), through isomerization of the double bond from odd to even positions along the fatty acid chain.
Although little is known about the physiological function of DCI, it has been postulated to prevent the accumulation of un-metabolizeable unsaturated FA metabolites. Interestingly, DCI exhibits an overlapping protein expression profile with
UCP3 in brown adipose tissue, skeletal muscle, and heart. Using a variety of biochemical approaches, we show that UCP3 interacts with DCI in the mitochondrial
matrix via the central matrix UCP3 loop, and in a manner augmented by the presence of oleate in cells. The data also indicate that the DCI:UCP3 complex functions to metabolize unsaturated fats specifically. Studies to assess the potential importance of the DCI:UCP3 complex in lipid signaling and toxicity will likely yield
valuable insights into the mechanisms of UCP3-regulated fat metabolism and protection from lipotoxicity.

694

LIPOPOLYSACCHARIDE ACTIVATES MICROGLIA
THROUGH NA+ CHANNEL- AND NA+/H+
EXCHANGER-DEPENDENT MECHANISMS.

M. M. Hossain and J. R. Richardson. Department of Environmental and
Occupational Medicine, Robert Wood Johnson Medical School, University of Medicine
and Dentistry of New Jersey, Piscataway, NJ.
Persistent neuroinflammation and microglial activation have been found to play an
integral role in the pathogenesis of many neurological disorders including
Parkinson’s disease (PD). Here, we investigated the role of sodium channels (Na(v))
and Na+/H+ exchangers (NHE) in the activation of microglia like cells (BV-2) after
lipopolysaccharide (LPS) exposure. LPS (10 and 100 ng/ml) caused a rapid doseand time-dependent accumulation of intracellular sodium [(Na+)i] in activated
BV2 cells. Pre-treatment of cells with the Na(v) antagonist tetrodotoxin (TTX,
1μM) completely abolished Na+ influx but was unable to prevent the accumulation
of (Na+)i observed at 6 and 24 hr after LPS exposure. NHE inhibitor cariporide
(1μM) significantly reduced the accumulation of (Na+)i 24 hr after LPS exposure.
LPS significantly decreased the mRNA expression of a number of Na(v) isoforms
by 30-60% at the 6-24 hrs time points, which was prevented by TTX at LPS 10
ng/ml but not at 100 ng/ml. Furthermore, LPS increased the mRNA expression
and protein level of NHE-1 in a dose- and time- dependent manner which was significantly reduced after co-treatment with cariporide. LPS increased TNF-α, IL1α, IL-1β, and IL6 mRNA in a dose- and time-dependent manner. The increased
expression of these cytokines was significantly reduced by NHE inhibition. In addition, increased production of ROS and H2O2, and expression of gp91phox was
also observed following LPS treatment which was significantly reduced by TTX or
the combination of TTX and cariporide. Collectively, these data suggest that downregulation of Na(v) isoforms following LPS exposure may alter intracellular pH
homeostasis, resulting in a compensatory up-regulation of NHE-1. Thus, the upregulation of NHE-1 causes excessive accumulation of [(Na+)i] into BV2 cells,
which may contribute to the inflammatory cascade and neurodegeneration.
Supported by NIH ES015991 and ES005022
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AMELIORATION OF LIPOPOLYSACCHARIDE/DGALACTOSAMINE-INDUCED ACUTE LIVER TOXICITY
BY 3, 3 DIINDOLYLMETHANE, A PLANT-DERIVED
AHR LIGAND.

S. Tomar, P. Nagarkatti and M. Nagarkatti. Pathology, Microbiology and
Immunology, School of Medicine, University of South Carolina, Columbia, SC.
Lipopolysaccharide/D-Galactosamine (LPS/D-GalN) induced acute liver injury is
widely used as an animal model for screening of potential hepatoprotective compounds. The mouse model is characterized by activation of macrophages, upregula-

tion of inflammatory cytokines such as TNFα and IFNγ, infiltration of lymphocytes in the liver leading to tissue damage, increase in alanine aminotransferase
(ALT) levels in sera, all of which lead to high mortality. 3,3 Diindolylmethane
(DIM) is a naturally derived indole compound commonly found in cruciferous
vegetables. It is mostly known for its anti-cancer effects and less is known about its
potential as an immunosuppressant. Because DIM has been shown to act as an aryl
hydrocarbon receptor (AhR) ligand, in the current study, we tested to see if it would
act as an anti-inflammatory agent. To this end, we investigated the potential of
DIM for hepato-protection from LPS/D-GalN-induced liver injury in mice. Pretreatment of mice with DIM reduced the associated mortality by attenuating the
liver damage. DIM treatment also significantly reduced the serum ALT levels and
the levels of inflammatory cytokines TNFα and IFNγ. In addition, DIM treatment
prevented the infiltration of mono-nuclear cells and neutrophils in liver tissues, as
characterized by liver tissue Myeloperoxidase (MPO) activity. Furthermore, DIM
treatment alleviated the tissue injury and inflammation in liver and reduced the
apoptosis in liver tissues, as evaluated by histopathology and TUNEL staining of
liver tissue sections. Mechanisms of suppression in LPS/D-GalN induced liver injury by DIM included a reduction in the activation of T cells, B cells, and
macrophages and a reduction of apoptosis. The results of the current study indicate
that natural AhR ligands such as DIM could be possible therapeutic candidates for
treatment of acute liver injury.

696

THE REGULATION OF ENDOGENOUS ALKALINE
PHOSPHATASE LEVELS IN HEPARG.

N. Kramer1, V. C. Huijgen1, R. Brands1, 2, W. Seinen1, 2 and B. J. Blaauboer1.
1Institute for Risk Assessment Sciences, Utrecht University, Utrecht, Netherlands and
2Alloksys Life Sciences BV, Bunnik, Netherlands.
The enzyme alkaline phosphatase (AP) regulates inflammatory immune responses
by dephosphorylating extracellular nucleotides and lipopolysaccharides (LPS).
Several isoenzymes of AP exist of which the liver type AP is the most abundant tissue non-specific type. Upon a pro-inflammatory stimulus, AP is released from liver
into the circulation and quickly cleared by Kuppfer cells after dephosphorylating
LPS (AP’s mode of action). Clinically, it has been shown that endogenous AP was
induced in open-heart surgery patients treated with a bolus and a subsequent infusion of supplemental AP during surgery, thus reducing the risk of systemic inflammatory response syndrome (SIRS). Placebo-treated patients did not show this endogenous induction of AP. The aim of this study was to develop an in vitro assay to
study the mechanism of AP induction in the liver and its release into the blood
stream after an inflammatory insult. An insight into the mechanism should improve the search for drugs and techniques to prolong the residence time of AP in
the bloodstream of patients with, for example, rheumatism and a high risk of SIRS.
The mRNA expression and activity of AP in the human hepatocarcinoma cell line,
HepaRG, was measured after LPS stimulation under various (co-)culture conditions. Results indicate that exposing HepaRG with the exposure medium of the
monocytic leukemia cell line, THP-1, stimulated by LPS, was enough to induce de
novo synthesis of AP in HepaRG. LPS, by activating the expression of a suite of cytokines, enhanced AP expression in HepaRG. Moreover, bovine AP was rapidly
taken up by the same cells, possibly explaining the attenuation of LPS-induced responses in vivo.

697

SULFORAPHANE RESTORES HISTONE DEACETYLASE
ACTIVITY IN HUMAN EPITHELIAL CELLS EXPOSED
TO CIGARETTE SMOKE RESULTING IN DECREASED
CYTOKINE PRODUCTION.

P. Charley and D. J. Blake. Biology, Fort Lewis College, Durango, CO.
RATIONALE: Chronic obstructive pulmonary disease (COPD) is a major public
health problem and currently the third leading cause of death in the US. Exposure
to cigarette smoke (CS) is the primary factor associated with the development of
COPD. CS exposure leads to oxidative stress in the lungs, which decrease histone
deacetylase (HDAC) activity and promote the expression of pro-inflammatory cytokines. Decreased HDAC activity levels correlate with disease severity and increased cytokine production in COPD patients. Sulforaphane (SFN), a phytochemical found in broccoli, is able to activate nuclear erythroid 2 p45 related
factor-2 (Nrf2), which is a basic leucine zipper transcription factor that regulates
the expression of multiple genes involved in antioxidant and detoxification pathways. We hypothesize that SFN will activate Nrf2-dependent gene expression to increase HDAC activity levels thereby reducing CS-induced cytokine production in
human epithelial cells.

RESULTS: Exposure to cigarette smoke extract (CSE) in BEAS-2B cells significantly decreased HDAC activity levels and concomitantly increased production of
both IL-8 and MCP-1 protein in cell culture supernatants. HDAC activity levels
were restored by activating Nrf2-dependent pathways in BEAS-2B cells with SFN
prior to CSE exposure. Microarray analysis was conducted to determine which
genes may be responsible for the rescue of HDAC activity levels.
CONCLUSIONS: Our results indicate that SFN can restore HDAC activity levels
in human epithelial cells exposed to CSE. However, the cellular mechanisms, by
which HDAC activity and the production of cytokines are altered by SFN treatment, remain to be elucidated. We hypothesize that SFN activates Nrf2-dependent
pathways leading to the inhibition of pro-inflammatory pathways such as NF-κB
or AP-1 possibly through chromatin remodeling of the promoter sequences.
FUNDING SOURCE: Funding for this research was provided by the Byron Dare
Junior Faculty Award and the Faculty Development Grant from Fort Lewis
College.
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PERFLUOROOCTANOIC ACID INDUCES MAST CELLMEDIATED ALLERGIC INFLAMMATION: RELEASE OF
HISTAMINE, INVOLVEMENT OF CALCIUM, CASPASE1, COX-2 AND NUCLEAR FACTOR-κB.

T. Singh and S. Kim. Pharmacology, School of Medicine, Kyungpook National
University, Daegu, Republic of Korea.
Perfluorooctanoic acid (PFOA) has become an increasing concern because of its immune response in immune system, regularly found in the blood of animals and humans worldwide. Effects of PFOA is widely known and studied in the field of toxicology because of its unique physical and chemical characteristics, water and oil
repellency, thermal stability, and surfactant properties. The role of PFOA in the allergic inflammation is not well-known. To further extend the study on PFOA, we
examined mast cell-mediated allergic inflammation by PFOA and studied the possible mechanism of action. PFOA dose dependently increased histamine release and
the release of histamine was mediated by the modulation of intracellular calcium.
In addition, PFOA induced gene expression and secretion of pro-inflammatory cytokines such as tumor necrosis factor (TNF)-α, Interleukin (IL)-1β, IL-6 and IL-8
in human mast cells. The inducing effect of PFOA on these pro-inflammatory cytokines was nuclear factor-κB, p38 and caspase-1 dependent. Furthermore, the activation of cyclooxygenase (COX)-2 by PFOA suggests the involvement of allergic
inflammatory mediators in human mast cells. Our findings provide evidence that
PFOA, the known immunotoxic agent, induces mast cell-derived allergic inflammatory reactions by histamine release and pro-inflammatory cytokine expression.
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TCDD EXACERBATES CONCANAVALIN A–INDUCED
LIVER INJURY AND REVEALS A CRITICAL ROLE FOR
NK CELLS IN A MODEL OF IMMUNE-MEDIATED
LIVER INJURY.

A. M. Fullerton, R. A. Roth and P. E. Ganey. Pharmacology & Toxicology, Center
for Integrative Toxicology, Michigan State University, East Lansing, MI.
For many liver diseases, including viral and autoimmune hepatitis, immune cells
play an important role in the development and progression of liver injury.
Concanavalin A (con A) administration is used as a model of immune-mediated
liver injury resembling autoimmune hepatitis. 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) has been reported to affect the development and severity of some autoimmune diseases. We have shown previously that mice treated with TCDD have an
exacerbated response to administration of a mild dose (6 mg/kg) of con A, resulting
in increased hepatocellular damage. In the present study, we tested the hypothesis
that natural killer (NK) cells and the inflammatory cytokine interferon gamma
(IFNγ) play critical roles in the development of liver injury from TCDD/con A coexposure. Mice were treated on day 0 with TCDD (30 μg/kg) or olive oil (vehicle)
and four days later with either con A or saline. Plasma samples were collected at various times after treatment, and liver injury was assessed from the activity of alanine
aminotransferase in the plasma. Plasma concentration of IFNγ was significantly increased by TCDD/con A treatment, and injury was attenuated in IFNγ KO mice.
After treatment, intrahepatic NK cells were isolated, and cell activation was determined by flow cytometry. TCDD/con A treatment increased the percentage of NK
cells expressing activation marker CD69 and the costimulatory receptor NKG2d,
and they were a significant source of IFNγ. Depletion of NK cells prior to treatment resulted in significant reductions in plasma IFNγ and liver injury from
TCDD/con A treatment. In summary, exposure to TCDD exacerbated the immune-mediated liver injury induced by con A. In addition, our findings suggest
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that NK cells and IFNγ play critical roles in the development of injury in
TCDD/con A treated mice. (Supported by NIH grant ES004911 and T32
ES007255.)

700

REGULATION OF CLASSICAL AND ALTERNATIVE
MACROPHAGE ACTIVATION BY GALECTIN-3 (GAL-3)
FOLLOWING ACETAMINOPHEN (APAP)
INTOXICATION.

A. Dragomir1, R. Sun1, J. D. Laskin2 and D. L. Laskin1. 1Pharmacology and
Toxicology, Rutgers University, Piscataway, NJ and 2University of Medicine and
Dentistry of New Jersey, Robert Wood Johnson Medical School, Piscataway, NJ.
Activated macrophages play a key role in the pathogenic response to toxic doses of
APAP. However, their contribution depends on their phenotype and timing of appearance in the liver. Thus, whereas early on, classically activated macrophages
(CAM) contribute to tissue injury by releasing proininflammatory/cytotoxic mediators, later, alternatively activated macrophages (AAM) suppress inflammation and
initiate tissue repair. We speculated that the β-galactoside binding lectin, Gal-3, is
important in regulating macrophage activation phenotype. Treatment of WT mice
with APAP (300 mg/kg, i.p.) resulted in increases in serum transaminases, beginning within 6 h, and histological evidence of centrilobular necrosis, which persisted
for 24-48 h. This was associated with an influx of proinflammatory Ly6C-positive
macrophages into centrilobular regions of the liver, which were distinct from
F4/80-positive resident macrophages. The appearance of the Ly6C-positive
macrophages correlated with increased hepatic expression of the CAM markers,
iNOS and IL-12, and chemokines CCL3, CCL4, and CCL20. Ly6C-positive
CAM were also found to express Gal-3. Gal-3-/- mice were used to analyze the role
of this protein in macrophage activation. APAP-induced expression of CAM markers and hepatotoxicity were significantly attenuated in Gal-3-/- mice. In contrast, expression of the AAM markers, Ym1 and Fizz-1, and the anti-inflammatory protein,
Gal-1, was increased in Gal-3-/- mice, relative to wild-type mice following APAP intoxication. This was correlated with increased hepatocyte proliferation and expression of proliferating cell nuclear antigen, markers of tissue repair. Taken together,
these data support the idea that classically and alternatively activated macrophages
play distinct roles in tissue injury and repair following APAP intoxication; moreover, Gal-3 is important in promoting a CAM proinflammatory phenotype.
Supported by NIH GM034310, ES004738, CA132624, AR055073 and
ES005022.
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EFFECT OF BACTERIAL-INDUCED PROSTATIC
INFLAMMATION ON CHANGES IN EXTRACELLULAR
MATRIX.

L. Wong1, 2 and W. Bushman2, 1. 1Molecular and Environmental Toxicology,
University of Wisconsin-Madison, Madison, WI and 2Urology, University of
Wisconsin-Madison, Madison, WI.
Introduction: Benign prostatic hyperplasia (BPH) is one of the leading health concerns among aging men in the United States. Men diagnosed with BPH suffer from
lower urinary tract symptoms that significantly reduce the quality of life.
Inflammation is a common feature in BPH and is considered to contribute to its
development and progression. An increase in stromal collagen deposition is also a
major change in BPH and attributes to the changes in prostatic compliance. The
aim of this study is to speculate the effect of prostatic inflammation on collagen
deposition. This study provides implication for the basis leading to BPH and insights into new therapeutic treatments for BPH patients.
Methods: We transurethrally instilled 200ul of 2x106/ml of uropathogenic E-coli
1677 into 8-12 week old C57BL6 male mice to induce acute and chronic inflammation. One side of the paired prostate tissue will be used for analysis of gene expressions. Gene expression level of collagen subtypes (Collagen type I, III, IV, VI)
and matrix metalloproteinases (MMP2, MMP9, MMP13) was evaluated using RTPCR. The other side of the tissue was cut into 6um thickness section to stain with
Hematoxylin & Eosin to evaluate the degree of inflammation and picrosirius red to
examine the collagen content.
Results: We found that prostatic inflammation induced the mRNA expression of
collagen type I and III, MMP2, and MMP9. Picrosirus red staining for collagen
also showed an increase in collagen deposition in the stroma of the dorsalateral
prostate as compared to the saline control. This increased collagen deposition was
localized to the region with severe inflammation.
Conclusion: Our result suggests that bacterial inflammation induces collagen deposition in the prostate. These changes in collagen in prostatic inflammation may be
associated to that observed in BPH, and thus providing implication for the effect of
inflammation in human prostate and insights into the therapeutic treatments for
BPH.
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ATTENUATION OF THE ANGIOGENIC PROPERTIES
OF ENDOTHELIAL CELLS BY INFLAMMATORY
CYTOKINES.

T. L. Palenski1, C. M. Sorenson2 and N. Sheibani1, 3. 1Ophthalmology & Visual
Sciences, University of Wisconsin-Madison, Madison, WI, 2Pediatrics, University of
Wisconsin-Madison, Madison, WI and 3Pharmacology, University of WisconsinMadison, Madison, WI.
Diabetic retinopathy (DR) is a major complication of diabetes afflicting roughly
40% of adults with the disease, with 5-10% developing severe vision-threatening
complications. The basic mechanisms underlying the pathogenesis of DR are
poorly understood. Many studies have demonstrated that increased production of
inflammatory mediators is strongly associated with vascular changes in DR.
However, the source and targets of these inflammatory mediators remain elusive.
The objective of this study was to determine the impact of inflammatory cytokines
TNF-α, IL-1β and MCP-1 on retinal EC function using a variety of assays including viability, apoptosis, proliferation, migration, and capillary morphogenesis. The
expression of endothelial nitric oxide synthase and nitric oxide levels, as well as the
production of various extracellular (ECM) proteins were determined. We also assessed retinal EC adhesion on various ECM proteins, their junctional organization,
VEGF expression, and oxidative stress state after incubation with various inflammatory cytokines. Cell viability and proliferation of retinal EC incubated with
TNF-α, IL-1β or MCP-1 for 24 h was not affected. Incubation with TNF-α and
IL-1β, but not MCP-1, decreased retinal EC migration and their ability to undergo
capillary morphogenesis. Incubation with TNF-α and IL-1β, but not MCP-1, for
48 h resulted in increased production of VEGF, increased oxidative stress, and abnormal junctional localization of VE-cadherin at sites of the cell-cell contact consistent with altered cellular permeability. Together our results demonstrate that the inflammatory cytokines have specific adverse effects on angiogenic properties of
retinal EC which is associated with increased oxidative stress and altered vascular
permeability. Thus, altered production of proinflammatory cytokines during diabetes has a significant impact on retinal vascular function and pathogenesis of DR.

703

PARTICLE EXPOSURES, DEVELOPMENT OF TH2
IMMUNITY, AND MACROPHAGE SUBSETS IN LUNG
FIBROSIS.

C. T. Migliaccio, E. Kobos, V. Porter and A. Holian. Center for Environmental
Health Sciences, University of Montana, Missoula, MT.
Macrophages are a major immune constituent of the lung, where they are the first
line of defense and are instrumental in the clearance of inhaled particulates. Both in
vitro and in vivo experiments have shown that interaction of macrophages with certain particulates (silica, nanomaterials) can have profound effects. Some studies
have focused on cytotoxicity, while others have investigated alterations in functions.
In our silicosis model we have observed death, survival, and expansion of
macrophages. This suggests that either macrophages react differently to the same
particle, or these observations are the result of different types of macrophages. A
growing area of research is the role of macrophage subsets in certain pathologies.
Previous work in our laboratory has described a role for the Th2-associated M2a
subset in the Balb/c model of silicosis. Data further suggests that the insulin-like
growth factor (IGF)-1-Akt pathway plays a role in the survival of a subset of particle-exposed macrophages. In addition to this pathway, other Th2-associated components that appear to contribute to the generation of a fibrotic environment include IL-33 and myeloid suppressors. Because IL-33 is a product of inflammasome
activation and a promoter of Th2 immunity, it represents a candidate for the switch
between the initial particle-induced Th1 inflammation and Th2-guided fibrosis in
these models; while the early rise in IL-4+ myeloid suppressors may induce early
IGF-1 production. These data suggest the contribution of multiple components in
the rise of Th2 immunity following pulmonary exposure to certain particulates and
the generation of a fibrotic environment.
This work is supported by NIH grant RR-017670 and ES015294.
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TUMOR NECROSIS FACTOR-ALPHA POTENTIATES
THE CYTOTOXICITY OF AMIODARONE IN
HEPA1C1C7 CELLS: ROLES OF CASPASE ACTIVATION
AND OXIDATIVE STRESS.

J. Lu1, 3, R. A. Roth2, 3 and P. E. Ganey2, 3. 1Biochemistry and Molecular Biology,
Michigan State University, East Lansing, MI, 2Pharmacology and Toxicology,
Michigan State University, East Lansing, MI and 3Center for Integrative Toxicology,
Michigan State University, East Lansing, MI.
Amiodarone (AMD), a class III antiarrhythmic drug, causes idiosyncratic hepatotoxicity in human patients. We demonstrated previously that tumor necrosis factoralpha (TNF) plays an important role in a rat model of AMD-induced hepatotoxic-

ity under inflammatory stress. In this study, we developed an in vitro model to
study the roles of caspase activation and oxidative stress in TNF potentiation of
AMD cytotoxicity. AMD caused apoptotic cell death in Hepa1c1c7 cells, and TNF
cotreatment potentiated its toxicity. Activation of caspases 9 and 3/7 was observed
in AMD/TNF- cotreated cells, and caspase inhibitors provided minor protection
from cytotoxicity. Cytosolic and mitochondrial reactive oxygen species and lipid
peroxidation were observed after treatment with AMD and were further elevated by
TNF cotreatment. Adding water-soluble antioxidants (trolox, N-acetylcysteine,
glutathione or ascorbate) produced only minor attenuation of AMD/TNF-induced
cytotoxicity and did not influence the effect of AMD alone. On the other hand, αtocopherol prevented AMD toxicity and caused pronounced reduction in cytotoxicity from AMD/TNF cotreatment. α-Tocopherol plus a pan caspase inhibitor completely abolished AMD/TNF-induced cytotoxicity. In summary, activation of
caspases and oxidative stress were observed after AMD/TNF cotreatment, and caspase inhibitors and a lipid-soluble free radical scavenger attenuated AMD/TNF-induced cytotoxicity. (Supported by NIH R01DK061315.)
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MOLECULAR MARKERS AND EVALUATION OF
PHENOTYPIC RESPONSES IN RAW 264.7
MACROPHAGES.

M. Govindraj1, D. Santiago2, 1, C. Guo1 and A. Gow1. 1Pharmacology and
Toxicology, Rutgers University, New Brunswick, NJ and 2Chemistry, Universidad de
Puerto Rico, Rio Piedras, Puerto Rico.
The adoption of alveolar macrophage phenotype, either classical (M1) or alternative (M2) is critical to the balance between inflammation and repair in the lung.
The establishment of a cellular model to examine the mechanisms involved in phenotype adoption would be invaluable. We used RAW 264.7 cells, the M1 activator,
LPS, and the M2 activator, IL-4 to develop a model system to study macrophage
phenotypic adoption. Further we have used this system to examine the role of the
pulmonary collectin Surfactant Protein-D in phenotypic differentiation. Cells were
treated with LPS or IL-4 at varying doses and after 24 hours later evaluated for
morphology, NO production, surface marker expression, gene and protein expression, enzyme activity. Morphologic studies were conducted by microscopy and by
assaying cell volume; NO release was measured as a function of NO2- content in
medium using Sievers NOA; mRNA expression was measured by rt-PCR assaying
for IL1B, NOS2, CCL2, PTGS2, ARG1; iNOS and Arg-1 protein levels were
measured by western blot; Arg-1 enzymatic activity was measured via urea production; surface marker expression of Dectin-1 was analyzed using Flow Cytometry.
mRNA of the M1 markers IL1B, NOS2, and PTGS2 were increased 2600, 200,
and 300 fold respectively by LPS, while being unaltered by IL-4 . LPS increased cell
size by 31% while IL-4 produced only a 19% increase. The Dectin-1 positive population was increased 33% by IL-4 treatment and reduced 50% by LPS. Nitrite assays reveal a dose dependent increase in NO production with LPS but not IL-4.
The innate immune regulator SP-D increases Dectin-1 expression minimally (6%
relative to control), however, S-nitrosylated SP-D reduces Dectin expression by
36%, confirming that SNO-SP-D promotes the adoption of the M1 phenotype.
Our results confirm RAW 264.7 as a viable model of macrophage phenotype in response to treatment with classical activators and a valuable tool to assess the mechanisms involved.
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COMPARISON OF IN VITRO AND IN VIVO CYTOKINE
RESPONSE IN CYNOMOLGUS MONKEYS AFTER
TREATMENT WITH AN ANTI-CD3 MAB.

S. Lavallee, J. Fontaine, R. Falvo, I. Veillette, Y. Tremblay, M. Piche and L.
LeSauteur. Immunology, Charles River Laboratories, Senneville (Montreal), QC,
Canada.
Evaluation of test article-related effects on inflammatory markers requires a good
understanding of the specificity and sensitivity of the various markers available in
preclinical GLP studies. Markers of the inflammatory response includes cytokines,
acute-phase proteins (CRP) and complement factors. In vivo stimulation with an
anti-CD3 mAb was used to evaluate the correlation between release of acute-phase
proteins, cytokines and complement proteins in large animals. Furthermore, use of
in vitro cytokine release assays as predictive tools of in vivo cytokine release was also
evaluated during this study. Animals were administered doses of anti-CD3 mAb by
bolus IV injection. Samples were collected pre and post-treatment for immunophenotyping and for cytokine, complement factor and CRP analysis. For each animal,
whole blood samples were collected pre-treatment and were incubated with each
animal’s expected post-treatment plasmatic concentration of anti-CD3 mAb.
Plasma was then analyzed for cytokines to evaluate if the cytokine release observed
in vitro was predictive of the cytokine release observed in vivo. In most animals,
substantial decrease in lymphocyte counts was observed 24 hours after treatment at
all doses. Lymphocytes were back to baseline level 5 days after anti-CD3 mAb injection. Dose dependant transient increases of TNF-α, IL-10, IL-2, IFN-γ, IL-12,

IL-5, IL-6, G-CSF, IL-1RA, CRP and complement split products Bb and C3a were
observed after treatment. For one mid dose male, these changes correlated with
strong in vitro release of IL-2, IFN-γ, TNF-α and IL-1RA. The anti-CD3 mAb
model was useful to demonstrate that analytical methods were suitably sensitive to
detect biologically relevant changes for all the biomarkers measured in the study.
Data also showed that in vitro cytokine releases assay may be predictive of intensity
of the cytokine release in vitro but not necessarily of the occurrence of cytokine release.
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A SMALL MOLECULE INHIBITOR OF THE TGF-β TYPE
I RECEPTOR SUPPRESSES UVB-INDUCED MOUSE
SKIN CARCINOGENESIS.

A. Ravindran, J. Mohammed, A. Gunderson and A. B. Glick. Molecular
Toxicology and Carcinogenesis, The Pennsylvania State University, State College, PA.
Ultraviolet radiation is a key environmental mutagen and chronic exposure to UVB
is the leading cause of Skin Cancer. Transforming Growth Factor (TGF-β) represents an important immunoregulatory cytokine in the skin microenvironment with
context dependent role in modulating tumor formation and progression. The immune system plays a critical role in containing the toxic damage caused by UVB;
TGF-β has been known to play a key role in the activation and survival of immune
cells. However, the specific role of TGF-β signaling in UVB induced skin cancers is
not clear. To study this interplay between UVB, TGF-β and the immune system,
we performed a UVB carcinogenesis study in Skin Hairless (SKH1) mice in the
presence or absence of SB431542, a small molecule inhibitor of the TGF-β1 type I
receptor. We observed a significant decrease in the number of papillomas with the
inhibition of TGF-β1 pathway and a concomitant decrease in the tumor infiltration and activation status (IFNγ secretion) of CD4 and CD8 lymphocytes. In order
to understand the mechanism of suppression of T cell response by SB431542, we
analyzed the immediate upstream event, antigen presentation by dermal dendritic
cells and langerhans cells. Preliminary data suggests that inhibition of the TGF-β1
pathway with SB431542 suppresses the migration of skin dendritic cell subsets to
the lymph nodes in response to UV irradiation, in turn suppressing the T lymphocyte response. In summary, the TGF-β1 signaling pathway is important for the activation of the inflammatory response to UVB irradiation of the skin, which maybe
mediated through Dendritic cells.

708

EXTRACT OF RIPE FRUITS OF RUBUS COREANUS
INHIBITS MAST CELL-MEDIATED ALLERGIC
INFLAMMATION.

H. Kim and S. Kim. Department of Pharmacology, School of Medicine, Kyungpook
National University, Daegu, Republic of Korea.
In this study, we investigated the effect of water extract of ripe fruits of Rubus coreanus Miq. (Rosaceae) (RFRC) on the mast cell-mediated allergic inflammation and
studied the possible mechanism of action. Mast cell-mediated allergic disease is involved in many diseases such as anaphylaxis, rhinitis, asthma and atopic dermatitis.
RFRC dose dependently inhibited compound 48/80-induced systemic anaphylaxis
and serum histamine release in mice. RFRC reduced the immunoglobulin E-mediated local allergic reaction, passive cutaneous anaphylaxis. RFRC attenuated histamine release from rat peritoneal mast cells and human mast cells by the reduction
of intracellular calcium. RFRC decreased phorbol 12-myristate 13-acetate (PMA)
and calcium ionophore A23187 (PMACI)-stimulated expression and secretion of
pro-inflammatory cytokines in human mast cells. The inhibitory effect of RFRC on
the cytokines production was nuclear factor (NF)-κB and mitogen-activated protein kinase (MAPK) dependent. In addition, RFRC suppressed the activation of
caspase-1. Our findings provide evidence that RFRC inhibits mast cell-derived allergic inflammatory reactions, and the involvement of calcium, NF-κB, MAPKs,
and caspase-1 in these effects. Furthermore, in vivo and in vitro anti-allergic inflammatory effects of RFRC provide affirmative proof that a possible therapeutic
application of this agent in allergic inflammatory diseases.
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WHOLE-MOUNT IMAGE CAPTURE AND ANALYSIS OF
IDIOPATHIC PULMONARY FIBROSIS IN BLEOMYCININDUCED MOUSE MODELS USING MICROCOMPUTED TOMOGRAPHY AND VIRTUAL
HISTOLOGY.

S. X. Vasquez, O. Uitto, B. Schimpf, M. Masner, N. Shah, Y. Liang, B.
Johnston, D. Weinstein and D. Small. Numira Biosciences, Salt Lake City, UT.
Sponsor: W. Morton.
Drug-induced idiopathic pulmonary fibrosis (IPF) is a known adverse side effect associated with regimented bleomycin therapy for remediation of a number of oncologic diseases. Preclinical animal models have been developed for comparative

SOT 2012 ANNUAL MEETING

153

analysis to clinical etiological pathways of IPF, but imaging methods to capture the
heterogeneous fibrotic distribution in whole-mount lung tissue have not been adequately addressed. It is demonstrated here that contrast enhanced micro computed
tomography (microCT) scanning allows for whole-mount imaging and analysis
(Virtual Histology) of IPF in both intratracheal (IT) instillation and subcutaneous
(Sub Q) micropump dosing of bleomycin in mouse models. Virtual Histology is
compared with traditional histological methods including Masson’s trichrome and
modified Ashcroft scoring. The advantages of this non-destructive Virtual
Histology over traditional histology are reviewed. In addition to derivation of exquisite high-resolution planar (2-dimensional) and volumetric (3-dimensional) reformats, computational analysis reveals discreet attenuation curves associated with
naïve, acute (IT), and chronic (Sub Q) dosing methods, facilitating more accurate
assessments of fibrotic lung tissue burden and distribution in preclinical drug development pipelines.

710

HEPATIC METALLOTHIONEIN INCREASES AFTER
EXPERIMENTAL SURGERY: ROLE OF SOME
CYTOKINES AND STRESS HORMONES.

E. M. Brambila, R. Hernández, H. Scott, P. Aguilar-Alonso and B. LeónChavez. Department of Chemical Sciences, Benemerita Universidad Autonoma de
Puebla, Puebla, Puebla, Mexico.
Abdominal surgery as a localized inflammatory model has been used to study the
redistribution plasma/liver zinc redistribution and the induction of hepatic metallothionein (MT) synthesis. In this work we explore the role of inflammatory cytokines and stress hormones on the increases of liver MT in the early stages after an
abdominal surgery in rats. Wistar rats were surgically operated, receiving a 3-cm
ventral incision. Groups of five animals were killed by exsanguinations at 3, 6, 9
and 12h. Blood and liver samples were obtained and stored at -70C. Plasma cytokines (IL-1, -6 and TNF-α) and hormones (adrenaline, noradrenalin and
glucagon) were determined by an ELISA assay. Hepatic MT protein was determined using a cadmium saturation method. Other groups of rats were administered with inhibitors of IL-1 and -6 MT synthesis signaling pathways (A6490,
SB236093 and PDTC) and hormone inhibitors (propranolol and octreotide), previous surgery operation. Hepatic MT protein increased significantly 6h post-surgery and peaked up to fivefold of control animals at 12h. IL-1 and -6 shown increases starting at 3h after surgery, however, TNF-α did not show changes as
compared with the control group. Adrenaline and glucagon shown significantly increases after surgery, increases start in the first hour post-surgery, keeping these levels at the end of the evaluation, meanwhile, noradrenalin show a decrease. Signaling
pathways and hormone inhibitors decreased MT hepatic levels as compared with
the MT levels showed by the animals with surgery. Results obtained shown the role
of IL-1 and -6, adrenaline and glucagon as inducers of MT synthesis in the early
stages of experimental surgical trauma.
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PLUM POLYPHENOLICS AMELIORATE
INFLAMMATION AND METABOLIC ALTERATIONS IN
OBESE ZUCKER RATS.

G. D. Noratto2, 1, S. Y. Simbo3, D. Byrne4 and S. Mertens-Talcott2, 1. 1Veterinary,
Physiology, and Pharmacology, Texas A&M University, College Station, TX,
2Nutrition and Food Science, Texas A&M University, College Station, TX, 3Health
and Kinesiology, Texas A&M University, College Station, TX and 4Horticulture
Sciences, Texas A&M University, College Station, TX.
Obesity is a risk factor leading to inflammation and chronic diseases and epidemiological evidence has demonstrated the protective effects of fruits and vegetables. We
investigated how peach and plum polyphenolics can prevent metabolic disorders in
obese Zucker rats. Experimental groups were feed with peach or plum juice ad libitum, the placebo and lean Zucker groups received same amount of sugars as peach
and plum juices in drinking water. Body weights were recorded every week, and
blood serum was analyzed at baseline and after 11 weeks. Gene expression in heart
tissues was analyzed by RT-PCR. Total polyphenolic content was higher in plum
than in peach juice (1270 vs 430 mg gallic acid equiv./mL). Results showed that at
baseline all parameters were similar among the obese groups and significantly different from the lean group. After two weeks, body weight gain on the plum group
was significantly lower than the peach and placebo groups, and this was correlated
with increased leptin levels in serum (3-fold of placebo). Accordingly, weights of
heart, kidney, and liver were lower in the plum group. Blood serum analysis revealed that peach and plum groups had lower levels of glucose (0.77-fold), triglycerides (0.79-and 0.75-fold), and HDL cholesterol (0.47- and 0.40-fold) than
placebo group. Consumption of peach and plum decreased heart mRNA levels of
TNF-α (to 0.63- and 0.36-fold), and NF-kB (to 0.56- and 0.63-fold) compared to
placebo. However, mRNA levels of the vasoconstrictor angiotensin II type 1 receptor in heart and the protein levels of IL-1β in serum were lower only in the plum
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group (0.7- and 0.58- fold respectively). In conclusion, consumption of plum juice
protected obese Zucker rats against obesity-induced inflammation and metabolic
disorders at higher extent than peach juice and this was due to the higher content of
polyphenolics.
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ODSH ENHANCES BACTERIAL CLEARANCE IN
PSEUDOMONAS AERUGINOSA PNEUMONIA.

J. Wu1, L. Sharma1, R. Sitapara1, V. Patel1, T. P. Kennedy3 and L. L. Mantell1, 2.
1Phamaceutical Science, St.John’s University, Jamaica, NY, 2The Feinstein Institute
for Medical Research, North Shore-LIJ Health Science, Manhasset, NY and
3Pulmonary/Critical Care Medicine, Georgia Health Sciences University, Augusta,
GA.
Nosocomial pneumonia (NP) is one of the most common infectious diseases acquired in hospital and is the leading cause of morbidity and mortality in the intensive care unit (ICU), despite recent advances in antimicrobial therapy.
Pseudomonas aeruginosa (PA) is one of the most common organisms associated
with NP. ODSH, 2-o, 3-o –desulfated heparin, has been shown to exhibit anti-inflammatory properties and can reduce lung injury in sterile inflammation, with a
minimal anticoagulation effect. The objective of this study was to determine
whether ODSH can improve bacterial clearance. C57BL6 mice were randomized
to receive subcutaneous administration of either a series of concentrations of
ODSH or saline twice at 0h and 12h after intranasal inoculation with PA. Mice
were euthanized 24 hr post-infection and lungs and BALF were harvested. Bacterial
load in the lungs and airways were measured by plating serial dilutions of lung homogenate and BALF respectively. Our results show that ODSH significantly improved bacterial clearance in both lungs and airways. These results suggest that
ODSH can effectively enhance the host’s ability to clear bacteria and may provide a
novel therapeutic approach in the treatment of nosocomial pneumonia.
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ODSH IMPROVES PSEUDOMONAS AEURUGINOSAINDUCED LUNG INJURY BY DECREASING
INFILTRATION OF INFLAMMATORY CELLS.

L. K. Sharma1, J. Wu1, R. Sitapara1, V. Patel1, T. Kennedy3 and L. Mantell1, 2.
1Department of Pharmaceutical Sciences, St. John’s University, Jamaica, NY, 2The
Feinstein Institute for Medical Research, North Shore-LIJ Health Science, Manhasset,
NY and 3Pulmonary/Critical Care Medicine, Georgia Health Sciences University,
Augusta, GA.
Nosocomial Pneumonia (NP) or Hospital Acquired Pneumonia (HAP) is associated with infections originated from the hospital borne pathogens. Resistance
against antimicrobial agents is the most common feature of these infections which
results in high mortality rates and greater therapeutic costs. Due to involvement of
multidrug resistance bacteria, alternative or supportive therapies are always required. Heparin, a well-known anticoagulant, has been found to have anti-inflammatory properties independent of anticoagulant property. ODSH, a desulfated heparin, has been proven to have anti-inflammatory properties with minimal
anticoagulation effect. ODSH has been shown to reduce lung injury in sterile inflammation and reducing inflammatory lung damage. Pseudomonas aeruginosa, a
gram negative opportunistic pathogen, is one of the prominent pathogens associated with NP. It has been shown that PA pneumonia increases the secretion of inflammatory cytokines, neutrophil infiltration and subsequent lung damage. In this
study, we sought to find whether ODSH can be effective in reducing lung damage
caused by Pseudomonas aeruginosa. It was found that ODSH reduces lung injury
caused by PA, marked as reduced total protein concentration in the BAL measured
by using BCA Assay. This attenuation in lung injury was accompanied with significantly decreased total airway cell count and neutrophil infiltration in the lungs.
These data indicate that ODSH protects against PA induced lung injury and neutrophil infiltration.
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CYANOBACTERIAL LIPOPOLYSACCHARIDES (LPS)
ELICIT RELEASE OF SUPEROXIDE ANION,
THROMBOXANE B2, AND TUMOR NECROSIS-α FROM
RAT BRAIN MICROGLIA.

J. Murphy1, M. L. Hall1, D. Fehrer2, P. Williams2 and A. M. Mayer1.
1Pharmacology, Midwestern University, Downers Grove, IL and 2Chemistry and
Biochemistry, University of Hawaii at Manoa, Honolulu, HI.
We have recently reported that the cyanobacterium Microcystis aeruginosa
lipopolysaccharide (LPS) elicited classical activation of rat microglia (BMG) in
vitro and concomitant release of superoxide anion, thromboxane B2, cytokines,
chemokines, and matrix metalloproteinase-9 (Toxicological Sciences, 121(1): 63-

72, 2011). The purpose of this study was to determine whether LPS isolated from
the freshwater cyanobacterial species Scytonema javanicum, S. ocellatum, Nostoc sp.,
Anabaena sp., and Hapalosiphon fontinalis (CyaLPS) “classically” activated BMG in
vitro and concomitant release of thromboxane B2 (TXB2), superoxide anion (O2-)
and tumor necrosis factor-α (TNF-α). CyaLPS was isolated by hot phenol/water
extraction. BMG were isolated from neonatal rats, and treated in vitro with 0.1-105
ng/mL CyaLPS for 17 hours at 35.9 °C. TXB2 and TNF-α were determined by
ELISA, O2- by cytochrome C reduction, and lactate dehydrogenase (LDH) by enzyme activity. The study revealed that CyaLPS was cytotoxic to BMG at greater
than 103 ng/mL as shown by concentration-dependent LDH release. Furthermore,
O2- and TNF-α generation were observed at CyaLPS ≥ 0.1 ng/mL and > 103
ng/mL, respectively, while in contrast TXB2 production was variable and observed
at CyaLPS ≥ 10-103 ng/mL. We conclude that CyaLPS classically activated BMG
in our in vitro experimental conditions, thus extending our published findings with
M. aeruginosa LPS to other cyanobacterial species. Our results provide further insight into proinflammatory mediators released by CyaLPS-treated BMG that may
contribute to self-injury and/or neuronal toxicity in vivo. Continued investigation
of CyaLPS chemistry as well as its in vitro immunotoxicology are currently ongoing
in our laboratories. Supported by Midwestern University and the University of
Hawaii at Manoa.
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DOES AFGHANISTAN SAND DUST INHALATION
INFLUENCE MILD BLAST-INDUCED IMMUNE AND
COGNITIVE RESPONSES?

P. Gunasekar, S. Prues, D. Stoffregen, A. James, S. McInturf and A. Osterburg.
Naval Medical Research Unit, Wright-Patterson AFB, Dayton, OH.
Soldiers have significant exposure to particulate matter, including when they are
subjected to a blast injury. Evidence suggests that inhalation of sand induces an inflammatory response in rats, and if borne out, may indicate a potential response in
humans. Additionally, there exists a possibility that inhaled dust containing potentially harmful metals and chemical components may enter the brain and contribute
to blast-trauma induced damage and to the development of neurological disorders.
Identifying relevant blast injury pathogenic pathways and neurobehavioral deficits
is vital for development of mild injury diagnostic biomarkers. In this study, rats
were exposed to shock wave pressure to simulate mild traumatic brain injury
(mTBI) with and without Afghanistan sand pre-exposure by nose inhalation. Prior
to sacrifice, neurobehavioral tests were performed on 7, 14 and 28 days posttrauma animals. MWM tests revealed no significant difference among groups for
amount of time taken to locate the platform. Animals that were exposed to dust
PM alone or with blast did not appear to have learning and memory deficits at all
time points studied. Flow cytometric analysis of splenocytes immunophenotyped
with lymphocyte antibodies demonstrated reduction in activation of cytotoxic and
helper T-cells in blast/sand exposed rats 3 days after trauma. The ratio of cytotoxic
and helper T-cells decreased which indicate the vulnerability of the animals in response to blast/sand dust exposure. At 7 days post injury, significant increases in
numbers of B-cell lymphocytes by sand exposure, blast or both compared to control. However, mTBI or sand alone has no significant influence on cytotoxic T-cells,
helper T-cells and NK cells. Further, blast trauma rats pre-exposed to sand did not
influence or exacerbate B-cell activation or subpopulations of immune cells. Thus,
data on mTBI model demonstrates that some immune cells are potentially modulated at early time points due to neuroinflammatory insult during blast injury in
conjunction with sand dust.
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DEFICIENCY IN CD44S ENHANCES DEXTRAN
SODIUM SULPHATE (DSS)-INDUCED COLITIS AND
INFLAMMATORY TOXICITY IN THE COLON.

I. Altamemi, M. Nagarkatti and P. Nagarkatti. Pathology, Microbiology, and
Immunology, University of South Carolina, School of Medicine, Columbia, SC.
Inflammatory bowel disease (IBD) is a chronic, relapsing and remitting inflammatory condition. CD44 is a widely expressed family of adhesion receptors. The most
common form of CD44, referred to as CD44 standard form (CD44s) does not
contain differentially spliced exons.
The objective of this study is to find out the role of CD44s form on inflammation
associated with dextran sodium sulphate (DSS)-induced colitis in mice. To this
end, CD44s knockout (KO) mice and wildtype C57BL/6 mice were used to induce
colitis with 3%DSS. Survival rates, body weight, extent of tissue damage were assessed. In addition, serum amyloid A (SAA) and inflammatory cytokine IL-6 were
quantitated. Splenic and mesenteric lymph node cells were analyzed for expression
of CD3, CD4, CD8, NK1.1, CD69, and CD19. In addition, CD11b+Gr-1+
MDSCs were also enumerated.
Our current study shows that CD44s KO mice exhibited increased DSS-induced
acute colitis, as reflected by high lethality, weight loss, and histological scores compared to wild type mice. Also, SAA level in CD44s KO mice were higher. In addition, IL-6 showed high levels of expression in CD44s KO DSS-treated group,

whereas undetectable levels were found in other groups. The flow cytometry results
demonstrated that the proportions of MDSCs, CD19+ cells, and activated T cells
(CD3+CD69+) in mesenteric lymph node were higher in CD44sKO DSS-treated
group compared to wild type DSS-treated mice, whereas NKT (CD3+NK1.1+)
cells were lower in CD44sKO DSS-exposed group when compared to wild-type
mice. In conclusion, CD44s deficiency enhances inflammation in the colon
thereby suggesting that targeting CD44 may serve as a novel approach to treat colitis (Supported in part by VA Merit BX001357, NIH grants R01AT006888,
R01ES09098, P01AT003961, and R01ES019313; Iraqi Government).
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PULMONARY PATHOGENICITY OF AMBIENT
PARTICULATE DUST FROM IRAQ MILITARY FIELDS.

N. R. Fix1, D. L. Pack1, L. A. Battelli1, M. W. Barger1, A. J. Kenyon1, T. G.
Meighan1, J. A. Lewis2, D. A. Jackson2, V. Castranova1 and S. S. Leonard1.
1National Institute of Occupational Safety and Health (NIOSH)/CDC, Morgantown,
WV and 2US Army Center for Environmental Health Research, Fort Detrick, MD.
The pathological response in relation to physical/chemical and morphological
properties of ambient particulates from Iraq has become an area of great interest.
This study investigated the role of metal contaminants present in ambient dust in
the induction of pulmonary injury and examined the potential pulmonary risks
from exposure to Iraqi particulate matter. Adult male Sprague-Dawley [Hla(SD)
CVF] rats were dosed via intratracheal instillation (IT) with phosphate buffered
saline (PBS) as control, ambient dust collected from Camp Victory, Iraq (CV), or
NIST SRM1649b U.S. urban particulate matter suspended in PBS at doses of 2.5,
5, or 10 mg/kg/body weight. Responses were then examined at 60, 120, and 150
days post IT. Blood collection via cardiac puncture and bronchoalveolar lavage
(BAL) were performed. Measurement of lactate dehydrogenase (LDH), albumin,
TNF-α, and cell differentials were conducted to access lung damage and inflammation. Differences in lung cell proliferation were examined via BrdU assay.
Histopathological analysis was investigated using Mason’s Trichrome, Alcian Blue
PAS, and H & E grading. The results from the LDH, albumin, and TNF- α
showed no significant differences from control in all exposures. However, a significant difference was found in macrophage and neutrophil response in NIST
(10mg/kg) at 150 days and CV (10 mg/kg) at all exposures compared to control.
CV (5 mg/kg) dose also showed a significant difference in macrophages and neutrophil response at the 150 day time point compared to control. Our results indicate that a high dose of CV and NIST can induce pulmonary inflammation, but to
a lesser degree than a highly fibrogenic particle (Min-U-Sil) at the same time point
and concentration as determined by a previous study.
Opinions, interpretations, conclusions, and recommendations are those of the authors and are not necessarily endorsed by the US Army or NIOSH.
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ASIAN SAND DUST ENHANCES MURINE LUNG
INFLAMMATION CAUSED BY KLEBSIELLA
PNEUMONIAE.

M. He1, 4, T. Ichinose1, S. Yoshida1, S. Yamamoto2, K. Inoue2, H. Takano2, R.
Yanagisawa2, M. Nishikawa3, I. Mori3, G. Sun4 and T. Shibamoto5. 1Department
of Health Sciences, Oita University of Nursing and Health Sciences, Oita, Oita,
Japan, 2Pathophysiology Research Team, National Institute for Environmental Studies,
Tsukuba, Ibaraki, Japan, 3Environmental Chemistry Division, National Institute for
Environmental Studies, Tsukuba, Ibaraki, Japan, 4Department of Environmental
and Occupational Health, College of Public Health, China Medical University,
Shenyang, Liaoning, China and 5Department of Environmental Toxicology, University
of California Davis, Davis, CA. Sponsor: Y. Sun.
Concomitant inhalation of Asian sand dust (ASD) and pathogen may result in exacerbation of pneumonia by the pathogen. The exacerbating effect of ASD on
pneumonia induced by Klebsiella Pneumoniae (KP) was investigated in ICR mice.
The organic substances adsorbed onto ASD collected from the atmosphere of Ikiisland in Japan were excluded by heat treatment at 360°C for 30 min. ICR mice
were instilled intratracheally with ASD at doses of 0.05 mg or 0.2 mg/mouse four
times at 2-week intervals and were administrated with ASD in presence or absence
of KP at the last intratracheal instillation. Pathologically, ASD caused exacerbation
of pneumonia by KP as shown by increased inflammatory cells within the bronchiolar and the alveolar compartments. ASD enhanced dose dependently neutrophil
number and expression of cytokines (IL-1β, IL-6, IL-12, IFN-γ, TNF-α,) and
chemokines (KC, MCP-1, MIP-1α) in BALF related to KP. In an in vitro study
using RAW264.7 cells, the treatment of ASD and KP increased gene expression of
IL-6, IFN-β, TNF-α, KC, MCP-1 and MIP-1α and tend to increase the protein
level of IL-1β, TNF-α, MCP-1 and MIP-1α in culture medium compared with
each alone treatment. The combined treatment tends to increase the gene expression of Toll-like receptor 2 (TLR2), and NALP3, ASC and caspase-1 compared
with KP alone. These results suggest that the exacerbation of pneumonia by ASD +
KP could be due to the enhanced production of pro-inflammatory mediators via
activation of TLR2 and NALP3 inflammasome pathway in alveolar macrophages.
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INCREASED INFLAMMASOME ACTIVATION IN
ABSENCE OF MARCO.

R. Biswas, R. F. Hamilton and A. Holian. CEHS/BMED, University of Montana,
Missoula, MT.
Inhalation of crystalline silica in environmental or occupational exposures for prolonged period can result in inflammation, which plays a pivotal role in the development of silicosis, an irreversible, inflammatory and fibrotic pulmonary disease.
Previous studies established macrophage receptor with collagenous structure
(MARCO) as an important receptor for binding, uptake and clearance of crystalline silica particles from lungs. Absence of MARCO results in exacerbation of the
innate pulmonary immune response to silica in vivo. The aim of the present study
was to determine the mechanism by which crystalline silica induces increased inflammation in absence of MARCO. We hypothesized that in the absence of
MARCO, there is increased inflammasome activation following silica exposure. For
this study C57Bl/6 wild-type (WT) and MARCO-/- mice were used.
Inflammasome activation was quantitated by the release of IL-1β from primary
alveolar macrophage (AM) cell culture following administration of silica and LPS
or OVA. IL-1β release from MARCO-/- was significantly higher than WT AM. To
confirm that the increase in IL-1β in MARCO-/- AM was due to the absence of
MARCO receptor; MARCOAb was used to block MARCO in WT. Release of IL1β following MARCOAb was similar to IL-1β release from MARCO-/- AM.
Inflammasome’s role in IL-1β release was confirmed by pretreating AM from WT
and MARCO-/- mice with LPS and cathepsin B inhibitor prior to silica exposure.
A significant reduction in IL-1β release was observed with cathepsin B inhibition.
Acid sphingomyelinase (A-SMase) level in AM was determined because it has been
indicated in acute lung injury. A-SMase level was higher in MARCO-/- AM. The
results demonstrate inflammasome activation is exacerbated in absence of MARCO
and may be linked with increased A-SMase and the variance in MACRO expression
may explain variance in human susceptibility to silicosis. This work was supported
by NIH grants P20 RR017670 and R01 ES 15294
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TRANSGENIC MICE CONSTITUTIVELY EXPRESSING
H2A HISTONE FRAGMENT ARE RESISTANT TO
CHEMICAL-INDUCED BOWEL INFLAMMATION.

U. Wormser1, M. Aschner2, Y. Finkelstein3, E. Proscura1, A. ErlangerRosengarten1, E. Shapira1 and B. Brodsky1. 1Institute of Drug Research, Hebrew
University, Jerusalem, Israel, 2Department of Pediatrics, Vanderbilt University,
Nashville, TN and 3Neurology and Toxicology Service and Unit, Shaare Zedek
Medical Center, Jerusalem, Israel.
Inflammatory bowel diseases (IBD), including Crohn’s disease and ulcerative colitis, are chronic inflammatory diseases of the gastrointestinal tract. Recently we have
demonstrated the anti-inflammatory effect of a novel nonapeptide, fragment of histone H2A, termed IIIM1 in a variety of animal models of autoimmune and inflammatory diseases. Transgenic mice constitutively expressing IIIM1 were used in
this study. The objective of the present research was to test the vulnerability of these
animals to chemical-induced colitis in comparison to control mice. Bowel inflammation was induced by rectal administration of trinitrobenzenesulfonic acid and 7
days later the animals were sacrificed. The control mice developed severe inflammatory response expressed by increased colon weight and extensive proprial necrosis
and associated transmural infiltration of numerous neutrophils. In contrast, colon
of transgenic mice was normal, devoid of pathological changes with marked (68%)
weight reduction. Suppressed inflammatory response in the transgenic mice was
also expressed by reduction in serum IL17 (49%) and IFNγ (42%). This notion
was corroborated by the significant increase in FoxP3- and TGFβ-producing cells
in spleen of transgenic mice. In conclusion, animals constitutively expressing IIIM1
peptide are more resistant to chemical-induced bowel irritation via reduction in inflammatory responses. These findings indicate for the potential of IIIM1 peptide to
serve as a drug for IBD, chronic inflammatory diseases and chemical-induced irritations.
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ROLE OF ENDOCANNABINOIDS DURING IMMUNE
CELL ACTIVATION AND INFLAMMATORY LIVER
INJURY.

J. M. Sido, P. Nagarkatti and M. Nagarkatti. Pathology, Immunology &
Microbiology, University of South Carolina School of Medicine, Columbia, SC.
The endocannabinoids (ECs), N-Arachidonoylethanolamine (AEA) and 2Arachidonoylglycerol (2-AG) are endogenous ligands for the cannabinoid receptors
(CBR) that have been linked to immune cell regulation, specifically reduced lymphocyte proliferation. The impact endogenous CBR ligands elicit on both naïve
and activated immune cell populations has become a major focus of EC research.
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While the EC system has been well characterized, the precise role of ECs in immunological diseases is not clear. In the current study, therefore, we investigated the
role of ECs during immune cell activation and inflammation. To this end,
C57BL/6 splenocytes were activated with either lipopolysaccharide (LPS), or
Concanavalin A (ConA), to trigger B and T cells respectively, and the cells and their
supernatants were then assessed for both AEA and 2-AG levels. Sample processing
was performed using an organic solvent extraction in conjunction with a C8 solid
phase extraction column. The samples were then analyzed with a C18 reverse phase
HPLC column for separation and a Waters Quattro Premier quadrupole liquid
chromatography with tandem mass spectrometer mass spectrometer (LC/MS/MS)
for detection. Naive T cells exhibited higher levels of AEA and 2-AG when compared to ConA activated T cells. However, activated T cells secreted higher levels of
AEA and 2-AG. Similarly, LPS-activated B cells retained more 2-AG in the cell and
more AEA as well as 2-AG was secreted. To study the role of ECs during inflammation in vivo, we tested the livers from a murine model of graft versus host disease
(GvHD). Results showed that inflammation in the liver was associated with a significant increase in AEA levels, when compared to controls. These data suggested
that immune cell activation leads to increased secretion of ECs and that ECs may
play a critical role during inflammation in specific organs such as the liver.
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LUNG INFLAMMATION PLAYS A KEY ROLE IN
CARBON NANOPARTICLE-INDUCED ADJUVANT
ACTIVITY.

U. Sydlik1, M. Kroker1, H. Weighardt2 and K. Unfried1. 1Molecular Toxicology,
IUF Leibniz-Research Institute for Environmental Medicine, Duesseldorf, Germany
and 2Molecular Immunology, IUF Leibniz-Research Institute for Environmental
Medicine, Duesseldorf, Germany. Sponsor: T. Haarmann-Stemmann.
Chronic exposure to combustion derived particles has been associated with an increase in the incidence of asthma. As a possible mechanism for this pathological
outcome, the adjuvant effect of lung inflammation induced by these particles has
been hypothesized. The aim of our study was to investigate the causal link between
nanoparticle-induced lung inflammation and modulations of immune cell populations during processes leading to sensitization, and allergic immune responses of
the airways.
Mice were treated with ovalbumin (OVA) alone or in combination with carbon
nanoparticles (CNP). The induction of inflammation and the immune adjuvant
activity were studied in the lungs and lung draining peribronchial lymph nodes
(PBLN); (i) at the level of sensitization, and (ii) at the level of the immune response. OVA-specific antibodies were measured, and the development of allergic
airway inflammation was studied after OVA challenge.
Results at the level of sensitization showed that CNP induced immediate airway inflammation had immune adjuvant activity, resulted in an increase of specific cell
populations in PBLN and a stimulation of Th2 cytokines. Specific reduction of the
neutrophilic lung inflammation by application of the compatible solute ectoine significantly reduced the adjuvant effects of CNP. In OVA sensitized mice, application
of CNP 12 hours prior to allergen challenge, led to a significant increase in inflammatory cell infiltrate and respective cytokines in broncho-alveolar lavages. Co-application of ectoine together with CNP reduced the particle-induced effects significantly.
Our data show a link between neutrophilic lung inflammation and adjuvant effects
of CNP. A specific reduction of neutrophils by the application of ectoine attenuated
this NP induced adjuvant effect, indicating that particle induced inflammation
rather than the direct interaction of nanoparticles with immune cells is the critical
step in environmentally modulated immune diseases.
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MODERATE HYPEROXIA TREATMENT INCREASES
AIRWAY RESISTANCE DURING DIRECT LPS-INDUCED
LUNG INJURY IN MICE.

R. D. Britt1, 2, M. Velten1 and L. K. Rogers1. 1Center for Perinatal Research, The
Research Institute at Nationwide Children’s Hospital, Coulmbus, OH and 2Integrated
Biomedical Graduate Program, The Ohio State University, Coulmbus, OH.
Acute lung injury (ALI) or its severe form, acute respiratory distress syndrome
(ARDS), continues to be major health threat for patients with lung infections. Proinflammatory processes such as pulmonary edema, leukocyte infiltration, and diminished gas exchange significantly contribute to the progression of ALI. Despite
advances in supportive care, mortality rates remain between 30-40%. At times, mechanical ventilation and supplemental oxygen therapy may be necessary to maintain blood oxygenation levels. The impact of hyperoxia exposure on the lung during ALI remains poorly understood. We evaluated the effect of moderate hyperoxia
(60% O2) on lipopolysaccharide (LPS) induced inflammation in a mouse model of
ALI. We tested the hypothesis that hyperoxia exposure following administration of
LPS would increase inflammation and alter lung function in adult mice. Ten to

twelve week old C3H/HeN male mice were intratracheally treated with vehicle
(PBS) or 0.375 μg/g E. coli LPS. After 12 hours, mice were exposed to room air
(RA) or 60% O2 for 1 or 3 days. Cytokine and chemokine expression was measured by ELISA in bronchoalveolar lavage fluid. Pulmonary function tests were performed on anesthetized mice using the Flexivent. On day 1, TNF-α, IL-6, RAGE,
and MCP-1 were significantly increased in LPS/RA and LPS/O2 compared to
PBS/RA and PBS/ O2 treated mice. Neutrophil chemoattractants, KC and MIP-2,
were significantly increased in LPS/O2 mice compared to other treatment groups.
Central airway resistance was significantly increased on day 3 in LPS/O2 mice
compared to PBS/RA mice. Our data show that the combination of LPS and hyperoxia uniquely increases expression of chemokines that mediate of neutrophil infiltration and increases airway resistance. We speculate that LPS and hyperoxia interact to activate unique mechanisms that may contribute to the development of
LPS-induced ALI in adult mice.
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BETA2-ADRENERGIC RECEPTOR ENGAGEMENT ON A
B CELL REGULATES THE LEVEL OF IGE VIA CD23
CLEAVAGE BY ADAM10 ON B CELL-DERIVED
EXOSOMES.

C. J. Padro1 and V. M. Sanders2. 1Integrated Biomedical Science Graduate Program,
The Ohio State University, Columbus, OH and 2Molecular Virology, Immunology,
and Medical Genetics, The Ohio State University, Columbus, OH.
Allergic asthma is a major problem in toxicology and relief of bronchoconstriction
by beta2-adrenergic receptor (β2AR) agonist administration is the most effective
treatment. Severity of allergic asthma is associated with high serum
Immunoglobulin E (IgE). We previously showed that β2AR engagement on a
primed murine B cell increases the level of IgE produced per cell, without affecting
isotype switching. β2AR agonists alleviate bronchoconstriction by targeting the
β2AR expressed on bronchiolar smooth muscle cells, triggering bronchorelaxation.
These drugs also target the β2AR on primed B cells to increase IgE and soluble
CD23 (sCD23), a positive regulator of IgE. Primed B cells exposed to a β2AR agonist show CD23 and sCD23 increases, while surface CD23 remains constant.
Thus, β2AR engagement may worsen bronchoconstriction over time by increasing
sCD23 and subsequently IgE, albeit relieving bronchoconstriction in the short
term. CD23 cleavage by ADAM10 was recently found to occur primarily on exosomes as opposed to the cell surface. We found that β2AR engagement on a primed
B cell did not alter ADAM10 production or surface expression compared to primed
B cells alone, but increased the amount of exosome-localized ADAM10 with CD23
as determined by Western blot and FACS. In addition, only the exosomes expressing high ADAM10 and CD23 were decreased upon β2AR stimulation, indicating
that CD23 was being cleaved and converted to exosomes expressing low CD23.
Additionally, β2AR stimulation on a β2AR-deficient primed B cell failed to upregulate ADAM10 and CD23 expression on B cell-derived exosomes, indicating specificity of the response. Thus, ADAM10 expression on B cell-derived exosomes may
serve as a molecular target to therapeutically prevent the β2AR-associated increase
in sCD23 and IgE that worsens asthma, while still allowing for induction of the
β2AR agonist-induced bronchorelaxation. Funding: R01-AI37326,T32AI55411,F31-AI089031

HG exposure up-regulates PDE4B gene expression, PDE4 enzymatic activity and
leads to decreased cellular cAMP levels. These events are directly linked to the consequent increase in TNF-α in response to LPS stimulation. This priming phenomenon resulting from HG exposure is the result of epigenetic changes involving histone modifications at the TNF-α promoter and affecting NFkB binding. These
data strongly suggest that PDE4B/cAMP homeostasis and signaling, play a significant mechanistic role in the development of inflammation occurring in response to
HG. Moreover, these data also suggest that PDE4B could serve as a potential therapeutic target in the treatment of Diabetes.
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FOUR CASES OF NEUROPSYCHOLOGICAL
ABNORMAL FINDING IN CHILDREN WITH HIGH
BLOOD METHYL-MERCURY CONCENTRATION.

Y. S. Hong1, Y. M. Kim1, D. S. Kim2, S. H. Kim3, J. K. Kim4, J. H. Yu5 and J.
H. Jung6. 1Preventive Medicine, Dong-A University, Busan, Republic of Korea,
2Environmental Epidemiology, National Institute of Environmental Research, Incheon,
Republic of Korea, 3Deparment of Psychology, Dong-A University, Busan, Republic of
Korea, 4Department of Neurology, Dong-A University, Busan, Republic of Korea,
5Department of Pediatrics, Dong-A University, Busan, Republic of Korea and
6Deparment of Occupational and Environmental Medicine, Dong-A University,
Busan, Republic of Korea. Sponsor: J. Jung.
Methyl-mercury easily passes the blood-brain barrier and accumulates in central
nervous system, causing neurological symptoms. We report four cases of neuropsychological abnormal finding in children with high blood methyl-mercury concentration.
Cases Presentation: Four children admitted because of having a high blood mercury
concentration through the national survey of mercury. Case 1 was a 9 year-old female with 16.6 ug/l, blood mercury concentration on survey and on admission, the
blood, hair mercury and blood methyl-mercury concentration(mercury indices)
were 21.4 ug/l, 7.2 ug/g and 20.1ug/l. In neuropsychological examination, cognitive impairment and attention deficit were observed. She had diet habit with 2-3
time fish intake per week and had been diagnosed with epilepsy at 3 year-old. Case
2 was a 12 year-old male with 15.4 ug/l on survey and the mercury indices were
12.7 ug/l, 5.7 ug/g and 11.8 ug/l. He was observed the finding of attentiondeficit/hyperactivity disorder. Case 3 was a 10 year-old male child with 17.4 ug/l on
survey and the mercury indices were 21.6 ug/l, 7.5 ug/g and 21.5 ug/l. The finding
of mild attention deficit was observed. Case 4 was a 9 year-old male with 20.6 ug/l
on survey and the mercury indices were 18.9 ug/l, 8.3 ug/g and 14.4 ug/l. Mild attention difficulty was observed.
Discussion: We considered that fish consumption may be the main source of
methyl-mercury exposure, and it could be influence neuropsychological finding in
these cases.
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A FEASIBILITY ASSESSMENT OF CONTINUOUS
BLOOD PRESSURE AND HEART RATE ASSESSMENTS
IN JUVENILE RATS.

K. Norton, R. Matheson, Y. Trudel and S. Caron. Toxicology, Charles River
Preclinical Services, Senneville, QC, Canada. Sponsor: M. Vézina.
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INCREASED PHOSPHODIESTERASE 4B (PDE4B) AND
DECREASED CELLULAR CAMP REGULATE LPSINDUCIBLE TNF-α IN GLUCOSE-PRIMED
MONOCYTES.

E. Chambers1, L. Gobejishvili1, S. Ghare1, C. McClain1, 2, 3 and S. Barve1, 2.
1Department of Medicine/GI, University of Louisville, Louisville, KY, 2Pharmacology
and Toxicology, University of Louisville, Louisville, KY and 3Louisville VAMC,
Louisville, KY.
Diabetics experience increased gut permeability leading to increased levels of serum
endotoxin derived from intestinal Gram-negative bacteria. Consequently, diabetics
suffer from chronic low-grade inflammation. Therefore, lipopolysaccharide (LPS)inducible cytokines are highly relevant in this disease contributing to the development of diabetic complications. Specifically, Tumor Necrosis Factor-α (TNF-α),
plays a major role in the evolution of multi-organ dysfunction and complications
associated with diabetes. Our earlier work demonstrated that in
monocyte/macrophages, PDE4B regulated cAMP plays a key role in regulating
LPS-inducible TNF-α expression. Accordingly, the potential role of PDE4 in the
regulation of high glucose exposure and LPS-mediated TNF-α expression was investigated in human monocytes. The data obtained demonstrates that human
monocytes exposed to high glucose (HG:25mM) exhibit a “primed phenotype”,
wherein in comparison to normal glucose exposure, they express elevated levels of
TNF-α following LPS stimulation. The data obtained shows for the first time that

It is reported that 90% of medicines used in pediatric care have only undergone
preclinical safety evaluation in adult animals. However there are known differences
in organ function between juvenile and adult animals which could potentially lead
to both pharmacological and toxicological adverse findings not identified in traditional adult animal toxicity studies. The EMEA and the FDA have issued guidance
requiring standalone pediatric studies when human safety and adult animal preclinical data are considered insufficient to support pediatric use.
In light of these requirements, the purpose of this study was to evaluate the feasibility of assessing heart rate and blood pressure in juvenile rats commencing 22 days
post partum (pp). Rat pups were implanted at 21 days pp with a PA C10 transmitter traditionally used in mouse telemetry studies. The surgical procedure involved a
femoral artery cannulation and placement of the transmitter on the flank.
Intermittent assessments of heart rate and blood pressure were conducted on on
Days 22, 28, 40 and 70 pp, to verify transmitter patency. On Day 28 and Day 70
animals were treated with MK 801, a NMDA receptor antagonist, which was expected to induce hypertension and tachycardia.
Assessment of blood pressure and heart rates on Day 22 pp, confirmed accurate
placement of the PA C10 implant with stable heart rate ranges of approximately
469 to 486 beats per minute and systolic and diastolic blood pressure ranges of 92
to 146 mmHg and 58 to 98 mmHg, respectively. Over the duration of the assessments baseline blood pressure levels remained stable with average heart rates decreasing in older animals to approximately 305 to 362 bpm. Administration of
MK-801 resulted in a profound hypertension and tachycardia in both the Juvenile
and Adult rat.
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The preliminary data demonstrated confirm that surgical placement of telemetry
transmitters in juvenile rats for the measurement of continuous blood pressure and
heart rate is feasible and therefore cardiovascular assessments can be incorporated
into juvenile toxicity studies.
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PRECLINICAL DEVELOPMENT OF
ALLOPREGNANOLONE (ALLO) FOR TREATMENT OF
NIEMANN-PICK TYPE-C, A RARE NEONATAL AND
PEDIATRIC DISEASE.

L. Rausch1, J. Gow1, C. McFarlane1, J. M. Brune1, D. G. Fairchild1, M.
Patrick1, M. Claros1, S. H. Mellon2 and K. L. Steinmetz1. 1Biosciences Division,
SRI International, Menlo Park, CA and 2Department of Obstetrics and Gynecology,
University of California San Francisco, San Francisco, CA.
Niemann-Pick Type-C (NP-C) is a rare autosomal recessive neurodegenerative disease caused by genetic mutations in NPC1 (95%) or NPC2 (5%), resulting in lysosomal accumulation of unesterified cholesterol and glycolipids. NP-C clinical manifestations include severe infant and pediatric neurodegenerative disorders
including early death. Treatment of neonatal NIH NPC1 mice with a single subcutaneous dose of ALLO resulted in a doubling of life span, substantial delay in onset
of neurological symptoms, survival of cerebellar Purkinje and granule cell neurons,
and reduction in cholesterol and ganglioside accumulation. Range-finding in
neonatal 2-week old Beagle dogs with a slow bolus (2-5 min) intravenous infusion
of 3.5 mg/kg ALLO in 20% 2-hydroxypropyl-beta-cyclodextrin in water induced
sleep followed by death. Twice weekly treatment in the GLP 4-week definitive toxicity study with 0.25, 0.5, or 1 mg/kg ALLO transiently induced sleep indicating
neurological activity. There were no dose-related changes in clinical signs, body
weight, food consumption, hematology, clinical chemistry, urinalysis, ophthalmology, gross or microscopic pathology. On Days 1 and 14, peak plasma and brain
ALLO levels (<300 and <340 ng/ml, respectively) declined quickly after the first
time point and were not detectable beyond 1 hr post dose (lower limit of quantitation was 2.5 ng/ml). In the brain, total ALLO exposure was similar to plasma, but
brain-to-plasma concentration ratios (0.5-2.5) showed variability with time. Rapid
ALLO elimination and lack of accumulation were reflected in the short half-life
(<0.45 hr), ample volume of distribution (1500-5000 ml/kg), and high rate of
clearance (≥8700 ml/hr/kg). In conclusion, intravenously administered ALLO to 2week old Beagle dogs resulted in rapid penetration to the brain. ALLO was well tolerated in juvenile dogs after 4 weeks twice weekly dose administration.
This work was supported by NIH Grant U01-NS049462.
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MITOCHONDRIAL BASIS OF ADVERSE PERINATAL
OUTCOME IN HIV-TREATED PREGNANT WOMEN.

cause placental mtDNA depletion and increased OxS that may lead to mitochondrial failure. Mitochondrial lesion could underlie adverse obstetric and perinatal
outcome of HIV-pregnancies. Further studies should address whether these alterations are present in newborns of HIV-infected women. Funding: CIBERER
(ISCIII) and FIPSE 360745/09
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TOBACCO-INDUCED MITOCHONDRIAL TOXICITY
IN REDUCED INTRAUTERINE GROWTH.

F. Cardellach1, G. Garrabou1, S. Córdoba1, A. S. Hernandez1, 2, C. Morén1, E.
Tobías1, M. Catalan1, M. López2, O. Coll2 and <\s>Miró1. 1Mitochondrial
Research Laboratory, IDIBAPS-UB, IMD-Hospital Clinic Barcelona, Barcelona,
Spain and CIBERER, Valencia, Spain, Barcelona, Spain and 2Materno-Fetal Medical
Services, Hospital Clinic of Barcelona, Barcelona, Spain. Sponsor: J. Domingo.
Background: Maternal smoking is associated with reduced birth weight. Tobacco
contains carbon monoxide (CO), considered particularly harmful due to its capacity to bind hemoglobine and mitochondrial complex IV leading, respectively, to tissular and cell hypoxia. We wonder if mitochondrial dysfunction or hypoxic-response may underlie obstetric and perinatal adverse outcome of smoking pregnant
women. Methods: We studied perinatal results and mitochondrial status in placentas of 48 pregnant women: 21 non-smokers and 27 smokers (19 moderate and 7
heavy smokers). Tobacco consumption was measured by the number of smoked
cigarettes/day and plasmatic cotinine (ng/ml). Oxidative stress lipid peroxidation
was measured by spectrophotometry (μM MDA+HAE/mg prot), mitochondrial
DNA (mtDNA) content by rtPCR (mtND2/nRNApolII) and mitochondrial
number and tissular hypoxia by Western-Blot (V-DAC or HIF1a/B-actine).
Results, expressed as mean±SEM, were analyzed by non-parametrical statistics.
Results: Smoke-exposed newborn showed fetal growth restriction (OR=4.13 [0.4438.49]), reduced weight (3136.15±84.31 vs. 3452.75±98.66; p<0.05) and decreased growth percentile (35.08±6.21 vs. 54.20±5.87; p<0.05). Fetal cotinine positively correlated the number of cigarettes consumed (p<0.05) and negatively
correlated newborn weight (p<0.001). Placentas of smoking mothers showed increased oxidative stress, especially heavy smokers (19.55±1.67 vs. 14.9±11.11;
p<0.05), which indeed presented higher mitochondrial number manifested as increased mtDNA (1.37±0.14 vs. 1.26±0.06; p=NS) and V-DAC levels (0.78±0.09
vs. 0.44±0.08; p<0.05). Placenta of moderate smokers showed higher response to
hypoxia (HIF1a expression; 2.76±0.47 vs. 2.38±0.45; p=NS). Conclusions:
Tobacco increases placental oxidative stress, mtDNA levels, mitochondrial amount
and hypoxia-response; CO-mediated mechanisms which may underlie intrauterine
growth restriction. Funding: FIS 0229/08 and CIBERER (ISCIII)
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LONGITUDINAL STUDY OF MITOCHONDRIAL
TOXICITY IN HIV-INFECTED CHILDREN RECEIVING
MILD OR STRONG NUCLEOSIDE ANALOGUES.

G. Garrabou1, A. S. Hernandez1, 2, C. Morén1, M. Catalan1, E. Tobias1, M.
López2, <\s>Coll2, F. Cardellach1, E. Gratacós2 and <\s>Miró1. 1Mitochondrial
Research Laboratory, IDIBAPS-University of Barcelona, Internal Medicine
Department, Hospital Clinic of Barcelona (Barcelona, Spain) and Centro de
Investigación Biomédica en Red de Enfermedades Raras (CIBERER, Valencia, Spain),
Barcelona, Spain and 2Materno-Fetal Medical Services Hospital Clinic of Barcelona,
Barcelona, Spain. Sponsor: J. Domingo.

C. Morén1, A. Noguera-Julian2, G. Garrabou1, M. Catalán1, N. Rovira2, E.
Tobías1, F. Cardellach1, <\s>Miró1 and C. Fortuny2. 1Mitochondrial Research
Laboratory Internal Medicine Department, Hospital Clínic of Barcelona, IDIBAPS
and CIBERER, Barcelona, Spain and 2Infectous Disease Unit, Pediatrics Department,
Hospital Sant Joan de Déu, University of Barcelona, Barcelona, Spain. Sponsor: J.
Domingo.

Background: HIV and antiretrovirals cause mitochondrial DNA (mtDNA) depletion which can lead to mitochondrial dysfunction and oxidative stress (OxS).
Secondary effects of HIV-infection have been associated to mitochondrial injury.
HIV-pregnant women present increased rates of adverse obstetric and perinatal
events of unknown aetiology. We wonder if mitochondrial abnormalities may underlie adverse perinatal outcome in HIV-pregnancies. Methods: We studied obstetric results and mitochondrial state in placentas of 23 HIV-treated and 32 uninfected pregnant women. We measured mtDNA amount by rt-PCR assessing
mitochondrial respect to nuclear genome copies (mtND2/nRNApolII) and OxS by
the spectrophotometric quantification of lipid peroxidation (μM MDA+HAE/mg
prot). Results, expressed as mean±SEM, were statistically analysed by non-parametric tests.
Results: Global adverse perinatal outcome and intrauterine growth restriction were
increased in HIV-pregnancies (OR 11.5 [2.2-60.2] and 24.1 [1.3-454.5]). In placentas of HIV-infected patients mtDNA content was reduced by 15% and OxS was
increased by 25% with respect to controls (0.59±0.27 vs. 0.69±0.19 and
23.23±1.64 vs. 17.94±1.03, p=0.005 and p=0.05). Additionally, a trend towards
increased OxS and decreased mtDNA content was observed in pregnancies with
adverse perinatal outcome and higher viral load and a trend to negative correlation
was found between OxS and mtDNA levels. Conclusions: HIV and antiretrovirals

Background: Adverse effects of Highly-Active-Antiretroviral-Therapy (HAART)
and HIV, similar to those described in primary mitochondrial genetic diseases, have
become a major issue, especially in children. Currently, the main goal is to reduce
the risk of virologic and mitochondrial failure while maximizing cost-effectiveness.
Methods: We followed, within 2 years, the clinical and mitochondrial status of 38
HIV-infected children on HAART that either included strong nucleoside-reversetranscriptase-inhibitors (NRTIs; didanosine, zidovudine or stavudine; n=15), or
mild NRTIs (the rest of drugs; n=13); and compared them to an HIV-infected untreated group (n=10) and to uninfected control reference values. We measured the
viral load (rt-PCR), lactate levels (spectrophotometry) and T-lymphocyte CD4+
content (flow-cytometry); we assessed mtDNA content (rt-PCR), mitochondrial
protein synthesis (western blot); mitochondrial number, electron transport chain
function and oxidative stress (spectrophotometry) in blood mononuclear cells.
Results: Lactate levels became significantly higher in children on strong regimens
compared with patients on mild NRTIs after 2 years (1.00±0.071 vs. 1.28±0.083;
p=0.022). We found a significant decrease of cytochrome-c-oxidase activity in untreated patients and in those on strong NRTIs groups along time. Mitochondrial
DNA content was similar among all HIV-infected groups and significantly lower
compared to controls at baseline. Oxidative stress tended to increase along time in
all groups. Conclusions: HIV itself and the use of strong NRTIs cause higher mito-
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chondrial damage than mild NRTIs along time in children. Simplification of
HAART with mild and safe NRTIs should be taken into account in children.
Funding: FIPSE (360745/09, 360981/10 and 36612/06), FIS (PI08/00229,
PI00462) and Fundació Privada Cellex
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NONCLINICAL SAFETY ASSESSMENT SUPPORTING
PEDIATRIC USE OF VORICONAZOLE AND
ANIDULAFUNGIN IN COMBINATION.

C. J. Bowman1, G. Chmielewski1, E. M. Lewis2, L. Liu1, M. S. Modesitt3, S. L.
Ripp1, C. Sawaryn1 and D. M. Cross4. 1Pfizer, Groton, CT, 2Charles River
Laboratories Inc., Horsham, PA, 3PPD Inc., Richmond, VA and 4Pfizer Ltd.,
Sandwich, Kent, United Kingdom.
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IN VIVO LONGITUDINAL CT STUDY OF BENT LONG
BONES IN THE RAT DURING POSTNATAL
DEVELOPMENT.

L. M. De Schaepdrijver1, P. Delille1, B. Descamps2, F. De Vos3 and C. Vanhove2.
1Toxicology/Pathology, Janssen R&D, Beerse, Belgium, 2Department of Medical Image
and Signal Processing, University Ghent, Gent, Belgium and 3Laboratory of
Radiopharmacy, University Ghent, Gent, Belgium. Sponsor: T. Coogan.
Skeletal development is an important endpoint to consider in reproductive and juvenile toxicity studies, especially for safety assessment in the pediatric population.
Currently, bone structure is examined in fetuses using traditional ex vivo methods
such as Alizarin red staining (gold standard) whereas bone growth is assessed in vivo
by measuring long bone length. The aim of the study is to investigate the usefulness
of μCT as a non-invasive method to assess the reversibility of induced bone effects
in longitudinal juvenile toxicity studies as well as to compare the obtained μCT images with the gold standard. Pregnant SPF Wistar rats were dosed once daily from
gestation Day 6 to 17 with a toxic dose of a CRF1 antagonist. The dams were allowed to litter and their offspring were examined by repeated μCT scans on postnatal day 1, 8, 22 and 80. All μCT scans were acquired on a Triumph multi-modality system (Gamma Medica, Northridge, CA) using the following acquisition
parameters: tube voltage 80 kVp, tube current 250 μA, focal spot size 50 μm and a
field-of-view of 59 or 93 mm. Animals were anaesthetized using isoflurane and
body temperature was maintained at 37°C for the duration of the scans. All μCT
scans were reconstructed using a filtered back-projection algorithm and surface rendered for visual inspection. Calculation of morphological parameters such as bone
length, shape and total bone volume are currently ongoing. Skeletal anomalies (particularly bent scapula, humerus, radius, ulna or femur) were observed in the group
receiving the test article in the majority of the live born pups. Visual inspection of
the scans demonstrated that the bent long bones normalized rapidly in the first
postnatal weeks resulting in complete recovery by weaning. In summary, μCT may
play a valuable role in postnatal assessment of skeletal anomalies, particularly for
follow up of reversibility.
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METAL-INDUCED DYSREGULATION OF THE NF-KB
PATHWAY IN A DETROIT, MICHIGAN, CHILDREN’S
COHORT.

R. Patel1, J. Gallagher3, J. Rigdon2, S. Edwards3 and R. C. Fry1. 1Department of
Environmental Sciences and Engineering, Gillings School of Global Public Health,
University of North Carolina at Chapel Hill, Chapel Hill, NC, 2Department of
Biostatistics, Gillings School of Global Public Health, University of North Carolina at
Chapel Hill, Chapel Hill, NC and 3National Health and Environmental Effects
Research Laboratory, US EPA, Research Triangle Park, NC.
Heavy metal exposure can have adverse effects on childhood development, and
early life exposures have been shown to modify key biological pathways. We set out
to evaluate the genome-wide effects of metals exposure in the Mechanistic
Indicators of Childhood Asthma (MICA) study, which investigated the relationships between environmental exposures and health effects in 205 children in
Detroit, Michigan. The MICA study measured environmental metal exposure by
analyzing fingernail metal concentrations. Genome-wide gene expression levels
within blood samples were assessed using the Affymetrix Human Genome U133
Plus 2.0 Array. In this analysis, we examined the relationship between exposure to
the four toxic metals, Arsenic (As), Cadmium (Cd), Chromium (Cr) and Mercury
(Hg), and whole blood gene expression in 131 children. Using multivariate linear
regression analysis and a permutation-based correction method, we identified 160,
1180, 339 and 350 uniquely modulated genes (p<0.01) associated with exposure to
As, Cd, Cr, and Hg, respectively. Each metal modulated a relatively distinct set of
genes. However, network analysis of modulated genes showed dysregulation of the
NF-kB pathway in each of the four metals, indicating that exposure to As, Cd, Cr,
and Hg may cause altered inflammatory responses in the body. These results
demonstrate that heavy metals exposure can cause significant perturbation of key
inflammatory pathways and suggest the need to examine genome-wide effects of
multiple metals exposures across human populations. Disclaimer: The views expressed are those of the authors and do not necessarily represent the official views
and/or policies of the US EPA.

Anidulafungin and voriconazole are potent antifungal agents that may provide a
powerful therapeutic option over current therapies when co-administered. A nonclinical combination toxicity study was completed as part of the voriconazole
Paediatric Investigation Plan to enable clinical development of the combination in
children. Juvenile Fisher rats received anidulafungin or voriconazole alone or in
combination once daily from post natal day (PND) 21-56 with a recovery period to
PND 84. Doses were chosen to target exposures at or above the adult rat no observed adverse effect levels (NOAELs). Toxicokinetics were determined using a validated dual-analyte bioanalytical method. Systemic exposure at juvenile rat
NOAELs was comparable to those found with adult rats in previous studies as well
as anidulafungin exposure alone in a previous juvenile study. Transient and reversible reductions in body weight, hematology, serum chemistry, liver weight and
minimal liver changes were associated with anidulafungin. Voriconazole caused an
increase in gamma-glutamyltransferase in female rats only. Juvenile rats were not
more sensitive to each drug dosed alone compared with adult rat data on the single
drugs. No novel, additive or synergistic toxicities were noted when dosed in combination. This study supported pediatric clinical trials co-administering voriconazole
and anidulafungin.
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INFLAMMATORY CYTOKINES IN THE EXHALED
BREATH CONDENSATE OF ASTHMATIC CHILDREN
LIVING IN WOOD STOVE HOMES.

M. L. McNamara, T. J. Ward and C. W. Noonan. CEHS/BMED, University of
Montana, Missoula, MT.
In the Northern Rocky Mountains, wood stoves are a popular heat source in homes
during the cold winter months. These wood stoves contribute considerable levels of
fine particulate matter (PM2.5) to the indoor environment. Residential exposure to
biomass PM2.5 has the potential to exacerbate respiratory diseases, such as asthma.
The primary aim of the University of Montana’s ARTIS study (A Randomized Trial
of Indoor Air) is to assess the quality of life among asthmatic children following interventions that reduce in-home wood smoke PM exposures. Our recent studies
focus on evaluating multiple inflammatory cytokines in the exhaled breath condensate (EBC) of asthmatic children enrolled in the ARTIS study. Rtubes (Respiratory
Research Inc., Charlottesville, VA) were used to collect EBC samples from 42 subjects during their first (baseline) winter. Sample collection was performed on two
consecutive mornings during two wintertime sampling visits, with 41 subjects successfully completing sample collection during the first visit and 40 during the second visit. Data presented here is from the first visit only. Ten cytokines (GM-CSF,
IL-1β, -2, -4, -5, -6, -8, -10, IFN-γ and TNF-α) were simultaneously quantitated
in EBC samples using an ultrasensitive multiplex bead immunoassay analyzed with
a Luminex 100 and STarStation software v. 2.0 (Applied Cytometry, Sacramento,
CA). Briefly, TNF- α was detected in 98% of the samples with quantitated samples
ranging from 0.12 to 3.44 pg/mL, with an average (± SD) concentration of 0.88 (±
0.57) pg/mL. The IL-4/IFN-γ ratio was on average 1.27 (± 1.33) with one sample
below the LOD for IL-4 and no samples below the LOD for IFN- γ. Future analyses include evaluating these inflammatory biomarkers following home interventions designed to reduce children’s exposure to indoor PM2.5. This data will ultimately allow us to gain a better understanding of the health effects of reducing
residential PM2.5 in wood stoves homes of asthmatic children.
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LEAD EXPOSURE AND OBESITY ARE COMORBIDITY
FACTORS FOR OSTEOPOROSIS THROUGH A
COMMON MECHANISM OF INHIBITING WNT/BETACATENIN SIGNALING.

E. E. Beier1, 2, T. Sheu2, M. H. Kung1, 2, J. D. Holz1, 2, R. A. Mooney2 and J.
Puzas1, 2. 1Environmental Medicine, University of Rochester, Rochester, NY and
2Orthopedics, University of Rochester, Rochester, NY.
The obesity epidemic affects at least 14.6% of children in the US with an even
higher proportion among the underprivileged. This latter population is also exposed to higher levels of environmental lead (Pb) due to its persistence in old
homes and inner-city residences. Previous findings have independently identified
both Pb and obesity as etiological factors in the development of osteoporosis.
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Interestingly, Pb-treated mice and those fed a high-fat diet share a number of other
characteristics, including depression of bone formation and bone marrow steatosis.
Increased adiposity of the bone marrow is itself associated with bone loss, and this
is evident in cases of ovariectomy, immobilization, and glucocorticoid treatment, as
well as in osteoporotic postmenopausal women. Additionally, we have found that
Pb treatment up-regulates the expression of sclerostin, a potent inhibitor of
Wnt/beta-catenin signaling, which is an important molecular switch governing
bone homeostasis. From these findings we hypothesize that Pb exposure and obesity both act through depression of Wnt signaling in mesenchymal cells to promote
their differentiation into adipocytes, subsequently decreasing number of osteoblasts, resulting in bone loss. Using concomitant exposure to Pb (50 ppm in the
drinking water) and high-fat diet (60% kcal from fat) in mice we found that they
additively reduce bone mass, increase bone marrow adiposity, and reduce betacatenin levels in stromal cells. This correlated with suppression of the osteogenic
transcription factor Runx2 and induced expression of the adipogenic transcription
factor Pparg. Pb and high-fat diet also act in vitro to promote adipogenic potential
of mesenchymal cells by increasing lipid droplet formation, increasing activity of
Pparg, and decreasing beta-catenin activity. These results provide mechanistic insight for targeted therapeutic intervention in bone diseases resulting from exposure
to Pb, obesity, and a combination thereof.
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POLYMORPHISMS OF PHASE I AND II XENOBIOTIC
ENZYMES INVOLVED IN ASTHMA CONDITION IN
CHILDREN EXPOSED TO TOBACCO SMOKE.

B. Munoz1, A. Hernandez-Lopez1, B. Barrón-Vivanco3, V. M. Dávila-Borja2, A.
Albores1 and E. Juárez-Pérez1. 1Department of Toxicology, Cinvestav-IPN, Mexico
City, D.F., Mexico, 2Department of Genetics and Toxicology, National Pediatrics
Institute, Mexico City, D.F., Mexico and 3Universidad Autonoma de Nayarit, Tepic,
Nayarit, Mexico.
Bronchial asthma is a common disorder which affects 12% of Mexican population
and tends to increase in the next ten years. Although several environmental factors
influence on asthma development such as air pollution or common allergens; one
of the most important is exposure to environment tobacco smoke (ETS). The metabolism of some toxic compounds of ETS is through a complex network of enzymes and reactions of hydrolysis, reduction or oxidation (phase I) and conjugation
(phase II).The role of polymorphisms of enzymes involved in xenobiotic metabolism may explain why some children are more susceptible to develop asthma. In the
present study, we analyzed the association of several polymorphic markers including
CYP1A1 (rs1048943), CYP2E1 (rs2070676), CYP2A6 (rs1801272), CYP1B1
(rs1056836), and GSTT1 or GSTM1 null variants with risk of asthma together
with ETS exposure in a Mexican children population. The cytochrome SNPs were
evaluated by real time PCR, whereas null GST polymorphisms were determined by
conventional PCR. None of the polymorphisms studied had a statistical significance when they were associated with asthma. However, when population was
grouped according sex, male children with AA variant of CYP2A6 presented a significant risk to develop asthma (p=0.034). In addition, this association was also denoted when exposure to ETS was included (p=0.021) According to the obtained results, CYP2A6 may be an indicative of susceptibility to develop asthma in male
children exposed to ETS. Support Conacyt 104316 and 60463.

GSTT1 in children chronically exposed to arsenic in drinking water. Preliminary
Results: At present a total of 58 children have been included in the study from two
rural communities [Sofia de Arriba (58.3ppb) and El Porvenir (112 ppb)]. The
mean children age is 9.6 years and most of them have living in the community all
life (mean 9.3 years) and 62.1 % of them were conceived at those communities.
13.8% of the studied population reported chronic cough for more than 2 years and
8.6% for 7-12 years. In addition, 6.9% have been treated for repeated bronchiolitis.
In all subjects the spirometric values such as FVC,FEV1 and FEV1/FVC ratio were
lower with respect to the reference values for spirometry volumes. Conclusion: A
high incidence of lung diseases and a reduction in the lung function was recorded
in children chronically exposed to high arsenic levels in drinking water.

739

K. Huen, K. Harley, A. Bradman, L. Barcellos, K. Pratt and N. Holland.
CERCH, SPH, University of California Berkeley, Berkeley, CA. Sponsor: M. Poirier.
Children’s susceptibility to environmental toxicants may depend on their genotype,
levels of exposure and their interactions. In the longitudinal birth cohort study of
low-income Mexican-American farmworker families in California (CHAMACOS)
we found that in utero exposures to pesticides were associated with abnormal birth
and neurodevelopmental outcomes at different ages (Eskenazi et al, 2004, 2007,
2010; Young et al, 2005; Bouchard et al, 2011). We also demonstrated that these
health effects depend on phenotype and genotype of paraoxonase (PON1), a multifunctional enzyme involved in detoxification of organophosphate (OP) pesticides
and oxidative stress (Holland et al, 2006; Huen et al, 2009;2010 Eskenazi et al,
2010; Harley et al, 2011). CHAMACOS population has a high prevalence of obesity in mothers and children that exceeds national averages for Mexican-Americans.
In this study of 383 CHAMACOS children, we observed significant associations of
child PON1 genotypes and PON1 status (PON1192 genotype and PON1 enzyme
levels) with both body mass index (BMI) Z-score and obesity status at age 2.
Compared to children with the PON1192RR genotype, the odds of obesity were
5.2 and 9.6 fold higher in PON1192QR and PON1192QQ children, respectively.
Additionally, we genotyped ancestry informative markers (AIMs) to estimate proportional ancestry for each individual and found little evidence of genetic confounding among two year old CHAMACOS children. In addition to genetic polymorphisms, epigenetic mechanisms such as DNA methylation in PON promoter
region (assessed by Illumina 450K Methylation BeadChip), were also associated
with PON1 expression in an allele-specific manner. Epigenetic and genetic influences on PON1 may affect susceptibility to OP pesticides and conditions related to
oxidative stress including obesity. Possible contribution of environmental exposures
such as prenatal pesticide exposures, to the genetic, epigenetic and behavioral
mechanisms of obesity warrants additional attention. Supported by NIEHS and
EPA grants.
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LUNG FUNCTION IN CHILDREN CHRONICALLY
EXPOSED TO ARSENIC IN DRINKING WATER.

R. Recio-Vega, E. Olivas-Calderón, T. González-Cortés, C. González-De Alba
and G. Ocampo-Gomez. Environmental Health, University of Coahuila, Coahuila,
Mexico. Sponsor: C. Lantz.
Introduction: Intense over-exploitation of the aquifers in the region known as the
Comarca Lagunera has caused a gradual descent of water levels which in turn has
given rise to a serious health issue, hydroarsenicism. Arsenic concentrations in
drinking water have surpassed the permitted levels by the WHO (10μg/l) and the
Mexican Official Norms (25μg/l). Arsenic exposure through drinking water has
been associated with different types of neoplasia. Although, some of the most important negative effects of this metalloid over human health are lung function disturbances. Recent experimental animal studies animal have reported pathological
changes in pulmonary development as well as bronchial hyperresponsiveness.
Disturbances have also been reported in pulmonary repairing tissue proteins. Also
clinical human studies have shown as well, diminishment in spirometric values and
higher bronchiectasis and chronic obstructive pulmonary disease frequencies. These
findings have been reported in adult populations but not in children. Objective: To
evaluate the relationship between lung function and inflammatory biomarkers with
arsenic levels and with the polymorphisms of GST0, AS3MT, GSTM1 and
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GENETIC AND EPIGENETIC BIOMARKERS OF
SUSCEPTIBILITY TO OP PESTICIDES AND OBESITY
IN CHILDREN.

FUNCTIONAL DEVELOPMENT IN YOUNG RATS:
BASIC DATA FOR THE PERFORMANCE OF JUVENILE
ANIMAL STUDIES.

J. Buschmann and G. Lewin. Fraunhofer ITEM, Hannover, Germany. Sponsor: C.
Dasenbrock.
Juvenile animal studies play an important role in the registration process of pharmaceuticals and chemicals, and functional parameters form an important part of
such studies. As these parameters are evolving during the first days to weeks of life,
laboratory data must be interpreted in relation to developmental changes.
Therefore, generation of data sets for juvenile animal studies is a fundamental need.
The normal development of some haematological, immunological and lung function characteristics, as well as of the auditory startle reflex (ASR) was assessed in
Wistar (WU) rats. For the hematopoietic system it was shown that blood counts of
newborn rats revealed high numbers of immature progenitor cells and the red
blood count showed frequent abnormalities that typically point to anaemia or RBC
defects.
Assessment of immune system development proved feasible starting at day 2 pp.
Major developmental effects were seen in immunoglobulin secretion in peripheral
blood and in lymphocyte surface marker expression in peripheral blood, spleen and
bone marrow.
Two methods have been developed to noninvasively assess juvenile rat lung function starting at a neonatal stage. A plethysmographic method has been modified
and longitudinal data are presented which describe the functional development of

the lungs in male and female rats starting at an age of 2 days. Furthermore, the
practicability of nose-only inhalation treatment in juvenile rats as young as day 4 pp
has been proven.
ASR data show the practicability of this test as early as day 10 pp with a coordinated
animal response showing a significant pre-pulse inhibition around day 15 pp. The
development of a gender-specific response starts around day 40 pp in coincidence
with sexual maturation. Adult-like patterns of habituation can be assessed by day
60 pp.
The described techniques permit new insights into human neonatal risk assessment
and therefore these animal models are suitable for regulatory studies. The presented
data are important for correct planning and interpretation of juvenile animal studies.
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SKIN-SENSITIZING POTENCY OF HALOGENATED
PLATINUM SALTS.

D. M. Lehmann1, W. Williams1, C. Copeland1, E. Boykin1 and M. Selgrade2.
1National Health Environmental Effects Research Laboratory, US EPA, Research
Triangle Park, NC and 2ICF International, Durham, NC.
The relationship between occupational exposure to halogenated platinum (Pt) salts
and Pt-specific allergic sensitization is well-established. Although human case reports and clinical studies demonstrate that Pt salts are potent skin sensitizers, no
studies have been published that investigate whether there are differences in potencies of halogenated Pt salts. In this study, we evaluated ammonium hexachloroplatinate (AHCP), ammonium tetrachloroplatinate (ATCP) and cis-dichlorodiamine
(CDDP) using the local lymph node assay. For 3 consecutive days, BALB/c mice
were dosed topically on the dorsum of both ears with vehicle, 25% trimellitic anhydride (TMA, positive control) or one of 3 concentrations of Pt salt. On day 5,
lymph nodes were harvested and single-cell suspensions were labeled ex vivo with
[3H]methyl thymidine. Lymphocyte proliferation was determined by scintillation
counting. Concentration-dependent increases in ear thickness and lymphocyte proliferation were observed for all 3 Pt salts. None of the doses tested resulted in a skin
irritant response since erythema was minimal and the maximum increase in ear
thickness was less than 25% (n = 12). The EC3 values for AHCP, ATCP and
CDDP were determined to be 0.58, 0.23 and 0.33%, respectively (n = 12). In complementary studies, lymph node cells were labeled ex vivo with bromodeoxyuridine
(BrdU) to investigate an alternative to radioisotopic labeling. Incorporation of
BrdU was determined by ELISA. In this case, the EC2 values for AHCP, ATCP and
CDDP were determined to be 0.12, 0.95 and 0.17%, respectively (n = 6). The
stimulation index of TMA was 4.6% (+/-1.2) and 2.9% (+/-0.3) in the radioisotope- and BrdU-labeling procedures, respectively. We conclude that AHCP, ATCP
and CDDP are categorized as strong sensitizers according to the Globally
Harmonized System for Classification and Labeling of Chemicals. Furthermore,
these data suggest that BrdU labeling may not be as sensitive a procedure as labeling
with radioisotope. This abstract does not reflect EPA policy.
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THE EFFECT OF ACTIVATING AND DEACTIVATING
SUBSTITUENTS ON THE ALLERGENICITY OF
BENZOQUINONE AND BENZOQUINONE
DERIVATIVES.

W. Mbiya1, I. Chipinda2, R. H. Simoyi1 and P. D. Siegel2. 1Chemistry, Portland
State University, Portland, OR and 2HELD, CDC/NIOSH, Morgantown, WV.
Benzoquinone (BQ) is an electrophilic contact allergen whose extreme skin sensitization (SS) potency is known to be mediated through Michael Addition (MA). It is
also hypothesized that BQ will haptenate proteins via free radical formation. The
reactivity and subsequent SS potency of BQ derivatives (BQD) is, however, unknown. The objective of this study was to assess the negative inductive effects (activating) and positive inductive effects (deactivating) of substituents on BQ reactivity
to a nucleophilic thiol and utilize this in chemico assay to predict the allergenicity
of BQD. Reactivity of BQ and BQD to nitrobenzenethiol (NBT) was used as a surrogate for protein binding of the electrophiles. Pseudo-first order rate constants (k)
of chlorine, methyl and t-butyl substituted BQD reactions to NBT were determined at pH 7.4 and 5.5. Electron paramagnetic resonance (EPR) studies to probe
a potential free radical mediated binding mechanism of BQD to nucleophiles were
also performed. The k values demonstrated the chlorine substituted (activated)
BQD to be more reactive than the methyl and t-butyl substituted (deactivated)
BQD, correlating with the respective EPR intensities. The results suggest that binding of BQD to proteins may also occur via free radical mechanism which is pH dependent, in addition to the predominant MA mechanism. Local lymph node assays
(LLNA) for BQ and BQD were conducted in BALB/c mice. The LLNA EC3 val-

ues for the BQD were of the order; chlorine < methyl < t-butyl substituted BQD,
consistent with that predicted by reactivity data. Results of the present study suggest potential utility of employing chemical reactivity data for electrophilic allergen
identification and potency ranking.
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REACTIVITY PROFILE OF CONTACT AND
RESPIRATORY LOW MOLECULAR WEIGHT
ALLERGENS IN A COMPETITIVE PEPTIDE
REACTIVITY ASSAY.

J. F. Lalko1, 2, I. Kimber1, R. J. Dearman1, G. Gerberick3, A. Api2 and L. W.
Smith2. 1University of Manchester, Manchester, United Kingdom, 2Research Institute
for Fragrance Materials Inc., Woodcliff Lake, NJ and 3Procter & Gamble Company,
Cincinnati, OH.
It is well established that certain low molecular weight chemicals cause allergic diseases of the skin and respiratory tract. Individual chemicals are typically associated
primarily with one or other form of disease, generating selective Th1 or Th2 type
responses. The reasons for this divergence are unclear; however selective modification of specific amino acids may play a role. The reactivity of chemical allergens to
single nucleophile peptides is increasingly well-described with standardized assays
for use in hazard assessment; adapting these methodologies to evaluate competitive
binding to multiple nucleophiles may assist in defining preferential modifications.
Using a peptide reactivity model, the reactivity of reference respiratory (phthalic anhydride [PA], maleic anhydride [MA]) and skin allergens (dinitrochlorobenzene
[DNCB], dinitrofluorobenzene [DNFB]) were investigated. One set of assays was
conducted by reacting peptides containing either cysteine (Cys) or lysine (Lys)
alone with an excess concentration of test chemical. To evaluate the effect of competition, assays were conducted by preparing reaction mixtures of these same peptides at various concentrations relative to the other. The ratios utilized were 1:1,
3:1, 6:1 and 9:1; in each case the total peptide content was constant. When incubated with single peptides PA and MA (respiratory allergens) were observed to have
increased reactivity to Lys, while DNCB and DNFB (contact allergens) preferentially reacted to Cys. These preferences were conserved or enhanced under competitive conditions. Under such conditions PA and DNCB were observed to deplete
exclusively Lys and Cys, respectively. MA and DNFB both maintained the preferences observed with individual peptides. The selective reactivity demonstrated here
may have important mechanistic relevance for the ability of these chemicals to induce divergent immune responses.
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CHANGES IN THE FREQUENCY OF B220+
LYMPHOCYTES FOLLOWING TOPICAL EXPOSURE TO
LINALOOL.

L. Beresford2, R. J. Dearman2, I. Kimber2, A. Api1 and J. F. Lalko1, 2. 1Research
Institute for Fragrance Materials Inc., Woodcliff Lake, NJ and 2University of
Manchester, Manchester, United Kingdom.
Linalool is a terpene alcohol that is known to undergo autoxidation forming a variety of hydroperoxides and other degradation products. Linalool is not considered to
be a skin sensitizer; however, the products formed during autoxidation are known
to be contact allergens. In the murine local lymph node assay (LLNA), high purity
samples of linalool have been reported to have a weak sensitization potential. As
with other predictive test methods, false-positives are known to occur in the LLNA,
particularly to subsets of certain classes of skin irritants. While these have not typically presented interpretive difficulties, strategies have been developed to assist in
eliminating false positives in the LLNA. One approach is to align the LLNA with
monitoring the frequency of B220+ lymphocytes in skin draining lymph nodes
(LN). In the present study, assays were conducted by topically treating CBA/Ca
mice with high purity linalool (50% or 100%; both with and without an antioxidant), dinitrochlorobenzene (DNCB; 0.25%; contact allergen control), benzalkonium chloride (BZC; 2%; irritant control) or with vehicle (acetone) alone using the
standard LLNA dosing regimen. Draining LN were isolated and the frequency of
B220+ cells measured by flow cytometry and expressed as a ratio of the test to vehicle control groups. Treatment with DNCB induced a marked increase in B220+ cell
frequency, with ratios ranging from 2.5 to 4.4 fold. Exposure to BZC resulted in
low level increases in B220+ cell frequency, with ratios ranging from 1.2 to 1.4 fold.
Linalool was not observed to cause significant increases in B220+ cells; ratios of ≤
1.2 were obtained for all treatment groups. These low levels were very consistent
with those recorded for the concurrent irritant control BZC. These data suggest
that the positive responses reported for high purity linalool in the standard LLNA
maybe due to the irritant properties of the material.
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THE CONTRIBUTION OF PEANUT PROTEINS ARA H1,
2, 3 AND 6 IN PEANUT ALLERGY.

J. Smit1, 2, M. Pennings2, 3, M. van Roest1, G. Houben4, E. van Hoffen2 and R.
Pieters1. 1Toxicology, Institiute for Risk Assessment Sciences, Utrecht University,
Utrecht, Netherlands, 2Utrecht Centre for Food Allergy, Utrecht, Netherlands,
3Dermatology, Utrecht University Medical Center, Utrecht, Netherlands and 4TNO,
Zeist, Netherlands.
Peanut is a major allergenic food product, and contains a large number of potentially allergenic proteins. The present study investigated the relative contribution of,
and cross-reactivity between the major allergens Arah1-6 in a mouse model for
peanut allergy. Mice were immunized by gavage with peanut protein extract or purified allergens Arah1-6. Hereafter, mice were challenged with the individual allergens and blood was collected to measure allergen-specific antibodies and the degree
of mast cell degranulation (MMCP-1 and histamine). Spleens were isolated to
measure allergen-specific T-cell reactivity. Sensitisation with whole peanut extract
induced Arah1-6 specific IgE, IgG1 and IgG2a. In addition, sensitisation with the
individual peanut allergens elicited antibody responses with specificity to the allergen used, but limited cross-reactivity between the allergens was observed. T-cell cultures showed Th1 and Th2 type cytokine production upon re-stimulation with
both peanut extract and the individual peanut allergens, but cross-reactivity was observed only between Arah2 and 6. Remarkably, only Arah2 and 6 were able to elicit
mast cell degranulation after oral challenge. In conclusion, individual peanut allergens do not significantly differ in their capacity to sensitize via the intestinal route,
induce limited cross reactivity, but differ substantially in their capacity to cause effector responses. This implicates that peanut proteins may differ in clinical responses and may differ in efficacy for therapy in the human situation. In future
studies, the mechanism behind the functional differences of individual peanut allergens and the protein cross-reactivity on T-cell and antibody level will be investigated in vitro.
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CHARACTERIZATION OF THE ALLERGENICITY OF
DIFFERENT FORMS OF LACTOFERRIN.

R. J. Almond1, B. F. Flanagan2, I. Kimber1 and R. J. Dearman1. 1Manchester
University, Manchester, United Kingdom and 2University of Liverpool, Liverpool,
United Kingdom.
With the advent of genetically modified crop plants there is an increased interest in
the development of methods for the identification of novel proteins as potential allergens. Current methods include assessment of resistance to digestion by simulated
gastric fluid (SGF) and homology searches. There is a need for more holistic methods for the characterization of potential protein allergens and particularly the impact of production of the protein in novel expression systems that may result in differential posttranslational modifications such as glycosylation. The allergenicity
(IgE inducing) and immunogenicity (IgG inducing) properties of wild type native
(milk) human lactoferrin (NLF) and recombinant LF (rLF) produced in rice have
been assessed. These forms of LF have identical amino acid sequences, but different
glycosylation patterns: NLF has a complex glycoprofile including sialic acid and
Lewis (Le) x structures, whereas the rLF form is far simpler and rich in mannose
residues. Both proteins are very labile to digestion by SGF, with intact protein disappearing after 1min of incubation in the presence of pepsin at pH1.2. Antibody
responses induced in BALB/c strain mice by intraperitoneal exposure to NLF and
rLF were characterized. Sera were analysed for protein specific IgG and IgE by enzyme-linked immunosorbant assay (ELISA) and homologous passive cutaneous
anaphylaxis assay (PCA), respectively. Immunisation with NLF stimulated vigorous
IgG and IgE antibody responses, whereas rLF was 40-fold less immunogenic and
200-fold less allergenic, irrespective of endotoxin content. The glycans did not contribute to epitope formation, with equivalent IgE and IgG binding recorded for
high titer anti-NLF antisera whether the immunising NLF or the rLF was used a
substrate in the ELISA or PCA analysis. Similarly, identical low IgG and IgE antiLF titers were recorded when either the immunising rLF or the NLF was used in
the analysis of anti-rLF antisera. These data demonstrate that differential glycosylation profiles can have a profound impact on protein allergenicity.
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EXPOSURE TO TRICLOSAN AND BISPHENOL A
AUGMENT ALLERGIC RESPONSES IN A MURINE
MODEL OF ASTHMA.

S. E. Anderson, E. Lukomska, K. Anderson and B. J. Meade. CDC/NIOSH,
Morgantown, WV.
During the past several decades there has been a remarkable and unexplained increase in the prevalence of asthma. While the hygiene hypothesis provides one potential explanation, individuals in industrial societies are also inadvertently exposed

162

SOT 2012 ANNUAL MEETING

to an increasing number of chemicals. While many chemicals are known to directly
induce asthma there is also the potential for non-sensitizing chemicals to augment
the immune response induced by other allergens. Our lab has previously demonstrated that dermal application of the environmentally relevant chemical, perflourooctanonic acid, simultaneously with exposure to a single concentration of
protein allergen (OVA) was found to augment the allergic response to that allergen.
Triclosan and Bisphenol-A (BPA) are widely used chemicals found in both occupational and public environments which have recently been associated with increases
in allergy and asthma. BPA, considered to be non-sensitizing, is a substrate of polycarbonate plastics and has been produced in increasingly large quantities since the
1950s. BPA is used to form plastic bottles, as a lining for food and beverage cans,
and as a flame retardant. Triclosan is an antibacterial compound that has been used
in consumer products for 40 years and is currently found in many hand sanitizers
and lotions. The tolerability and safety of triclosan has been evaluated in human
volunteers with little indication of toxicity or sensitization. For these studies a
murine model of asthma was used to evaluate the immunomodulatory effect of coexposure to BPA or triclosan with OVA. Co-exposure to each of these chemicals individually (as low as 30% BPA and 1.5% triclosan) with OVA resulted in an at least
a 2-fold increase in OVA-specific IgE and an augmentation of the airway hyper-reactivity response to methacholine challenge (as low as 7% BPA and 0.75% triclosan) as compared to OVA exposure alone. Understanding the mechanisms by
which mixed exposures influence and augment asthma and asthma-like symptoms
may lead to better prevention strategies for those at risk for asthma.
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IMPACT OF DOSING FREQUENCY ON ANAPHYLAXIS
IN CYNOMOLGUS MONKEYS ADMINISTERED TRU015, AN ANTI-CD20 SMIP™ THERAPEUTIC.

C. M. Rohde1, V. Markiewicz2, S. Thibault3, E. Besteman2, D. W. Clarke4, R.
Perry2 and M. W. Leach1. 1Drug Safety Research and Development (DSRD), Pfizer,
Andover, MA, 2DSRD, Pfizer, Groton, CT, 3DSRD, Pfizer, La Jolla, CA and
4DSRD, Pfizer, Pearl River, NY.
TRU-015, a chimeric (mouse and human) anti-CD20 SMIP™ (mono-specific
protein therapeutic), was administered intravenously (IV) to male and female
cynomolgus monkeys at 0 (vehicle), 15, 50, and 150 mg/kg/cycle (4 to 7 animals/sex/group) for 6 cycles (1 dose/2 wks) to evaluate its toxicity. Infusion reactions consistent with anaphylaxis occurred within 1 hr of dosing starting with 1
male at 15 mg/kg after the 3rd dose. By the 5th dose, animals at all dose levels were
affected with an inverse dose relationship in the severity of reactions.
Diphenhydramine pretreatment initiated at the 6th dose had no apparent impact
on anaphylaxis, leading to dosing termination. A total of 9 of 36 TRU-015-dosed
animals were affected, with elective euthanasia of 2 animals at 15 mg/kg. Of the 9
animals affected, 5 had anti-drug antibodies (ADA) and 4 had evidence of complement activation. The infusion reactions, onset of reactions relative to dosing, presence of ADA, and signs of complement activation were consistent with anaphylaxis
secondary to an immune response to TRU-015. In an effort to successfully conduct
a chronic toxicity study, and based on shorter term toxicity studies in which weekly
dosing did not cause infusion reactions, TRU-015 was administered IV at 0 (vehicle), 15, and 150 mg/kg/cycle (4 animals/sex/group) for 13 cycles (1 dose/wk).
With this regimen, only 1 animal at 15 mg/kg out of 16 TRU-015-dosed animals
had an infusion reaction consistent with anaphylaxis. The reaction occurred within
1 hr of the 7th dose and led to this animal’s death. This animal also had ADA and
evidence of complement activation. Therefore, increasing the dosing frequency successfully reduced the incidence of anaphylaxis related to TRU-015 administration.
This new dosing regimen permitted the conduct of longer duration toxicity studies
in NHPs. Similar immune reactions have not been observed in humans following
extensive clinical experience.
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A CUTANEOUS HYPERSENSITIVITY REACTION TO A
THYROID HORMONE SUPPLEMENT IN A DOG.

S. N. Lavergne1, P. Kennedy2 and K. R. Refsal3. 1Comparative Biosciences,
University of Illinois at Urbana-Champaign, Urbana, IL, 2Private Practice,
Northern Illinois Animal & Bird Hospital, Cary, IL and 3Diagnostic Center for
Population and Animal Health, Michigan State University, Cary, MI.
A dog with clinical signs of hypothyroidism (an autoimmune disease common to
dogs and humans) and low thyroid hormones (T4 and its T3 metabolite) received a
generic T4 supplement. After 2 weeks, the dog developed a severe pruritus and pyoderma on its neck and back with a wide spread erythema. The dog responded to
supplement withdrawal, antibiotics and steroids. A different brand of T4 supplement was prescribed, but the dog had a more severe reaction within less than 48h.
The new drug was therefore discontinued, and the skin signs resolved within a few
days. This led to a clinical diagnosis of delayed immune-mediated skin reaction to
the active ingredient of the supplement.

Because the T3 hormone is a natural metabolite of T4, and because drug hypersensitivities can become life threatening with re-exposure to the drug, we ran a few in
vitro tests before prescribing a T3 supplement. A thyroid autoantibody panel
showed high levels of anti-thyroglobulin antibodies, low levels of anti-T3 antibodies, and no anti-T4 antibodies. This was compatible with a diagnosis of hypothyroidism, but probably not related to this dog’s drug hypersensitivity. With the
owner’s consent, we also isolated some peripheral blood mononuclear cells from the
dog’s blood, and incubated them with T4 or T3 for 4 and 7 days. The cells proliferated in a dose- and time-dependent manner with T3; their response to T4 was
lower and only after 7 days. This suggested that the skin reactions were indeed an
immune reaction against the thyroid supplements, and more specifically against the
T3 metabolite rather than T4 directly. To our knowledge, this is the first report of
delayed hypersensitivity to a thyroid supplement where a specific cellular immunity
against the active ingredient and its metabolite (T4/T3) is demonstrated. This clinical case provides a new example of parallels between drug allergies and autoimmune diseases.

2,4-dinitrobenzene (DNCB) or nickel sulfate (NiSO4), known Nrf2 activators like
sulforaphane or t-butylhydroquinone, and SDS as irritant control. By different
means we could show that sensitizers of varying potency are able to trigger the Nrf2
pathway in a dose-dependent way. All sensitizers tested led to a dose-dependent activation of the ARE-luciferase reporter gene construct. In addition, nuclear accumulation of Nrf2 andinduction of Nrf2 target genes such as heme oxygenase-1
(HO-1), NADPH:quinone oxidoreductase-1 (NQO1), or γ-glutamylcysteine synthetase (γ-GCS) were observed. In the 2D gel approach we could detect specific effects via differentially expressed protein spots. Here we confirm results of previous
studies that treatment of human cells with contact allergens result in the activation
of the Nrf2 pathway. In addition our approach allows for identification of novel
Nrf-2 dependent molecular biomarkers for chemical sensitization.
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THE ROLE OF THE TRANSCRIPTIONAL FACTOR NRF2
IN CONTACT HYPERSENSITIVITY.

Z. El Ali1, C. Gerbeix2, P. Esser3, P. Robert4, J. Legrand2, S. Martin3, M.
Pallardy1 and S. Kerdine-Römer1. 1INSERM UMR-996, Faculté de Pharmacie,
University Paris Sud, Châtenay-Malabry, France, 2Toxicologie, CITOX–Safety and
Health Research Laboratories, EVREUX, France, 3Allergy Research Group,
Department of Dermatology, University Medical Center Freiburg, Freiburg, Germany
and 4Plateforme Animalerie et Exploration Fonctionnelle-IPSIT, University Paris Sud,
Châtenay-Malabry, France.
Chemical sensitizers, inducing contact hypersensitivity (CHS), are known to induce reactive oxygen species (ROS). The Nrf2/Keap1 pathway is central for detoxification. Nrf2 is a redox-sensitive basic leucine zipper transcription factor involved
in the transcriptional regulation of many antioxidant genes. Nrf2 plays a central
role in protecting cells from ROS and electrophiles. We have demonstrated that
contact sensitizers induce, in vitro, the accumulation of Nrf2 in human dendritic
cells. In order to elucidate the role of Nrf2 in CHS, we used the Local Lymph Node
Assay (LLNA) for studying the sensitization phase and the Mouse Ear Swelling Test
(MEST) for studying the elicitation phase during the CHS. These studies were performed, in nrf2 knock out (nrf2-/-) and in wild type (nrf2+/+) mice, in response to
dinitrochlorobenzene (DNCB). The MEST results showed that (DNCB) (1%) induced a higher increase of ear thickness in nrf2-/- mice than in nrf2+/+.
Furthermore, the swelling increase was time dependent after challenge.
Sensitization of mice with DNCB (0.5%) induced a high significant response in
nrf2-/- mice compared to nrf2+/+ mice where no swelling was observed after challenge. On the other hand, results obtained in LLNA showed that DNCB induced
an increase of lymphocyte proliferation in nrf2-/- and nrf2+/+ mice. However, the
stimulation index (SI) for a same concentration was higher in nrf2-/- mice than in
WT nrf2+/+ mice. These results underlie the crucial role of Nrf2 in CHS. Nrf2
seems to control the inflammation response and the lymphocyte proliferation, involved in allergic response to chemical sensitizers.
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A PROTEOMICS APPROACH TO ELUCIDATE THE
ROLE OF THE KEAP1/NRF2 PATHWAY IN THP-1 CELLS
UPON TREATMENT WITH CHEMICAL CONTACT
ALLERGENS.

F. Mussotter1, A. Haase1, Z. El Ali2, S. Kerdine- Römer2, C. Wruck3, M. E.
Goetz1, M. Pallardy2 and A. Luch1. 1German Federal Institute for Risk Assessment
(BfR), Berlin, Germany, 2Faculté de Pharmacie, INSERM UMR 996, University of
Paris-Sud, Paris, France and 3Institute of Anatomy and Cell Biology, University
Hospital of Aachen, Aachen, Germany.
Contact sensitizers are low molecular-weight compounds, which can prompt
Langerhans cells in the skin to subsequently activate naïve T-cells in local lymph
nodes. The underlying molecular mechanisms are only partly understood. Often
these compounds can lead to Keap1/Nrf2 signaling, thereby inducing one of the
major cytoprotective pathways in cells. We aimed to further elucidate the underlying molecular mechanisms and to identify putative biomarkers. We used the monocytic cell line THP-1 as a model system. To check for Nrf2 activation we applied an
ARE-luciferase reporter gene construct, along with RT-PCR and western blot
analyses.We used a proteomics approach based on 2D gels/MALDI-MS/MS analysis to further understand the role of Nrf2 in wildtype and siRNA mediated knock
down cells. We tested contact allergens such as cinnamaldehyde (CIN), 1-chloro-

DEVELOPMENT OF THE U937-PGE2 ASSAY: TEST
CRITERIA AND EVALUATION OF THE
PERFORMANCES.

A. Del Bufalo, C. Gomes, S. Teissier, F. Tourneix, C. Piroird, F. Rousset and J.
Meunier. L’Oréal, Aulnay-sous-Bois, France. Sponsor: H. Toutain.
In the context of the 7th amendment to the Cosmetic Directive, the cosmetic industry is concerned by the challenge of finding non-animal approaches to assess the
sensitizing potential of chemicals in order to manage risk assessment. Using the in
vitro model U937 cell line differentiated into activated macrophages, we have previously shown that sensitizers have the capacity to specifically inhibit the production of prostanoïds (Del Bufalo et al. 2011). The aim of the present work is to evaluate if this new biochemical property could be a hallmark of all sensitizers and if
this “anti-inflammatory” signature could be correlated with the sensitization potential of chemicals. For that purpose we tested 160 chemicals (64 non sensitizers and
96 sensitizers) in the U937 cells differentiated with phorbol myristate acetate
(PMA) and stimulated with lipopolysaccharides (LPS) and evaluated the production of the inflammatory mediator PGE2. Statistical analysis tools as box plot and
ROC (Receiver Operating Characteristic) curve allow us to define the test parameter that discriminates sensitizers from non sensitizers. Our results show that the criteria “inhibition of the PGE2 production” at 24h is a good parameter to predict
sensitizers and the performances of the assay are: 78 % concordance, 83% sensitivity and 71 % specificity (obtained on a validation data set). However there is no
correlation between the magnitude of inhibition for a given molecule and its sensitization potential.
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TOWARD AN INTEGRATED TESTING STRATEGY FOR
SKIN SENSITIZATION: STATISTICAL APPROACH FOR
THE COMBINATION OF NONANIMAL METHODS.

C. Gomes, M. Thomas, H. Nocairi, S. Ringeissen, S. Grégoire, A. Detroyer, S.
Crochet, J. Eilstein, C. Piroird, D. Blanchet, S. Teissier, N. Ade, J. Meunier
and P. Berthe. L’Oréal, Aulnay-sous-Bois, France. Sponsor: H. Toutain.
Contact sensitizers are reactive molecules (hapten) that have the ability to modify
skin proteins to form an antigen which will be recognized by specific T cells activated during the sensitization process. In addition to the haptenation mechanism,
contact sensitizers induce several phenotypic and functional changes of dendritic
cells (DC) either directly or indirectly through intercellular signaling pathways implicating keratinocytes, fibroblasts and other skin cells. This rather complex and
still not fully unraveled maturation process of DC induced by contact sensitizers,
allow them, to migrate to the lymphnode, present antigen and prime efficiently
hapten-specific T cells.
Due to the complexity of this process it is now agreed that alternative hazard identification and risk assessment need to be addressed by combining a battery of methods. The aim of this study was to combine in silico and in vitro tools, from chemical reactivity assay to DC-based assay, into an integrated testing strategy for the
evaluation of skin sensitization. For this purpose we used a full data set on 165
chemicals composed of different variables, representing the results from in silico
predictions (Derek, TIMES, Toxtree), from DPRA, MUSST, Nrf-2 and PGE-2 assays as well as numerous physico chemical experimental or calculated parameters.
In order to avoid the any bias brought by the use of one single statistical method,
we chose the Stacking model allowing us to combine several statistical methods
(Boosting, Bayesian, SVM, Sparse PLS-DA and Scoring). This model provides a
probability for a chemical to be a sensitizer. The performances of the optimal model
are: 85 % concordance, 90% sensitivity and 75 % specificity (obtained on a validation data set). This kind of alternative prediction will ultimately contribute to the
risk assessment decision making in a Weight of Evidence approach.
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EVALUATION OF SENS-IS®, AN EPISKIN® BASED
MODEL FOR IDENTIFYING CHEMICAL SENSITIZERS.

S. Teissier1, F. Tourneix1, A. Del Bufalo1, C. Gomes1, F. Cottrez2, H. Groux2
and J. Meunier1. 1L’Oréal, Aulnay-sous-Bois, France and 2Immunosearch, Grasse,
France. Sponsor: H. Toutain.
In the context of the 2013 ban given by EU Cosmetics Directive, the ability to
identify and classify the skin sensitization potential of chemicals without animals is
of high importance for the cosmetic industry. A range of different in vitro chemistry-based (DPRA, GSH reactivity) and cell-based methods (MUSST, hCLAT,
Keratinosens) have been developed and we are currently evaluating some of them
for their applicability to cosmetic ingredients and their physicochemical diversity.
Although these assays appear to be promising for hazard identification, potency assessment is still limited. Immunosearch has developed SENS-IS, a new method,
based on the quantitative analysis of specific biomarkers expressed in 3D reconstructed epidermis (Episkin®). This new assay provides a possible way to encompass the limitations of monolayer culture models (lack of skin bioavailability properties, different metabolism of the models compared to skin, inability to test water
insoluble chemicals) and might therefore allow a better assessment of the sensitization potency of cosmetic ingredients. With the aim to evaluate the predictive capacity of this approach on a panel of cosmetic ingredients, L’Oréal provided a set of
40 proprietary and public domain chemicals that were assessed by Immunosearch
in a blinded manner. The results of this study show an overall performance of sensitizer/non sensitizer prediction of 87 % with a specificity of 83 % and a sensitivity
of 91 %. The predictive capacity of potency categories of sensitizers (strong, moderate, weak) is however less performant (63% concordance) with 7 chemicals being
overestimated and 8 chemicals being underestimated. Altogether, even if not yet
sufficient for potency determination, SENS-IS is a promising new method for the
skin sensitization evaluation of cosmetic ingredients.
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INDIVIDUAL PREDICTIVE CAPACITIES OF IN SILICO
AND IN VITRO METHODS FOR THE ALTERNATIVE
ASSESSMENT OF SKIN SENSITIZATION: A
COMPARATIVE STUDY ON A COMMON CHEMICAL
SET.

C. Piroird, S. Ringeissen, J. Eilstein, L. Baux, A. Del Bufalo, M. Thomas, H.
Nocairi, C. Gomes, N. Ade, S. Teissier, P. Berthe and J. Meunier. L’Oréal,
Aulnay-sous-Bois, France. Sponsor: H. Toutain.
Skin sensitization is a delayed type allergy consisting of a cellular immune reaction
to small molecular weight chemicals. So far, animal test methods such as the LLNA
are used to predict the skin sensitization potential of unknown chemicals. In line
with the 3Rs concept, ranges of in silico and in vitro alternative methods have been
developed. While in silico methods are based on structure activity relationships, in
vitro assays model the early events of the skin sensitization process: chemical reactivity assays (DPRA, GSH assay) reflect the haptenation mechanism, Nrf-2 based
assays (Keratinosens, AREc42) analyze the induction of the cellular antioxidant
pathway and DC-based assays (MUSST, hCLAT) measure DC maturation markers
(CD86, CD54). These assays were generally shown to have good predictive values
for the hazard identification of skin sensitizers, but the correlation studies reported,
differ in the nature of the reference that was used (animal or clinical references) as
well as in the number of data analyzed.
In the present study, we show the data of 2 in silico methods (Derek, TIMES-SS)
and 3 in vitro assays (DPRA, MUSST, Nrf-2 reporter assay from InVitrogen) on a
common chemical set composed of 165 compounds: 93 proprietary and 72 public
domain references. We analyzed the individual performances of each method for
the hazard identification of sensitizers. The results show that the accuracy varies
from 73 to 92 % with specificities between 66 and 78 % and sensitivities between
76% and 100 %. However, for some methods, often the more accurate ones, the
number of inconclusive results can reach 40 % of the chemicals, which reveals a restricted applicability domain for these methods. In conclusion we describe the complementarities of the 5 methods by showing how the combination of the results allows to overcome the limitations of restricted applicability domains (> 95% of
chemicals classified) and optimize the accuracy of the prediction (> 85 %).
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RUTIN SUPPRESSES HOUSE DUST MITE EXTRACT
AND 2, 4-DINITROCHLOROBENZENE-INDUCED
ATOPIC DERMATITIS.

J. Choi and S. Kim. Pharmacology, School of Medicine, Kyungpook National
University, Daegu, Republic of Korea.
Rutin has been used as a medication for blood vessel protection and as an ingredient of multivitamin preparations and herbal remedies. Rutin is known to have antiinflammatory, anti-oxidative, and anti-cancer activities. However, the effect of rutin
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on atopic dermatitis (AD) has not been studied yet. We evaluated the efficacy of
rutin on AD and allergic contact dermatitis (ACD).Dermatitis was induced on the
ears of BALB/c mice using house dust mite extract (Dermatophagoides farinae extract, DFE) and 2,4-dinitrochlorobenzene (DNCB, 1%). We established an atopic
dermatitis model in BALB/c mice by repeated local exposure of DFE/DNCB to the
ears. Repeated alternative treatment of DFE/DNCB caused AD. Rutin reduced AD
based on ear thickness and histopathological analysis, in addition to serum IgE levels. Rutin inhibited mast cell infiltration into the ear. Rutin suppressed
DFE/DNCB-induced expression of IL-4, IL-5, IL-13, IL-31, IL-32, and INF-γ in
the tissue. In addition, a local lymph node assay confirmed that rutin suppressed
ACD. Rutin also reduced ear thickness, serum IgG2a levels, and expression of IL10, IL-17, and TNF-α in ACD ears. This study demonstrates that rutin inhibits
AD and ACD, suggesting that rutin might be a candidate for the treatment of AD
and ACD.
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CONTINUOUS ACTIVATION OF RESPONDER T CELLS
AND REGULATORY T CELLS CAUSED BY SILICA
EXPOSURE INDUCE DYSREGULATION OF
AUTOIMMUNITY.

T. Otsuki1, H. Hayashi2, S. Lee1, M. Maeda3, 1, N. Kumagai-Takei1, H.
Matsuzaki1, M. Kuasaka4, K. Urakami5 and Y. Nishimura1. 1Hygiene, Kawasaki
Medical School, Kurashiki, Japan, 2Dermatology, Kawasaki Medical School,
Kurashiki, Japan, 3Biofunctional Chemistry, Graduate School of Natural Science and
Technology, Okayama University, Okayama, Japan, 4Internal Medicine, Kusaka
Hospital, Bizen, Japan and 5Hinase Urakami Iin, Bizen, Japan.
Patients with silicosis (SIL) are suffering from pulmonary fibrosis but also often autoimmune diseases such as RA, SSc and ANCA-related vasculitis/nephritis.
Although it has been considered that silica can act as adjuvant, we had been reported that the inhibitory effects of peripheral CD4+25+ T cell fraction (should include CD4+25+FoxP3+ regulatory T cells, Treg) derived from SIL was reduced
when compared with that derived from healthy donors (HD). To explore this phenomenon, the activation status of responder T cells (Tresp) and Treg had been analyzed. Regarding Tresp, silica stimulated Tresp in vitro when monitored by CD69
expression, as well as CD69 mRNA expression was higher in CD4+25- fraction
from HD than those from SIL. The PD-1 mRNA as activation marker was higher
both in CD4+25+ and 25- fraction from SIL than those from HD. These findings
indicated silica can activate Tresp. On the other hand, Treg from SIL showed higher
expression of CD95/Fas surface expression than that from HD and peripheral
CD4+25+ cells from SIL proceeded to apoptosis faster and stronger than that from
HD, when these cells were cultured with Fas-stimulating MoAb. Furthermore,
PBMCs from SIL or HD were cultured with silica, those from SIL showed higher
loss of FoxP3+ true Treg than those from HD. Those findings indicate that silica
can activate both Tresp and Treg resulting entry of activated Tresp into CD4+25+
fraction and early loss of true Treg caused by excess CD95/Fas expression as the
phenotype of activation. Thereafter, these chronic and recurrent modifications of
Tresp and Treg may induce the longer survival of Tresp including autoreative T cell
clones and also loss and recruitment of Treg with lesser function of inhibition for
stimulated Tresp activity.
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EFFECTS OF LIBBY AMPHIBOLE EXPOSURE ON THE
DEVELOPMENT OF AUTOIMMUNITY IN THE RAT.

K. D. Salazar, C. B. Copeland and R. W. Luebke. EPA, Research Triangle Park,
NC.
Epidemiological data suggest that exposure to the amphibole-containing vermiculite in Libby, MT was associated with increased risk (odds ratio of 2.14) for developing systemic autoimmune diseases (SAID). Elevated titers of antinuclear antibodies (ANA) were also found in Libby residents; however, increased ANA alone
are not sufficient to induce SAID. Our goal was to establish a relationship between
increased ANA titers in Libby amphibole (LA)-exposed rats with other hallmarks of
SAID. Female Lewis rats were intratracheally instilled biweekly for 13-weeks with
total doses of 0.15, 0.5, 1.5, 5.0 mg LA or 0.5 or 1.5 mg amosite (reference amphibole fiber). Blood and urine samples were collected every 4 weeks from the beginning of the study for 28 weeks and monitored for markers of autoimmunity. ANA,
antibody specificity to extractable nuclear antigens (ENA) and anti-dsDNA were
measured in the serum and protein concentrations were measured in the urine.
Histopathological analysis was performed on the kidneys at the conclusion of the
study. ANA was significantly increased in all asbestos dose groups, however no dose
response was observed. ENA analysis determined that 94% of ENA- positive samples were specific for the Jo-1 antigen, a marker associated with interstitial lung disease and myositis. Urine protein concentration, anti-dsDNA titers and kidney
histopathology were not affected by LA or amosite exposure. In addition, a
NOAEL was not determined for ANA titers in LA-exposed rats. These data support

a positive association between elevated ANA and amphibole exposure. However,
enhanced ANA was not correlated with other hallmarks of SAID thus precluding a
conclusion on the significance of elevated ANA. Neither anti-Jo-1 antibodies nor
myositis has been reported in asbestos-exposed populations, suggesting that the
Lewis rat may not be a suitable model for study. This abstract does not reflect EPA
policy.
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TRICHLOROETHENE-INDUCED NITROSATIVE
STRESS: PROTEOMIC IDENTIFICATION OF
NITRATED PROTEINS IN THE LIVER OF MRL+/+
MICE.

G. Wang1, X. Fan1, X. Luo2 and M. Khan1. 1Pathology, University of Texas
Medical Branch, Galveston, TX and 2Biomolecular Resource Facility, University of
Texas Medical Branch, Galveston, TX.
Exposure to trichloroethene (TCE), a common environmental contaminant, is associated with an autoimmune response, but the mechanisms remain largely unknown. Liver is one of the major organs affected by TCE exposure. Previous studies
from our laboratory have shown that TCE exposure in mice leads to increased nitrosative stress in livers, and suggested a potential role of the nitrosative stress in
TCE-mediated autoimmunity. To further explore the role of nitrosative stress in
TCE-mediated autoimmunity, the current study using proteomic approaches (2D
gel, Western blot, MALDI TOF/TOF MS/MS, etc.), was conducted to characterize
the nitrated proteins in the livers of TCE-exposed mice. Female MRL +/+ mice
were treated with TCE (10 mmol/kg, i.p., every 4th day) for 6 weeks, and liver proteins were extracted for the identification of nitrated protein and iNOS expression.
A total of thirty nine proteins were identified in the livers of TCE-treated mice,
whereas 21 proteins were found in the livers of both TCE-treated and control mice.
The nitrated proteins were found in the molecular weight range of 19.1 to 128.3
kDa and PI range of 4.9 to 8.8. The identified nitrated proteins mainly represented
skeletal proteins, enzymes, stress proteins and chaperones. Furthermore, TCE exposure led to significantly increased iNOS protein expression in the livers, suggesting
its contribution to increased formation of reactive nitrogen species and thus, contribution to increased nitrated proteins. The identified nitrated proteins provide a
global map to further investigate alterations in their structural and functional properties, which will lead to a better understanding of the role of protein nitration in
TCE-mediated autoimmunity. Supported by NIH ES016302.

760

INTERRELATIONSHIPS OF PEROXIDATION AND
IMMUNOGENICITY OF CARDIOLIPIN: AN
OXIDATIVE LIPIDOMICS APPROACH.

J. Frostegård2, V. Tyurin1, Y. Tyurina1, A. Amoscato1, J. Su2, K.
Balasubramanian1, A. Maeda1, B. Fadeel2, J. Greenberger1, R. Mallampali1, B.
Pitt1 and V. Kagan1. 1EOH, University of Pittsburgh, Pittsburgh, PA and 2Karolinska
Institutet, Institute of Environmental Medicine, Stockholm, Sweden.
The myriad of neoepitopes formed during lipid peroxidation trigger potent innate
and adaptive immune responses. Experimental and clinical studies have been
mostly focused on immunogenic properties of oxidized species of phosphatidylcholine (PCox) and phosphatidylserine (PSox). Lately, a mitochondria-specific anionic phospholipid, cardiolipin (CL), particularly its peroxidized molecular species
(CLox) attracted attention as innate and adaptive immunogens and predictors of
clinical outcomes and novel therapeutic modalities for vaccination. Specific interrelationships between the emergence of individual molecular species of CLs/CLox in
circulation and the appearance of the respective antibodies remain unknown. This
is due to the lack of specific/sensitive analytical tools to characterize a huge diversity
of individual CL and CLox. Using mass spectrometry based oxidative lipidomics,
we focused on the analysis of molecular species of CLs and CLox in plasma of mice
exposed to total body irradiation (9.5 Gy) or bacterial infection (Pseudomonas
aeruginosa, PA103) as well as in plasma from ARDS patients. In the latter cases, we
were able to detect the presence of both host and bacterial CLs in LC/MS spectra of
plasma lipids. While relatively low molecular mass species (m/z 1376 and 1418) are
typical of bacterial CLs, larger CL molecules (with m/z from 1448) dominate in
MS of mammalian plasma CLs. Simultaneously, antiCL/CLox antibodies were detected in plasma. We also found that CL-containing liposomes and CL-coated mitochondria were recognized and taken-up by RAW264.7 macrophages. The data
are discussed in the context of possible roles that CLs/CLox play as
PAMPs/DAMPs regulating adaptive and innate immune responses. Supported by
NIOSH OH008282; NIH U19 AI068021, HL70755, HL094488, ES020693,
ES021068.
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COMPARISON OF SERUM AUTOANTIBODY
PREVALENCE IN ASBESTOS-EXPOSED POPULATIONS.

E. C. Birch, K. M. Serve and J. C. Pfau. Biological Sciences, Idaho State University,
Pocatello, ID.
Research suggests that some asbestos exposures trigger autoimmune responses.
Asbestos-induced autoimmunity is of particular concern as a novel, non-pulmonary component of asbestos-related diseases (ARDs) and may contribute to the
on-set or progression of traditional pulmonary ARDs such as pleural fibrosis.
Recent studies in our laboratory revealed an increased number of autoantibodies in
patients exposed to amphibole asbestos compared to a control population.
Statistical analyses demonstrated a positive and significant correlation between the
presence of pleural abnormalities and anti-nuclear antibodies (ANAs) or mesothelial cell autoantibodies (MesCAAs). While a clear association between amphiboleinduced autoantibodies and pleural disease exists, amphibole exposure is relatively
rare compared to the commercially used chrysotile asbestos fiber. Therefore, we examined serum from a chrysotile-exposed population for the presence of ANAs and
MesCAAs. ANAs were detected in <1% of the chrysotile group compared to 62%
of the amphibole group while MesCAAs were detected in approximately 19% of
serum in each group. However, unlike the amphibole group, pleural disease was not
significantly associated with MesCAA presence in the chrysotile group. Instead, the
only factor significantly correlated with disease status in the chrysotile group was
patient age. These data are consistent with clinical data reporting little or no autoimmune disease in chrysotile-exposed patients and pleural diseases that manifest
later in life compared to amphibole-exposed patients. On-going studies are further
exploring the relationship between the molecular structure of asbestos fibers and
ARD pathology and progression.
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ASBESTOS-INDUCED MESOTHELIAL CELL
AUTOANTIBODIES PROMOTE COLLAGEN MATRIX
FORMATION.

K. Serve, R. Crouch and J. C. Pfau. Biological Sciences, Idaho State University,
Pocatello, ID.
Populations exposed to amphibole asbestos present with various respiratory tract
diseases, including cancer and fibrosis, as well as autoimmune diseases. Studies in
our laboratory have demonstrated the presence of asbestos-induced autoantibodies
against fibroblast and mesothelial cells in amphibole-exposed humans and mice.
Mechanistic studies demonstrated that anti-fibroblast antibodies (AFAs) induce
cultured fibroblast cells to express a myofibroblast phenotype and up-regulate collagen production. Immunohistochemistry studies revealed increased accumulation of
collagen protein in amphibole-exposed mice, but collagen localized with mesothelial, not fibroblast, cells. Subsequently, mesothelial cell autoantibodies (MesCAAs)
were identified in sera from amphibole-exposed subjects from Libby, MT.
Therefore, we hypothesized that MesCAAs induce a mesothelial-mesenchymal
transition resulting in increased collagen synthesis. We incubated cultured human
mesothelial cells with sera identified as MesCAA positive (+ive) or negative (–ive)
and assayed for mesenchymal transition and collagen production. Serum cleared of
MesCAA (IgG isotype) was used as a negative control. Flow cytometric analysis revealed no changes in the expression of the mesothelial cell marker cytokeratin-8 or
the myofibroblast cell marker α-smooth muscle actin indicating that MesCAAs do
not induce a mesenchymal transition. Increased concentrations of soluble collagen
protein were detected in the supernatant of cells incubated with MesCAA+ive or
–ive sera but not with cleared sera. However, only MesCAA+ive sera induced formation of a collagen matrix, perhaps through regulation of matricellular proteins.
These data indicate that, unlike AFAs, MesCAAs affect matrix-collagen accumulation without inducing phenotypic changes. This study provides a better mechanistic understanding of how autoantibodies may contribute to the progression of asbestos-related fibrosis.
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USE OF IN VITRO AND IN VIVO METHODS TO ASSESS
THE SENSITIZATION POTENTIAL OF NOVEL AMINO
ALCOHOLS.

B. J. Hughes, D. M. Wilson, N. Ball, D. I. McCready, R. R. Hunziker and D.
R. Boverhof. TERC, The Dow Chemical Company, Midland, MI.
The Local Lymph Node Assay (LLNA) is the principle preferred method for assessing the skin sensitization potential for EU REACH regulatory purposes. However,
the LLNA has been found to overestimate sensitization potential for various compounds such as surfactants, fatty acids and alcohols. Amino Alcohols, as a class,
have been shown to be non sensitizers. We have discovered four alcohol amines;
aminocyclohexane (ACyHM), 2-aminopropanol (2-AP), aminomethylcyclohexanol (AMCyHOL) and aminododecane (ADD), that tested positive in the LLNA.
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To confirm the LLNA findings, we conducted the guinea pig maximization
(GPMT) and protein reactivity tests. Only 2-AP and AMCyHOL tested positive in
the GMPT. The protein reactivity assay failed to show any of these chemicals depleted free peptide by more than 15% through covalent bonding. QSAR
(DERMWIN™ v2.01) predictions were used to estimate dermal absorption and
ranged from 1% for 2-AP, 8% for AmCy HOL, 36% for ACyHM, and 100% for
ADD. ADD may have high uptake in the strateum corneum but have a low transfer rate to the epidermis due to its high lipophilicity. Of note, amino alcohols are
highly irritating and ACyHM and ADD were corrosive using the Epiderm™ skin
model. Findings from these investigations will serve to train QSAR models for accurate predictions of skin sensitization for this class of chemicals. Additionally, it is
important to determine which chemical classes or characteristics lead to overestimates in the LLNA.
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DRUG TOXICITIES ASSOCIATED WITH
PHARMACOLOGICAL ACTIVITY: USING
HARMONISED DATA TO MAKE THE KNOWN VISIBLE.

J. Sidaway1, M. Rolf1, S. Roberts1, R. Huby1, T. Noeske1, A. Nicholson2, J.
Pemberton2, M. South2, O. Engkvist3, P. Bradley4 and J. Reed4. 1Safety
Assessment, AstraZeneca, Macclesfield, United Kingdom, 2Discovery Sciences,
AstraZeneca, Macclesfield, United Kingdom, 3Discovery Sciences, AstraZeneca,
Mölndal, Sweden and 4BioWisdom Ltd, Cambridge, United Kingdom.
Incompatible database formats limit the value of the large amount of publicly available data on adverse events caused by drugs. The BioWisdom Safety Intelligence
Program (SIP) is a harmonised database from Medline and other compound /
safety databases that specifically links compounds to toxicities. We have combined
physiological and pathological human observations from SIP with target profiles of
drugs (BioPrint®,Cerep,France) to identify associations between pharmacological
activities and adverse events. Compound-toxicity links were grouped into tissue
categories and into a hierarchical system based on Medical Dictionary for
Regulatory Activities (MedDRA). Fisher’s exact test (adjusted for false discovery)
was used to identify significant associations between compounds in each tissue or
MedDRA group and activity (< 10 μM) against each target in BioPrint. 378 significant target tissue associations were identified, including known relationships such
as cyclooxygenase (COX) 1/2 and the kidney and estrogen receptor alpha and the
uterus. Less well known associations with targets were also identified, such as cytochrome P450 2C9 and the vasculature and neurokinin 2 and the heart. The
MedDRA terminology enabled some target adverse event relationships to be
tracked from the System Organ Class (SOC) to the mechanistically more informative Preferred Term (PT), for example HMG-CoA reductase to musculoskeletal disorder (SOC) and myositis (PT) and COX2 to renal and urinary disorders (SOC)
and nephrotic syndrome (PT). In summary, we have validated an approach using
harmonised adverse event data from the public domain to identify associations with
pharmacological screening data; this could also be applied to other compound characteristics such as physicochemical properties and structural moieties.
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Abdo1,

THE 1000 GENOMES TOXICITY SCREENING PROJECT:
UTILIZING THE POWER OF HUMAN GENOME
VARIATION FOR POPULATION-SCALE IN VITRO
TESTING.
Xia2,

Kosyk1,

Huang2,

Sakamuru2,

Austin2,

N.
M.
O.
R.
S.
C. P.
R. R.
Tice3, F. A. Wright1 and I. Rusyn1. 1University of North Carolina at Chapel Hill,
2
3
Chapel Hill, NC, NIH Chemical Genomics Center, Rockville, MD and Division of
the National Toxicology Program, NIEHS/NIH, Research Triangle Park, NC.
Comparative genomics and population genetics have led to better understanding of
the genetic diversity in humans. The International HapMap and the 1000
Genomes projects have established human lymphoblast cell lines from racially and
geographically diverse populations. These cells can be used as an in vitro toxicity
testing model that takes advantage of the dense genotyping and RNA sequencing
data. We selected 1104 cell lines from 9 populations representing 5 continents:
Utah residents with Northern & Western European ancestry; Han Chinese in
Beijing, China; Japanese in Tokyo, Japan; Luhya in Webuye, Kenya; Mexican ancestry in Los Angeles, CA; Tuscan in Italy; Yoruban in Ibadan, Nigeria; British from
England and Scotland; and Columbian in Medellin, Colombia. Of these, 1095 cell
lines (99.2%) were screened in quantitative high-throughput screening format with
180 chemically diverse environmental chemicals at 8 concentrations (0.3 nM-92
μM) in a cell viability (CellTiter-Glo®) assay. Duplicate 1536-well plates were
screened for ~70% of the cell lines, revealing excellent intra- and inter-experimental reproducibility in both concentration-response curve class and relative cell viability (r=0.977 for EC50 values). Among the 180 substances screened, the variabil-
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ity in cytotoxicity induced by individual compounds (from 20% to 68%) across the
different human cell lines demonstrates the presence of considerable inter-individual variability in sensitivity to chemicals. The 1000 Genomes-based in vitro screening model offers exceptional opportunities for identifying variations in response at
the DNA sequence level, filling gaps in high-throughput risk assessments by establishing population-based confidence intervals in toxicity, and probing candidate
susceptibility pathways by exploring the correlations with mRNA levels.
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A MAPPING BASED ON PHYSICOCHEMICAL
FEATURES: LESSONS LEARNED.

G. Ouédraogo1, A. Detroyer1, L. Bourouf1, H. Nocairi1, S. Loisel1, C.
Chettaoui1, R. Note1, S. Ringeissen1, J. Meunier1, P. Berthe1, D. Reif2, M.
Martin2, A. Richard2, R. Judson2, D. Dix2 and R. Kavlock2. 1L’Oréal, Aulnaysous Bois, France and 2NCCT/ORD, Raleigh, NC.
The ban on animal testing of cosmetic products for systemic toxicity in Europe is
foreseen in 2013. Several research programs involving the public and private sectors
have been initiated with the aim of fulfilling regulatory requirements and complying with this transformative shift in toxicology. L’Oréal has been promoting such efforts with an emphasis on developing capacity for predicting the toxicity of the socalled “real-life”chemicals. Many efforts have been made in order to handle the
complexity, diversity and specificity of cosmetic ingredients in terms of chemical reactivity, classes and solubility profiles. The present study was an exploration of the
chemical space being used to develop predictive models for systemic toxicity using
the US EPA’s ToxCast™ high throughput screening data, beginning with the 309
compounds of ToxCast Phase I for the training set. In order to enrich the chemical
selection list and eventually expand the applicability domain of the proposed
model, a comparative study of the ToxCast Phase II and L’Oréal chemical spaces
(673 and 708 compounds, respectively) has been completed using a panel of 19 calculated structural and physico-chemical properties. While the simple comparison
of the two inventories by strict structural similarity (CAS) yielded a poor overlap,
using the physico-chemical properties showed a high degree of overlap—indicating
that the knowledge and models derived from the Phase I and Phase II Toxcast effort
could be extended to a broader chemical space. This result will help define a rationale for selecting additional compounds for ToxCast in order to enrich the training
set of the proposed model. However, future work is required to identify physicochemical properties that are best associated with systemic toxicity, and extend the
exercise to categories like mixtures and polymers which are commonly used in consumer products. This abstract does not necessarily reflect US EPA policy.
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PREDICTION OF CYTOCHROME P450 PROFILES OF
ENVIRONMENTAL CHEMICALS WITH QSAR MODELS
BUILT FROM DRUG-LIKE MOLECULES.

M. Xia1, H. Sun1, H. Veith1, C. P. Austin1, R. R. Tice3, R. J. Kavlock2 and R.
Huang1. 1NIH Chemical Genomics Center, Bethesda, MD, 2US EPA, Research
Triangle Park, NC and 3Division of the National Toxicology Program, National
Institute of Environmental Health Science, Research Triangle Park, NC.
The human cytochrome P450 (CYP450) enzyme family is involved in the biotransformation of many environmental chemicals. As part of the U.S. Tox21 effort,
we profiled the CYP450 activity of ~2800 chemicals predominantly of environmental concern against CYP1A2, CYP2C19, CYP2C9, CYP2D6, and CYP3A4
isoforms in a quantitative high throughput screening (qHTS) format. Five support
vector machines (SVM) models built from a large dataset consisting of over 17,000
drug-like compounds were challenged to predict the CYP450 activities of the
Tox21 Phase I compound collection. Although a large fraction of the test compounds fall outside of the applicability domain (AD) of the model, as measured by
k-nearest neighbor (k-NN) similarities, the predictions were accurate for CYP1A2,
CYP2C9, and CYP3A4 ioszymes with area under the receiver operator characteristic curves (AUC-ROC) ranging between 0.83 and 0.85. However, the CYP2C19
and CYP2D6 models had lower predictive power with AUC-ROC of 0.76 due to
larger variations in the CYP2C19 training data and imbalanced training (13.8%
positives) and test data (9.9% positives) for the CYP2D6 model. Several different
rebalancing strategies were applied to the CYP2D6 dataset, and the consensus of
the random under-sampling method outperformed other re-sampling methods.
Atom type-based models achieved better predictive accuracies over all five CYP450
isoforms than those based on ECFP_6 and MOE 2D descriptors. Our results
demonstrate that decomposing molecules into atom types enhanced the coverage of
AD, thus the models can be used to predict the ability of non-drug like compounds
to interact with these CYPs. Supported by NIEHS Interagency Agreement Y3-ES7020-01 and EPA Interagency Agreement Y3-HG-7026-03.
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QSAR MODELING OF HUMAN PLASMA PROTEIN
BINDING.

X. Zhu1, 2, A. Sedykh2, H. Zhu2, A. Golbraikh2, F. Denis2, S. Liu1 and A.
Tropsha2. 1Tongji University, Shanghai, China and 2University of North Carolina at
Chapel Hill, Chapel Hill, NC.
Accurate prediction of plasma protein binding (PPB) of small molecules is critical
in pharmacokinetic research. Previous modeling studies of PPB were limited to
small data sets. We have compiled and curated a set of 1244 compounds with
known percent-scale PPB values (%PPB) from several publicly available depositories. We compared two endpoints: (1) the standard %PPB and (2) lnKa calculated
as a logarithm of “binding constant”-like parameter derived from %PPB values.
Quantitative Structure-Activity Relationship (QSAR) models were derived using
Dragon descriptors and three machine learning methods (k-nearest neighbors, support vector machines, and random forest). Based on the consensus prediction of the
three modeling methods, five-fold external validation yielded correlation coefficient
(R2) of 0.68 and the mean absolute error (MAE) of 16.4% for the %PPB models,
and R2 of 0.66 and MAE of 13.6% for the lnKa models. Moreover, to additionally
validate our QSAR models, we predicted a set of 236 chemicals with high-throughput screening %PPB values measured under the framework of US EPA ToxCast
project. For those ToxCast chemicals, the MAE of the %PPB and lnKa models was
19.3% and 14.9%, respectively. Overall performance of lnKa QSAR models was
only slightly better than those of %PPB models, but much better for high-affinity
compounds. For example, 470 out of 1244 compounds had %PPB≥ 90% and their
external MAE was 15.7 and 7.8% for %PPB models and lnKa models, respectively.
Likewise, the MAE of 158 high-affinity ToxCast chemicals was 18.1 and 11.5% for
%PPB and lnKa models. For high-affinity compounds the experimental error is estimated to be 1-5%; MAE of lnKa models was found to be significantly lower than
that of %PPB models (p < 0.01). In summary, we have developed and rigorously
validated QSAR models for predicting PPB of chemicals (especially for strong
binders) based on the largest publicly available PPB dataset. These models can be
used to evaluate critical pharmacokinetic endpoint as part of human health risk assessment.
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QUANTITATIVE STRUCTURE-ACTIVITY
RELATIONSHIPS FOR CYCLODIENE INSECTICIDES
INHIBITING GAMMA-AMINOBUTYRIC ACID
RECEPTOR SUBTYPE A.

C. Hack, C. D. Ruark, P. J. Robinson and J. M. Gearhart. AFRL/HJF, WrightPatterson AFB, Dayton, OH.
Cyclodiene insecticides such as dieldrin and endosulfan act as non-competitive antagonists of GABA, an inhibitory neurotransmitter of the nervous system. It is well
accepted that the site of action of these insecticides is the picrotoxinin (PTX) binding site on the GABAA receptor chloride channel complex. Other structurally similar GABA antagonists are believed to also act at the same or an overlapping site.
Herein, a quantitative structure-activity relationship (QSAR) model using BHC,
endosulfan and various bicyclophosphates, dioxatricyclododecenes and related
compounds was developed to predict rat brain GABA receptor pIC50 (1 / log of
the 50% inhibitory concentration of rat GABAA receptors). Chemical structures
were drawn and three dimensionally optimized using the CHARMM force field in
Advanced Chemistry Development (ACD) Labs, ChemSketch. Chemical descriptors were calculated using AMPAC and Codessa 2.51 (SemiChem, Inc.) and
heuristic regression was used to develop equations correlating structure with activity. The initial QSAR model developed yielded an R2 of 0.57. Separating the compounds into those with linear bridgehead substituents (series I) and non-linear substituents (series II) yielded R2 values of 0.80 and 0.65, respectively. The results
emphasize the importance of classifying these compounds into two different series
based upon their bridgehead substituent. This project received support from the
Defense Threat Reduction Agency - Joint Science and Technology Office, Basic and
Supporting Sciences Division. This abstract has been cleared for public release:
88ABW-2011-4758, 9/6/2011.
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DEVELOPMENT OF STRUCTURE-ACTIVITY
RELATIONSHIP (SAR) ALERTS FOR THE PREDICTION
OF PHOTOTOXICITY: MYTH OR REALITY?

L. Coquin and R. Williams. Lhasa Limited, Leeds, United Kingdom. Sponsor: C.
Marchant.
Structural alerts represent a method of predicting the toxicity of a compound according to the presence of certain toxicophores. The technique is a valuable tool in
the in silico prediction of endpoints such as mutagenicity or skin sensitisation.

Alerts may be derived from available experimental data even when it is discordant,
if knowledge of the chemical and biological mechanisms of toxicity can be elucidated. We explored whether this methodology could be used to further develop
alerts for the prediction of phototoxicity. An in house data set was compiled from
the published literature, containing 119 chemicals with either in vitro (e.g.
3T3NRU phototoxicity, photohaemolysis), in vivo or clinical phototoxicity data.
The data set was compared with a collection of 6 existing structural alerts for phototoxicity and visually analysed to identify common structural features with phototoxicity potential. For these, further research was conducted to identify additional
supporting toxicity, photophysical and photochemical data. The existing collection
of structural alerts for phototoxicity correctly predicted activity for 26% of the phototoxic compounds, suggesting that this data set illustrated a different region of
chemical space described to that in the knowledge base. 26 New chemical classes
with the potential to be developed into structural alerts were identified; 5 were assessed as strong candidates: hexatrienes, quinolines, 2-arylpropionic acids, halogenated phenols and phenothiazines. For illustration, the development of the
quinolines alert will be described. As a result, this updated knowledge base shows
an improved sensitivity of 47% and expands its coverage of simple aromatic UV absorbers, a common characteristic of the chemicals in the training set. The present
work has demonstrated that new structural alerts to predict the phototoxicity of
aromatic drug chemical classes can be written using available data in the literature,
together with an understanding of the mechanisms of toxicity and photostability.
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HIGH-THROUGHPUT ASSESSMENTS OF
CONVENTIONAL AND ALTERNATIVE COMPOUNDS.

D. J. Dix, K. Houck, R. Judson, N. Kleinstreuer, T. Knudsen, M. Martin, D.
Reif, A. Richard, N. Sipes and R. Kavlock. ORD/NCCT, US EPA, Research
Triangle Park, NC.
High-throughput approaches for quantifying chemical hazard, exposure, and sustainability have the potential to dramatically impact the pace and nature of risk assessments. Integrated evaluation strategies developed at the US EPA incorporate inherency, bioactivity, bioavailability, metabolism and other properties critical to
predicting and modeling toxicodynamics and toxicokinetics. Combined hazard and
exposure predictions make it possible to derive relative estimates of risk for chemicals and proposed “green” alternatives. The US EPA’s ToxCast research project uses
high-throughput screening (HTS) and a pathway-based approach to predict chemical hazard. Phase I and II of ToxCast tested 1060 unique compounds, including
135 failed pharmaceuticals donated by industry partners, reference compounds
known to be endocrine disruptors, carcinogens or reproductive/developmental toxicants, high-production volume chemicals, food additives, cosmetic ingredients,
and proposed alternatives to commonly used plasticizers and surfactants. HTS
Results are presented from this large-scale high throughput screen using cutting
edge research on bioactivity, dosimetry and exposure, with a specific focus on practical incorporation of sustainability metrics. Initial analysis of 51 chemicals in Phase
I and II of ToxCast included BPA and TGSA; the surfactants PFOA, PFOS and 4
alternatives; 18 phthalate plasticizers and 25 alternatives. Predictive models for reproductive and developmental toxicity, based on ToxCast data, were used to generate Toxicological Prioritization Index (ToxPi) rankings of chemicals. In general alternatives had lower predicted reproductive or developmental toxicity than
conventional plasticizers or surfactants. An in silico vasculogenesis model was also
used to compare chemicals potential to disrupt this important cellular process in
tissue development. This work demonstrates the ability for rapid assessment of
“green” alternatives supporting timely, transparent and sustainable decisions. This
abstract does not necessarily reflect US EPA policy.
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USING RNA-SEQ TO DEFINE GENE EXPRESSION
RESPONSES FOLLOWING GOLD NANOPARTICLES
(AUNPS) EXPOSURES IN EMBRYONIC ZEBRAFISH.

L. Truong1, 2, S. C. Tilton3, T. Zaikova2, 4, K. M. Waters3, J. Hutchison2, 4 and
R. L. Tanguay1, 2. 1Environmental & Molecular Toxicology, Environmental Health
Sciences Center, Oregon State University, Corvallis, OR, 2Oregon Nanoscience and
Microtechnologies Institute and the Safer Nanomaterials and Nanomanufacturing
Initative, Corvallis, OR, 3Computational Biology and Bioinformatics Group, Pacific
Northwest National Laboratory, Richland, WA and 4Chemistry, University of Oregon,
Eugene, OR.
In a previous study, we assessed the interaction between nanoparticles and biological systems using a library of gold nanoparticles (AuNPs) and the sensitive embryonic zebrafish model. We found that AuNPs functionalized with 3-mercaptoproponic acid (3-MPA) and 2-(2-(2-mercaptoethoxy)ethoxy)ethanol (MEEE) induced
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differential biological responses. Embryonic zebrafish exposed to 1.2 nm 3-MPAAuNPs failed to respond to a touch on the caudal fin at 120 hours post fertilization,
while those exposed to 1.5 nm MEEE-AuNPs had a normal touch response. To investigate the molecular mechanism underlying the differential touch response,
whole animal RNA-seq was conducted. Total RNA was isolated from embryonic
zebrafish exposed to the 100% effective concentration (EC100) for 1.2 nm 3MPA- and 1.5 nm MEEE-AuNPs (10 ppm) at 48 hours post fertilization (hpf ).
While the core materials (Au) for both nanoparticles are identical, the surface functionalities caused unique gene expression changes. 57,095 transcripts were mapped
to ensembl version 9. At 48 hpf, 810 transcripts were common between MPA- and
MEEE-AuNP exposed groups, while 1,099 and 1,523 transcripts were unique and
statistically significantly differentially expressed in MPA- and MEEE- exposed embryos, respectively. Bioinformatic pathway analysis similarly identifies unique pathway perturbations following exposure to these AuNPs. This research is supported
by NIEHS F31 ES019445-01, P30 ES000210, ES016896, and Air Force Research
Laboratory #FA8650-05-1-5041.
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DISCOVERY OF NOVEL RAT MICRORNAS USING
NEXT-GENERATION SEQUENCING.

F. Meng1, M. Hackenberg2, Z. Li1, J. Yan1 and T. Chen1. 1Division of Genetic
and Molecular Toxicology, National Center for Toxicological Research/FDA, Jefferson,
AR and 2Genetics Department, Facultad de Ciencias, Universidad de Granada,
Granada, Spain.
MicroRNAs (miRNAs) are noncoding RNAs with 18–25 nucleotides in length.
miRNAs can bind to their target mRNA to inhibit mRNA translation. Therefore,
miRNAs are important regulators for gene expression. However, rat miRNAs have
not been fully explored and currently only 679 have been reported in miRBase version 17. Since identification of novel miRNAs will provide valuable insights into
their functions, we conducted this study to discover novel miRNAs in rat using the
next-generation sequencing (NGS) technology. Eight rat kidney samples, 4 from
untreated rat and 4 from rats treated with human carcinogen aristolochic acid (AA),
were used for small RNA library construction. Application of the different animals
treated with a carcinogen and its vehicle control could strengthen the discovery of
possible novel miRNAs according to the common novel miRNAs existed in the different animals and the differentially expressed novel miRNAs due to the treatment.
The NGS was conducted using Illumina Genome Analyzer II platform. NGS data
was analyzed by miRanalyzer. Totally, 14,358,136 sequence reads were obtained,
among which 332 novel miRNAs candidates homolog to other species and 100 rat
specific candidates were identified. Custom miRNA microarray containing 5460
miRNAs from 32 vertebrate species and the 100 rat specific candidates were employed to validate those candidates. Nine novel rat miRNAs were discovered using
a strict criteria (NGS reads >10 and miRNA array signal intensity >31 for every rat
samples). One of the novel rat miRNA was statistically significantly dysregulated by
the AA treatment (P <0.05). Since only one new rat miRNA was added from the
version 16 to version 17 miRBase, our discovery will greatly advance our understanding of gene regulation mechanisms, discovery of novel biomarkers in cancer
risk assessment and toxicological research.
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GENE LOCI ASSOCIATED WITH METABOLISM OF
INORGANIC ARSENIC IN MICE.

T. Agusa1, H. Komori2, Y. Soga2, M. Nose2, S. Mori3, R. Kubota4, S. Tanabe1
and H. Iwata1. 1Center for Marine Environmental Studies (CMES), Ehime
University, Matsuyama, Japan, 2Department of Pathology, Ehime University
Graduate School of Medicine, Toon, Japan, 3Department of Oral Medicine and
Surgery, Tohoku University Graduate School of Dentistry, Sendai, Japan and
4National Institute of Health Sciences, Tokyo, Japan.
To identify genetic loci responsible for inorganic As (IA) metabolism, a quantitative
trait locus (QTL) analysis was performed using MXH/lpr recombinant inbred
mouse strains exposed to inorganic As. We analyzed concentrations of arsenite
(As[III]), arsenate (As[V]), monomethylarsonic acid (MMA), and dimethylarsinic
acid (DMA) in the liver of nine MXH/lpr strains. In all the strains, concentration
of the sum of As compounds (SA) in the liver was negatively correlated with hepatic
DMA composition (%DMA), whereas the opposite trend was observed for IA
(As[III] + As[V]) composition (%IA). This result suggests that IA metabolic capacity significantly influences As accumulation in mice. Furthermore, significant differences in the concentrations and compositions of As compounds were found
among these strains. QTL analysis showed that a significant linkage was identified
on for %DMA with chromosomes 14 and 3. For %IA, a significant linkage was
identified on chromosomes 14 and 5. Interestingly, the loci on the chromosomes
14 and 5 were correlated with %IA in an additive manner.
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THE FUNCTION OF ETHYLENE IN SYNECHOCYSTIS
SP. PCC 6803.

J. L. Wynder1, D. Binder3 and R. F. Lacey2. 1Chemistry, Southern University and
A&M College, Baton Rouge, LA, 2Biochemistry and Cellular & Molecular Biology,
University of Tennessee, Knoxville, LA and 3REU Sensing and Signaling and
Biochemistry and Cellular & Molecular Biology, University of Tennessee, Knoxville,
LA. Sponsor: D. Wesley.
Ethylene is a gaseous plant hormone that is important to many plant processes such
as seed germination and ripening. Responses to ethylene are regulated by a set of receptors that are unique to each plant species. Bioinformatic analysis showed that
ethylene binding like sequences have been found in cyanobacteria species. The purpose of our research is to investigate the role of ethylene signaling in cyanobacteria
using Synechocystis sp. Based on the similarities between the DNA sequence of
cyanobacteria and plant ethylene receptors, we hypothesized that lateral gene transfer may have occurred during endosymbiosis. To study ethylene binding in
cyanobacteria, we determined if the presence of Synechocystis gene product,
slr1212, in cyanobacteria is capable of binding ethylene and whether the knockout
of Synechocystis gene disruption has a phototaxis response in this organism.
slr1212, an evolutionary precursor to the ethylene signaling receptors found in
other plants, was cloned into an E. coli expression vector and the amount of ethylene binding protein produced was measured using a radioligand binding assay. The
Synechocystis slr1212 gene knockout was generated using homologous recombination. Analysis of slr212 binding of ethylene in both whole cell and membrane
preparation demonstrate that this protein has a high affinity for binding ethylene.
However, when the Synechocystis gene was disrupted, we observed no significant
change in phototaxic response in cyanobacteria. Our preliminary data suggest that
the role of slr1212 gene in cyanobacteria may be different from what is observed in
other organisms.
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IMPROVEMENT OF TOXICOGENOMICS PROFILE
COMPARISON TO PREDICT PROTEIN-PROTEIN
INTERACTIONS.

Y. Igarashi1, N. Nakatsu1, H. Yamada1, A. Ono2, Y. Ohno2 and T. Urushidani1,
3. 1National Institute for Biomedical Innovation, Ibaraki-City, Osaka, Japan,
2National Institute of Health Sciences, Tokyo, Tokyo, Japan and 3Doshisha Women’s
College of Liberal Arts, Kyoutanabe, Kyoto, Japan.
We have developed in silico methodology for toxicogenomics data to compare a
pair of probe sets to measure the similarity of gene expression profiles considering
with their time courses and dose effects. This method can be applied to any kinds of
gene expression data that is obtained in a systematic manner. The toxicogenomics
project in Japan, started in 2002, produced genome-wide gene expression data of
the liver of rat in vivo and vitro using 150 pharmaceutical drugs. The gene expression data has been obtained at 8 time points and 4 dose levels in vivo, and 3 time
points and 4 dose levels in vitro.
Previously, we showed an approach to find protein-inhibitor pairs using the above
method. The gap of similarity score distribution between p53 and its specific inhibitor gene Mdm2 is good example to predict specific type of protein-protein interactions such as protein-inhibitor pairs. However, in this example, although the
similarity score of p53 was highly ranked (p < 0.01) in the score distribution between Mdm2 and all other genes, still over 50 genes were listed as candidate interaction partner genes. To narrow down to select the potential interaction partner
genes and remove unrelated genes, we introduced co-expression clustering method.
In our improved method, we employed k-means clustering and Euclidean distance
converted from the scores. By clustering co-expressed genes, those multiple genes
under same regulatory unit were merged into a cluster and the number of candidate
genes were decreased. While Mdm2 does not have similar expression profile to the
profile of p53, the specific type of protein-protein interaction is not likely to classify
into same cluster. Our improved method reduced the number of unrelated genes
and successfully narrow down the potential interaction partner genes. This method
would be greatly helpful to reveal potential toxicological pathways and mechanisms.
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HIGH-DIMENSIONAL PROFILING OF
TRANSCRIPTION FACTOR ACTIVITY
DIFFERENTIATES TOXCAST CHEMICAL GROUPS.

A. Wilson1, 2, M. Martin1, A. Frame1, P. Kothiya1, R. Judson1, A. Richard1, A.
Medvedev3, S. Makarov3, K. Houck1 and D. Reif1. 1NCCT, US EPA, Raleigh,
NC, 2Department of Statistics, North Carolina State University, Raleigh, NC and
3Attagene Inc., Research Triangle Park, NC.
The ToxCast™ project at the US EPA uses a diverse battery of high-throughput
screening assays and informatics models to rapidly characterize the activity of
chemicals. A central goal of the project is to provide empirical evidence to aid in the

prioritization of chemicals for additional toxicity testing. Chemicals can be differentiated and prioritized based on the observed activity profiles as reported by
ToxCast assays. Here, we provide a statistical framework to quantify and visualize
activity patterns across assays and chemicals. We demonstrate this method by comparing broadly-defined chemical use groups amongst the 1060 unique compounds
in the combined ToxCast Phase I and II sets. The groups were obtained by querying usage information across the ACToR database. The large chemical set represents
a diverse landscape including groups such as pharmaceuticals, pesticides, food additives and fragrances. We used a set of 81 ToxCast assays that measure chemical induced transcription factor activity in a human hepatic cell line. The multiplexed
assay enables high-content, functional assessment of transcription factor activities,
which are a core component of cellular gene regulatory networks. Using our statistical profiling framework, we highlight a subset of these assays that best differentiate chemical use groups and report similarities amongst transcription factor activity
profiles of chemicals used for radically different purposes. We then drill down into
these profiles using a Bayesian approach to infer the degree of relatedness between
all chemicals within and across groups—shedding light on informative subgroups
having similar transcription factor activity patterns. Our methods provide a flexible
framework for understanding high-dimensional toxicological data and are extensible to diverse definitions of “group”: e.g., alternate chemical usages, known in vivo
toxicity endpoints, or structural classes. This abstract does not necessarily reflect US
EPA policy.
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DOSE-RESPONSE MODELING OF P53 OSCILLATION
IN RESPONSE TO DNA DOUBLE STRAND BREAKS.

Z. Li, Q. Zhang and M. E. Andersen. Institute for Chemical Safety Sciences, The
Hamner Institutes for Health Sciences, Research Triangle Park, NC.
The tumor suppressor p53 is a crucial guardian of genomic integrity in mammalian
cells. In response to DNA damage, the p53 pathway is activated, leading to various
cell fate decisions depending on damage severity and repair efficiency.
Understanding p53 dynamics and its connection with toxicity endpoints such as
cell proliferation, apoptosis, and mutagenesis is an important step toward quantitative risk assessment for genotoxic chemicals. We have developed a computational
model to simulate p53 oscillation in response to DNA double strand breaks (DSBs)
that can be induced by ionizing radiation and radiomimetic chemicals. The model
was formulated by incorporating a feedback circuit consisting of p53, Mdm2,
ATM, and Wip1, ultrasensitivity through experimentally justified multi-step signaling and ATM autophosphorylation, and time delays through nuclear/cytoplasmic translocation. The deterministic version of the model is able to produce both
sustained and damped oscillations. When simulated stochastically with the
Gillespie algorithm to take gene expression fluctuation into consideration, the
model, which is parameterized to produce damped oscillations deterministically,
exhibits sustained albeit noisy oscillations. The simulated p53 and Mdm2 protein
levels oscillate with a large variance in amplitude and a relatively fixed period (7 hr)
in individual cells. When averaged over a cell population, the oscillations become
damped. As a result of ATM autophosphorylation, the amplitude and frequency of
p53/mdm2 oscillations in individual cells are independent of the amount of DSBs.
However, the number of cells oscillating increases as the irradiation dose increases.
These simulation results are consistent with experimental observations reported in
the literature. The p53 circuit developed here can be linked to cell cycle and apoptosis models to better understand the effects of DSBs on cell cycle arrest and cell
death, and to predict mutagenesis rate.
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USING POPULATION-BASED DOSE-RESPONSE
CYTOTOXICITY DATA FOR IN SILICO PREDICTION
OF RAT ACUTE TOXICITY.

A. Sedykh, Y. Low, E. Lock, I. Rusyn and A. Tropsha. University of North
Carolina at Chapel Hill, Chapel Hill, NC.
Previously, we established that calculated chemical features combined with in vitro
screening or toxicogenomics data afforded “hybrid” prediction models of toxicity
with improved accuracy. Here, we explored the value of incorporating population
diversity into hybrid modeling. We used quantitative high-throughput screening
(qHTS) data on cytotoxicity and caspase-3/7 activation for 240 chemicals tested at
12 concentrations (0.3nM-46mkM) in 81 densely genotyped human lymphoblast
cell lines (CEPH panel, Hapmap). First, we used qHTS data as independent variables to model rat acute toxicity (119 chemicals with rat oral LD50 values categorized as “toxic” or “non-toxic”) achieving the classification accuracy of 63±3%
under 6-fold external cross-validation. Second, we developed both conventional
quantitative structure-activity relationship (QSAR) and hybrid models (combining
chemical descriptors and qHTS data across all cell lines). The external accuracy of
the hybrid models was significantly higher (70±3%) than that of conventional
QSAR models (61±3%), in line with previous results. Model analysis indicated that

cytotoxicity measured at 15mkM was the most frequently used in vitro predictor,
and that cell lines contributing most significant qHTS descriptors included
NA7048, NA12057, NA12156, and NA12753. We conclude that the “hybrid”
modeling offers several advantages such as improvements in the model accuracy, enriched interpretation of the most predictive features, and expanded applicability
domain for predicting larger variety of chemicals. Models developed in this study
can identify GHS categories 1-3 of toxic compounds with reasonable accuracy and
thus can be applied in prioritization of environmental compounds for risk assessment. Future studies will integrate genotype-based descriptors to enrich current
representation of compounds by their chemical structural features and by qHTS
based biological descriptors.
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PREDICTIVE IN SILICO MODELS OF TOXICITY USING
C. ELEGANS GROWTH ASSAY ALONG WITH TOXCAST
PHASE I SHORT-TERM ASSAY DATA.

A. Golbraikh2, 3, R. Shah2, 1, 3, A. Sedykh3, W. Boyd4, M. Smith1, H. Zhu5, A.
Tropsha2, 3 and J. Freedman4. 1SRA International, Durham, NC, 2SciOme LLC,
Research Triangle Park, NC, 3University of North Carolina at Chapel Hill, Chapel
Hill, NC, 4NIEHS, Research Triangle Park, NC and 5Rutgers University, Camden,
NJ.
Development of predictive in silico models for chemical toxicity is a task of primary
importance. The US EPA ToxCast. Phase I data includes 615 in vitro and 76 in vivo
assays for 320 substances (211 after curation). Here, we have explored the use of
whole organism C. elegans toxicity data generated for ToxCast chemicals along with
available in vitro data for toxicity predictions. Our results indicate that (i) the
ToxCast data can be used to predict toxicity of molecules for C. elegans; and (ii) the
C. elegans growth assay can be used to help predict some of the in vivo toxicities included in ToxCast data. QSAR approach was used to develop models for predictions of nematode growth inhibition assays. When chemical properties alone were
used as descriptors, no predictive models were generated; however, use of in vitro assays as descriptors yielded models with the correct classification rate (CCR) of 0.70.
A hybrid approach that combines chemical and in vitro assays as descriptors gave
models with the highest CCR of 0.71. Two in vivo assays were found to be similar
to a subset of the C. elegans assay of 102 compounds which included 51 non-toxic
and 51 toxic compounds. A hierarchical QSAR modeling approach in which chemicals are partitioned into two classes based on whether they test similarly or dissimilarly in both C. elegans and an in vivo assay was used to build models for these assays. The best model with CCR=0.67 was obtained for ‘CHR_Rat_LiverNecrosis’
assay. Our approach, which combines in vitro assays with chemical descriptors enhances predictive power of QSAR models and warrants further exploration of effective use of such cheminformatic approaches in predictive toxicology.
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A COMPUTATIONAL ANALYSIS OF THE
MECHANISTIC RELATIONSHIP BETWEEN
CIGARETTE SMOKING AND RISK OF RHEUMATOID
ARTHRITIS.

L. Cai, J. Lu, S. Ng and D. E. Johnson. Nutritional Science & Toxicology,
University of California Berkeley, Berkeley, CA.
Rheumatoid arthritis is a systemic autoimmune condition affecting the synovial
joints. Cigarette smoking has been associated with increased risk rheumatoid arthritis; however, the molecular mechanisms behind this phenomenon remain unclear.
This study aimed to systematically analyze interactions between cigarette chemicals
and genes important in rheumatoid arthritis pathogenesis. A North American
Rheumatoid Arthritis Consortium genome-wide association study was used as the
source of genes whose variants correlate with cases of rheumatoid arthritis.
GeneGo’s MetaCore database was used to analyze these genes for interactions with
chemicals in cigarette smoke and tobacco. In addition, this list of genes was compared to genes differentially expressed in lymphocytes of smokers and non-smokers.
Of the 1515 genes significant at 1E-3 in the genome-wide association study, 160
were found to interact with 122 chemical components of cigarettes. The majority
of these interactions come from chemicals in tobacco, as opposed to cigarette
smoke, and can be classified as inhibitory binding of a chemical to a gene product.
Of the 3776 genes significant at 1E-2, 76 were found to overlap with 303 genes differentially expressed in lymphocytes of smokers vs. non-smokers. Gene ontology
enrichment analysis revealed biological processes overrepresented in the above lists
of genes. Examples include ion transport, immune response, cell proliferation,
among others. Cigarette chemical interactions with genes grouped in these ontologies reveal that immune system genes are activated, whereas ion transport and antiapoptosis genes, among others, are inhibited. This study provides a broad look at
the complex network of molecular events underpinning the relationship between
cigarette smoking and rheumatoid arthritis and provides the groundwork for future
studies examining important genetic-chemical interactions and gene ontologies.
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AN EXAMINATION OF THE COMBINED EFFECTS OF
ENVIRONMENTAL FACTORS AND SUSCEPTIBLE
GENES ON INCREASING THE RISK OF ALZHEIMER’S
DISEASE.

C. Ho, L. Feng and D. E. Johnson. Nutritional Science & Toxicology, University of
California Berkeley, Berkeley, CA.
There is increasing evidence that combinations of environmental and genetic factors are likely causes of the development of Alzheimer’s Disease (AD). This research
was designed to visually interpret the interactions between known environmental
and genetic risk factors. Using Genome-Wide Association Studies, key pathogenesis-related genes and gene products were identified: amyloid precursor protein
(APP), phosphatidylinositol-binding clathrin assembly protein (PICALM), clusterin (CLU), complement receptor 1 (CR1), sortilin receptor 1 (SORL1), and
apolipoprotein E (ApoE). Potential environmental factors of interest were chosen
based on publications implicating their potential roles in the cause and development of AD. These included: acrolein, 27- hydroxycholesterol, arsenic, copper, and
aluminum. Using Genego Metacore and prior research, we mapped out cellular
pathways that encompass both gene and environmental factor correlations. Results
from this research indicate that the environmental factors supplement the formation of amyloid beta plaque formation in ways that differ from that of the genes of
interest. While our genes and gene products were mainly focused on amyloid beta
clearance and immunity, the environmental factors were shown to be involved in
stabilization of amyloid beta oligomers. The combined effects of amyloid beta
oligomer stabilization along with lack of clearance supports our hypothesis that exposure to certain environmental factors can increase the risk of development of AD
in individuals who are already genetically susceptible. Since previous research has
primarily dealt with examining the two factors separately, our results ultimately
contribute to our understanding of the interactions between identified susceptible
genes and environmental factors implicated in the cause of AD.
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VIRTUAL LIVER: ESTIMATING PROLIFERATION AND
APOPTOSIS OF HEPATOCYTES EXPOSED TO
ENVIRONMENTAL CHEMICALS USING TOXCAST
DATA.

J. Jack, J. F. Wambaugh and I. Shah. National Center for Computational
Toxicology, US EPA, Research Triangle Park, NC.
The US EPA’s ToxCast™ program has screened over a thousand chemicals for potential toxicity using hundreds of high-throughput, in vitro assays. The US EPA’s
Virtual Liver (v-Liver™) is a cellular systems model of hepatic tissues that enables
the estimation of in vivo effects using in vitro data by bridging multiple levels of biological organization. A physiologically-based pharmacokinetic model links environmental exposures to liver dosimetry, while a microdosimetry model simulates
the chemical transport through the sinusoids of the hepatic lobule to estimate celllevel concentrations of chemicals and other soluble factors. Finally, an agent-based
model of hepatic cells is used to quantitatively estimate cellular decisions – e.g.,
apoptosis and proliferation – based on the perturbation of an intracellular signaling
network by inputs from the microenvironment. Using the literature we reconstructed a putative crosstalk network to mechanistically relate hepatocyte G1/S progression and apoptosis involving growth factors (e.g., EGF and HGF) and cytokines (e.g., TNFα). Next we related key proteins in this network to a subset of
assays in ToxCast including phosphorylation of H2A.X, H3, and c-Jun. We have
developed a novel approach for modeling the dynamic response of individual cellbased agents, called Boolean network Ensembles with Asynchronous Threshold
Logic (BEATL), to quantitatively estimate the response of hepatocyte populations
using in vitro data. We used this framework to simulate the concentration dependent perturbations of key signaling molecules in cell proliferation and apoptosis
based on ToxCast in vitro data for environmental chemicals (e.g., PFOA, Imazalil,
Bisphenol A, Triclosan) as well as reference hepatotoxicants (e.g., acetaminophen).
The model results were used to evaluate potential changes in hepatocyte fate based
on chemical-induced concentration-dependent molecular perturbations. This abstract does not necessarily reflect US EPA policy.

784

BIOLOGICAL PROFILING OF THE TOXCAST PHASE II
CHEMICAL LIBRARY IN PRIMARY HUMAN CELL
COCULTURE SYSTEMS.

N. C. Kleinstreuer1, K. Houck1, R. Judson1, D. Reif1, P. Kothiya1, M. Martin1,
T. Knudsen1, A. Richard1, M. Polokoff2, J. Yang2, E. L. Berg2, R. Kavlock1 and
D. Dix1. 1ORD/NCCT, US EPA, Research Triangle Park, NC and 2BioSeek, LLC,
San Francisco, CA.
The US EPA’s ToxCast research project was developed to address the need for highthroughput testing of chemicals and a pathway-based approach to hazard screening.
Phase I of ToxCast tested over 300 unique compounds (mostly pesticides and an-
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timicrobials). With the addition of Phase II, the library contains 1060 unique compounds, including 135 failed pharmaceuticals donated by industry partners, reference compounds known to be endocrine disruptors, carcinogens or
reproductive/developmental toxicants, high-production volume chemicals, food
additives, cosmetic ingredients, and proposed alternatives to commonly used plasticizers and surfactants. The chemicals were tested in a panel of BioMAP® systems,
using complex cocultures of primary human cells to characterize heterogeneous interactions underlying angiogenic and inflammatory processes. All compounds were
assayed in duplicate at 4 concentrations in 8 cell systems using combinations of endothelial cells, peripheral blood mononuclear cells, bronchial epithelial cells, fibroblasts, keratinocytes and coronary artery smooth muscle cells, under various endogenous stimuli, totaling 87 endpoints and over 450,000 data points. ToxCast
compounds were classified based on their ability to cause overt cytotoxicity in various cell types and on their bioactivity profiles when compared to reference compounds. Chemicals were identified with activities similar to known inducers of mitochondrial dysfunction, microtubule disruptors, cAMP elevators and NFkB
pathway inhibitors. Forty-nine alternative chemicals were compared to the corresponding-use compounds and in some cases found to have significantly lower
bioactivity, or none at all, at the tested concentrations. In vitro signatures for disruption of embryonic vasculogenesis and induction of tumor angiogenesis derived
from ToxCast Phase I data were forward-validated for the Phase II compounds with
in vivo developmental toxicity or carcinogenicity data. This abstract does not reflect
US EPA policy.
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TOXPI PRIORITIZATION AND PROFILING OF 1060
TOXCAST CHEMICALS ACROSS MULTIPLE SECTORS
OF TOXICOLOGICAL CONCERN.

D. Reif1, A. Wilson2, R. Judson1, R. Kavlock1 and D. Dix1. 1NCCT, US EPA,
Research Triangle Park, NC and 2Dept of Statistics, North Carolina State University,
Raleigh, NC.
The Toxicological Prioritization Index (ToxPi™) framework was developed as a decision-support tool to aid in the prioritization of chemicals for integrated toxicity
testing. ToxPi consolidates information from multiple domains—including
ToxCast™ bioactivity profiles (a diverse battery of over 700 high-throughput
screening assays on multiple platforms), inferred toxicity pathways, exposure predictions, and chemical descriptors—into comprehensive activity scores and multivariate visualizations representing the contribution of each data domain to overall
priority rankings. Here, we refine our methodology for aligning data with specific
prioritization tasks, add formal quantification of ranking stability, and compare the
ToxPi profiles of the combined Phase-I and Phase-II chemical sets. Considering the
entire set of 1060 compounds, we explore prioritization tasks for three sectors of
toxicological concern: cancer, developmental, and reproductive. We first link
ToxRefDB in vivo data with ToxCast in vitro data to populate ToxPi slices for each
sector. Second, multi-sector ToxPi profiles are estimated for the entire chemical set,
and the priority (rank) order is estimated across and within sectors. Third, confidence intervals for all ranks are estimated. Finally, these priority ranks are evaluated
in the context of sector-specific reference chemicals. Analogous to the logic underlying standard curves or “spike-ins”, reference chemicals for each sector include
compounds of low, medium, and high concern. Therefore, an appropriate ToxPi
formulation would match the hypothesized reference chemical distribution,
thereby giving context to the relative activity of test chemicals. The utility of such a
prioritization scheme is that new test chemicals having unknown concern can be
evaluated relative to known, reference, compounds, and their ToxPi profiles visualize activity in the context of a diverse set of compounds covering multiple chemical
classes and proposed modes of action. This abstract does not necessarily reflect U.S.
EPA policy.
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A GLOBAL GENOMIC AND GENETIC STRATEGY TO
PREDICT PATHWAY ACTIVATION OF XENOBIOTICRESPONSIVE TRANSCRIPTION FACTORS IN THE
MOUSE LIVER.

K. Oshida1, N. Vasani1, M. Rosen1, B. Abbott1, C. Lau1, B. Chorley1, S.
Hester1, W. Ward1, G. Guo2, R. Thomas3, D. R. Applegate4, T. Kensler5, C.
Klaassen2 and C. Corton1. 1US EPA, Research Triangle Park, NC, 2University of
Kansas Medical Center, Kansas City, KS, 3Hamner Inst for Health, Research Triangle
Park, NC, 4Regenemed, San Diego, CA and 5University of Pittsburgh, Pittsburgh,
PA.
Many drugs and environmentally-relevant chemicals activate xenobiotic-responsive
transcription factors (TF). Identification of target genes of these factors would be
useful in predicting pathway activation in in vitro chemical screening. Starting with
a large compendium of Affymetrix files (>2000), we identified gene signatures by
comparing the transcription profiles after exposure to TF activators in wild-type

and TF-null mice. The signatures included those regulated by PPARalpha, CAR,
PXR, AhR, Nrf2, FXR, and glucocorticoid receptor (GR). In addition, we identified sets of genes associated with phenomenon that are linked to liver toxicity/cancer including inflammation and cytotoxicity. Validation was carried out by characterization of the signature gene expression under independent conditions of
chemical exposure or perturbation known to alter the TF. By using the sets of signature genes to query the compendium, a number of novel observations were
made. 1) PPARalpha is activated in a number of nullizygous mouse models that
also lead to liver toxicity and may be linked to steatosis. 2) Nrf2 is activated by a
large number of conditions including environmentally-relevant chemicals, gene
mutations, and bacterial infections. 3) GR is activated by a number of conditions
including caloric restriction and systemic damage outside the liver. 4) Feminization
of male-specific signature genes occurred after castration, in GH-defective dwarf
mice, during bacterial infections and chemical exposure. Our approach allows for
creation of new gene signatures associated with other pathways or phenomenon in
the mouse liver that can be tested using the compendium. We are presently using
the signature sets to predict pathway activation after chemical exposure in mouse
primary hepatocytes. (This abstract does not represent EPA policy.)
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ENHANCING MUTAGENICITY PREDICTIONS USING
WEIGHT-OF-EVIDENCE APPROACHES.

E. Ahlberg1, C. Hasselgren1, C. Yang2, J. F. Rathman3 and S. Boyer1.
1Computational Toxicology, AstraZeneca, Mölndal, Sweden, 2Altamira LLC,
Columbus, OH and 3Ohio State University, Columbus, OH.
Predicting the experimental outcome of the Ames test is done routinely within
Pharmaceutical companies. In the early drug discovery phase, the high volumes of
compounds are often handled using structural alerts or QSAR models. However, as
drug development progresses, the need for reliable, more extensive information increases. At this later stage, it is also common practice to qualify impurities and degradents using SAR/QSAR methods. To ensure patient safety, highly reliable assessments are required using all available information in a weight-of-evidence (WoE)
approach. The combination of diverse sources of evidence requires a mathematical
structure that manages different types of probability expressions. One such example
is Dempster-Shafer (DS) theory which deals with measures of “belief ” as opposed
to probability and can be viewed as an extension of Bayesian statistics. DS also introduces an explicit formulation for the unknown state which can be used to account for the amount of experimental error in an assay or model. In a classification
data example, the confusion matrix for the training and/or test data can be used to
calculate positive and negative predictive values to estimate probabilities for a prediction. In this study we present a DS WoE method where we combine QSAR
modeling, the presence of structural alerts, number of experimentally tested structural near neighbors and their activities. For each prediction, the weights for each
type of information are set dynamically. This enables an overall assessment based on
all underlying information together with an uncertainty score which is unique for
each compound. Application of the method on 300 internal compounds show an
overall improvement compared to using a simple QSAR method. Concordance increased from 72 to 79%, sensitivity from 33 to 65%, false positive and negative
rates decreased by ~10% when using the WoE method. Specificity was essentially
unchanged and went from 85 to 84%.
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COMPUTATIONAL TOXICOLOGY AND
LONGITUDINAL RISK ASSESSMENT OF SUBCHRONIC
AND CHRONIC ATORVASTATIN CALCIUM
ADMINISTRATION.

A. G. Ibrahim1, F. E. Ibrahim2 and R. C. Shank1. 1Environmental Toxicology and
Occupational Medicine, University of California Irvine, Irvine, CA and 2Physics,
California State University Long Beach, Long Beach, CA.
As our wealth of scientific data becomes increasingly large, data mining algorithms
and computational methods are used to discover new patterns of information to
gain new knowledge about the progression of human disease, novel biomarkers,
and toxicities of novel molecules to limit the extensive dependency on the use of animal models. In this study, computational mathematical algorithms are used to describe the kinetics of altered gene expression profiles of human disease and embryonic and adult stem cell differentiation in response to subchronic and extrapolated
chronic administration of atorvastatin calcium (Lipitor®). Hi-resolution mRNA
microarray data was obtained at 12 hours, 36 hours, 1 week, and 4 weeks from 11
male subjects with a mean age of 49.0 years +/- 12.5 years post administration of a
daily dose of 20mg atorvastatin calcium. The data was used to generate interdependent differential equations for each microarray dataset for actual time points.
Additional genetic profiles were extrapolated using two mathematical strategies:
Discrete Runge Kutta and Discrete Optimization. The extrapolated sets of genes
regulated by atorvastatin were imported into the Ingenuity Pathway Analysis (IPA)
software for data and toxicology interpretation.

The IPA Global Network is used as the data source for the construction of all biological pathways. Statistically significant biological networks and pathways for toxicity, altered biofunction, and disease were indentified. Using a System of
Equations approach, we extrapolated new predicted gene expression data for 6
months, 1 year, and 5 years of chronic atorvastatin calcium administration interdependently with microarray signatures of the directed differentiation of H1 human
embryonic stem cells (hESCs) to trophectoderm, active hepatitis C infection, and
diabetes mellitus type II to address possible contraindication events.

789

L1 TOXICITY IN HUMAN AND RODENT
HEPATOCYTES INVOLVES DISRUPTION OF GENETIC
REGULATORY NETWORKS INVOLVED IN CELL
ADHESION, INFLAMMATION, AND TUMORIGENESIS.

P. Bojang1, R. Roberts2, M. Anderton2 and K. S. Ramos1, 3. 1Biochemistry and
Molecular Biology, University of Louisville School of Medicine, Louisville, KY,
2General Toxicology Sciences, AstraZeneca, Manchester, United Kingdom and 3Center
for Environmental Genomics and Integrative Biology, University of Louisville School
of Medicine, Louisville, KY.
LINE-1 (Long Interspersed Nuclear Element-1 or L1) is an autonomous mobile element within the human genome that transposes via a “copy and paste” mechanism. Previous work in the Ramos laboratory has shown that chemical carcinogens
such as benzo(a)pyrene reactivate silenced L1 through genetic and epigenetic mechanisms, and this response is associated with complete cycles of retrotransposition in
vivo. The most detrimental function of L1 retrotransposition is genotoxicity as a
function of insertion into functional sequences that severely compromise genetic
functions. Recent studies have shown that L1 toxicity is mediated by changes in reprogramming of genetic regulatory networks. In the present study, we build on previous in silico efforts to define key structural and functional elements of the L1 genetic regulatory network in HepG2 and rat H4IIE cell lines. Our findings to date
establish a strong correlation between L1 and several genes involved in cell adhesion, inflammation and tumorigenesis. In HepG2 cells, forced expression of synthetic L1 increased the expression of CCl2, CLIC3, PAH, PTPRB, VCAM1,
CYP2A4, EVI2A, GJA1, POSTN and PKIA. Conversely, decreased expression was
seen for ELD, CDO1, PREI4, GNA12, VAMP3, MYL17 and NLK. Of particular
interest was the increase in expression of inflammatory cytokines, such as CCL2.
The involvement of inflammatory cytokines in the toxic response of L1 is further
substantiated by observed increases in expression of VCAM1. Another particularly
interesting finding was the occurrance of reverse transcriptase -independent modulation of several genes such as DPB, RBM39, ICAM1 and CXCL1 within the regulatory network.
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KNOCKOUT AND HUMANIZED DRUG
TRANSPORTER RATS AS MODELS FOR PRECLINICAL
ASSESSMENT IN VIVO.

I. D. Carbery, L. C. Little, A. Songstad, E. J. Weinstein and X. Cui. SigmaAldrich, St. Louis, MO.
Animal models are an essential element of drug development and toxicity assessment. Rats are preferred over mice for their closer resemblance to human anatomy
and physiology and their larger size. Until recently, targeted genome modifications
were not available for the rat (1, 2). Using Zinc-fnger nuclease technology, we generated and characterized knockout rats for the ATP-binding-cassette (ABC) transporters Mdr1a, Mrp1, Mrp2, and Bcrp. In pharmacokinetic studies we observed
the accumulation of substrates in Mrp1 and Mrp2 knockout rats, as well as increased oral bioavailability of digoxin and sulfasalazine in Mdr1a and Bcrp knockout rats, respectively. When we assessed the gene expression of other drug transporters in Mdr1a knockout rats, we observed differences in the expected expression
profiles of liver and kidney samples. We also report the development and characterization of humanized Mdr1a rats, where the human Mdr1 cDNA was site-specifically inserted under the rat Mdr1a promoter and disrupted the rat gene.
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CHARACTERIZATION AND APPLICATION OF AN
EXTERNAL VALIDATION SET FOR SALMONELLA
MUTAGENICITY QSAR MODELS USING STRUCTURAL
FINGERPRINTS OF KNOWN TOXICOPHORES.

N. L. Kruhlak1, K. P. Cross2, B. L. Minnier1, 3, D. A. Bower2 and R. Benz1.
1CDER/OTR/DDSR, US FDA, Silver Spring, MD, 2Leadscope Inc., Columbus, OH
and 3GlobalNet Services Inc., Rockville, MD.
Recent discussion surrounding the use of (Q)SAR models for the qualification of
genotoxic impurities in drug products in the proposed draft ICH M7 guideline has
led to the proposal of a standardized external validation set for predicting
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Salmonella mutagenicity. The choice of chemical structures for an external validation set can greatly influence the performance statistics obtained with that set, potentially leading to bias in the interpretation of and conclusions about a model’s
suitability. Critical factors for consideration are numerous, but include the number
of chemicals, the ratio of positive to negative compounds, and the structural features that are represented in the validation set compared to the model training set.
The first two criteria can be addressed relatively easily due to the abundance of data
for Salmonella mutagenicity; however, the latter requires a quantitative measure of
structural representation that can be applied to ensure that the test set is appropriate for assessing the performance of a QSAR model based on its domain of applicability. We characterized an established external validation set of over 2000 chemicals using fingerprints for genotoxicity based upon known toxicophores and
assessed the overlap of these fingerprints with the domain of applicability of several
commercial QSAR models for Salmonella mutagenicity. Overall performance statistics for the models with this data set ranged from 59% to 82% sensitivity and
71% to 83% negative predictivity, and showed a 9% increase in sensitivity when
used in combination. However, within individual models, variation in performance
was observed across different toxicophores, providing a more detailed picture of
each model’s strengths and weaknesses from a structural perspective.
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21ST CENTURY VALIDATION STRATEGIES—ONE SIZE
NO LONGER FITS ALL.

S. C. Fitzpatrick1 and R. Becker2. 1Office of the Commissioner, US FDA, Silver
Spring, MD and 2American Chemical Council, Arlington, VA.
Recent advances in systems biology and related scientific fields offer the potential to
fundamentally change the way that chemicals and drugs are tested for their risk to
humans. This new vision of toxicology testing will be based upon human rather
than animal biology and will involve a strong commitment to the 3Rs—replacement, reduction, and refinement of animal use in research and testing. There are
many challenges to fully implementing this vision. Current formal approaches to
validation involve lengthy and expensive processes that require validating in vitro
data against in vivo data. This approach may not be relevant or even feasible for the
new pathways and endpoints being measured. Consequently, applying a one size
fits all approach to validation is not conducive to the rapid incorporation of emerging science or technology into the regulatory decision-making framework. As new
safety testing evolves, new approaches to demonstrating that a test is reliable and
relevant for a particular purpose must also evolve. Such approaches may differ for
different tests and be based on their intended use (e.g., as part of screening or other
algorithmic approaches versus intended replacement of existing tests). To meet this
challenge will require an active dialogue and early collaboration among all stakeholders, including federal regulatory agencies, other regulators, NGOs, academia,
and industry scientists. This session offers an opportunity for such a dialogue about
what could constitute a more flexible approach to demonstrating that these new
toxicology testing methods are scientifically valid and address the fundamental
questions of human safety and efficacy.
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M. Walton. Center for Drug Evaluation and Research, US FDA, Silver Spring, MD.
Sponsor: S. Fitzpatrick.
A biomarker is defined as a characteristic that is objectively measured and evaluated
as an indicator of normal biologic process, pathogenic process or biological response to a therapeutic intervention. Qualification is a regulatory conclusion that,
within a stated context of use, the results of an assessment with a biomarker can be
relied upon to have a specific interpretation and application in drug development
and regulatory decisions. A biomarker is qualified by regulatory authorities if there
is appropriate data in support of its intended use. Once qualified, the biomarker
can be used without the regulatory agency’s need to reconsider and reaffirm its applicability. The US FDA’s CDER Biomarker Qualification Process involves a “fitfor-purpose”- based evidentiary threshold approach that depends upon the intended context of use in drug development. The biomarker qualification program is
an objective, science-based approach for evaluating the relevance, quality, and reliability of a test based upon its intended use, for example as part of a screening program or as a definitive surrogate endpoint in a pivotal clinical trial. It serves as a
model for the discussion of new validation approaches for the incorporation of alternative test methods into a regulatory framework.
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CHALLENGES TO INCORPORATING NEW
TECHNOLOGIES INTO THE TOXICOLOGY
REGULATORY TESTING PARADIGM.

W. Hayes. School of Public Health, Harvard University, Boston, MA.
In 2007, a National Academy of Sciences (NAS) report described a new vision and
strategy for toxicity testing in the 21st century based on human rather than animal
biology. This vision could be less expensive and time-consuming and would have a
strong commitment to replacement, reduction and/or refinement of animal use in
testing. Unfortunately there seems to have been a general reluctance on the part of
industry and regulators to embrace this new vision and as a result the use of animal
tests continues to dominate regulatory toxicological testing practices. There are
many reasons for this including the long history of use of traditional animal methods, the familiarity, experience, and comfort level associated with their use, an
under confidence in non-animal methods and issues involved in validating these
methods. Historically, regulatory agencies have been slow to embrace new ideas as
seen by the reluctant adoption of genetic toxicology studies. As stated in the NAS
report “Change often involves a pivotal event that builds on previous history and
opens the door to a new era.” The publication of the NAS report might be the “tipping point” for a change but validation of these methods for regulatory use will be
a critical component in ensuring the vision’s success. Using a one-size-fits-all approach to validation will deter the rapid incorporation of this emerging science into
the regulatory framework. As toxicology evolves, our approach to assessing these
methods should also evolve.
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DEVELOPING SCIENTIFIC CONFIDENCE IN
COMPUTATIONAL APPROACHES FOR HAZARD
EVALUATION.

R. Becker1 and G. Patlewicz2. 1American Chemical Council, Arlington, VA and
2DuPont, Wilmington, DE.
As the development of computational approaches for use in hazard and risk assessment advance, there’s a concomitant need to demonstrate relevance and reliability
of each predictive model for its intended use such that regulatory agencies, the regulated community, and the public have sufficient confidence in the decisions made
based on such approaches. Challenges and lessons learned from the application of
computational approaches under REACH will be discussed. Although traditional
method validation processes may not be practical let alone desirable for advanced
molecular screening methods, the OECD QSAR validation principles have helped
to provide a useful framework for characterizing models and their predictions,
thereby promoting/fostering regulatory acceptance for QSARs. Complementary
systematic evaluative procedures have been developed for selecting analogues for
read across of (eco)toxicological and environmental fate data. Recommendations
for adapting these principles and procedures to the Tox21 collaboration of EPA,
FDA, NIEHS/NTP and NCGC will be presented.
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BIOMARKER QUALIFICATION—A PATHWAY FOR
ACCEPTANCE OF ALTERNATIVE TOXICOLOGY TEST
METHODS BY REGULATORY AGENCIES.

TOXICITY TEST VALIDATION IN THE 21ST CENTURY.

J. Fowle. Office of Pesticide Programs, US EPA, Arlington, VA.
EPA’s Office of Pesticide Programs (OPP) is building on the ambitious NAS vision
for Toxicity Testing in the 21st Century which calls for a shift toward the avoidance
of significant perturbations of normal cellular pathways in exposed populations by
using cell based assays to measure these perturbations, dose-response modeling organized around computational systems biology models of the circuitry underlying
each toxicity pathway, and in vitro to in vivo extrapolations based on pharmacokinetic models to predict tissue concentrations under specific exposure conditions.
OPP’s long-term goal is to move from a paradigm that involves requiring in vivo
testing for “every possible adverse outcome” toward a hypothesis-driven paradigm
where in vivo testing is targeted to the most likely hazards and risks of concern.
Thus, rather than taking a one size fits all approach to toxicity testing OPP proposes a progressive, tiered-testing approach that starts with hazard-based hypotheses about the plausible toxicological and fate potential of a pesticide or group of
pesticides based on their physical-chemical properties (e.g., using read-across and
structure activity relationships [SARs] to examine toxicological potential). Existing
exposure and toxicity information is then combined with refined exposure models,
computational toxicological models (e.g., quantitative SARs or QSARs
[(Q)SARs]), and diagnostic in vitro assays to narrow requirements for in vivo.
Consistent with this view is the consideration of time and As the science evolves so
too must the evaluation process to “validate” regulatory test methods as the current
one size fits all approach is too costly and time consuming and which compares the
performance of a new test to an existing test which may not actually predict the effects of concern in human and non-humans well.
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IN VITRO/IN SILICO/EXPLORATORY ASSESSMENT OF
PHARMACEUTICALS.

800

GENETIC FACTORS AS MODIFIERS OF
ASSOCIATIONS BETWEEN ENVIRONMENTAL
EXPOSURES AND BREAST CANCER RISK.

A. Jacobs. Center for Drug Evaluation and Research, US FDA, Silver Spring, MD.
A multitude of non-animal assays are conducted before a drug is even given to an
animal, much less humans. Lead compounds may be modified to eliminate unwanted effects found in various in vitro and in silico screens. All studies conducted
with a drug candidate for human studies are submitted to the FDA: In silico, in
vitro, and in vivo. Thus the knowledge base on a new drug candidate can be quite
rich before humans have been exposed, in contrast to what is know about most
high production volume chemicals. The use of exploratory clinical trials, as described in international harmonization guideline, ICHM3R2, can eliminate drugs
that have poor human bioavailability or which don’t reach the intended target in
humans. Such exploratory clinical trials are supported with much less animal data
than normally needed for first in human studies.
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AN EVOLVING EXAMPLE OF INTEGRATING IN VITRO
RISK SIGNALS.

C. Ambrose. Oncology, Roswell Park Cancer Institute, Buffalo, NY. Sponsor: D.
Eaton.
Although a number of genetic and non-genetic risk factors have been identified as
risk factors for of breast cancer, they explain only a portion of variability in disease
risk. Furthermore, accepted risk factors are, for the most part, associated with only
modest increases in risk. For years, epidemiological studies have treated populations
as equally at-risk in relation to specific exposures, but it is becoming increasingly
clear that sub-populations differ in the likelihood that specific exposures will increase their risk of cancer. Common genetic variants in pathways related to carcinogen metabolism, DNA repair, cell cycle control and other cancer-related pathways
are likely to impact the ultimate effects of environmental exposures on breast carcinogenesis. Thus, consideration of these complex gene/environment interactions
may help to elucidate the role of the environment in the etiology of breast cancer. If
only certain subsets of the population, based upon genetic variants, are susceptible
to particular environmental exposures, associations between these factors and breast
cancer risk may be attenuated and/or blurred. Thus, by evaluating the role of genetic variants in modifying associations between environmental exposures and
breast cancer risk, clearer associations may be ascertained.

R. Chapin and D. Stedman. Pfizer, Inc., Groton, CT.
Turning the promise of “Tox21” and “pathways of toxicity” into an animal-free
health-protective reality is proving devilishly difficult, well more challenging than
had been widely expected. One of the key issues is that while it’s possible to measure the expression of many genes and many biochemical endpoints, the right ones
to measure often vary between compounds and model systems. Rather than trying
for more discrimination and ever-higher definition, sometimes a lower-power,
more overview-level analysis can actually be more helpful. Based on the hypothesis
that different assays will have different strengths and complement each other, we
have started to integrate data from the ECVAM embryonic stem cell test and
Zebrafish morphogenesis to give us an overall sense of the in vivo developmental
toxicity of new drug candidates. Although still very much a work in progress, this
presentation will discuss the current ways we balance the various developmental tox
readouts with general cytotoxicity data. Our eventual goal is to develop a formalized and transportable process that can be used across chemical scaffolds and venues, and the only certainty is that the end method will look very different from
what we’ve started with.
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BREAST CANCER AS A MULTIFACTORIAL DISEASE:
INTERACTION OF GENETICS, LIFE STAGE, AND THE
ENVIRONMENT.

D. L. Eaton1 and J. S. Tsuji2. 1Department of Environmental and Occupational
Health Sciences, University of Washington, Seattle, WA and 2Center for Toxicology
and Mechanistic Biology, Exponent, Bellevue, WA.
Despite decades of research into its causes and treatments, breast cancer remains the
most common invasive cancer and the second leading cause of cancer mortality for
women in the United States. Known risk factors include genetic mutations; birth
weight and stature; timing of breast development, child bearing, lactation, and
senescence; body fat; and physical inactivity. Some common
external, environmental risk factors include radiation, hormone therapy, diet, alcohol, and perhaps smoking and shift work/circadian rhythm disruption. Several environmental chemicals have also been implicated in the etiology of breast cancer.
Although toxicological studies indicate potential hazards through endocrine disruption and even some hormone independent mechanisms, strong epidemiological evidence is largely lacking. Animal bioassays for breast and other types of cancer typically assess each chemical independently, and exposure periods usually do not
include potentially sensitive windows of susceptibility, such as in utero, the neonatal
period, puberty, or menopause. Nevertheless, emerging epigenetic data support the
concept that exposure during sensitive early life stages when the mammary gland is
developing can result in developmental reprogramming of breast cells, thereby increasing breast cancer risk later in life. Similarly, stimulation of breast cell division
later in life by endocrine-active agents may increase mutation rates or promote tumors at a life stage in which DNA repair is waning. This important topic explores
the complex interaction among the potential contributors to breast cancer risk in
follow up to the 2011 report of the Institute of Medicine Committee on Breast
Cancer and the Environment (funded by Komen for the Cure).
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THE COMPLEX ETIOLOGY OF BREAST CANCER: A
LIFE-COURSE APPROACH.

R. A. Hiatt. Professor and Chair, Epidemiology and Biostatistics, Deputy Director,
Helen Diller Family Comprehensive Cancer Center, University of California, San
Francisco, CA. Sponsor: J. Tsuji.
One approach to unraveling the complex role of environmental factors in the etiology of breast cancer has been to focus research on earlier periods along the lifecourse. Puberty is a time of rapid breast development and presents a so-called “window of susceptibility” during which environmental factors could have effects that
manifest as cancer in adult life. It is well established that early age at menarche compared to later age increases a woman’s relative risk of breast cancer approximately 2fold. The age of menarche has also been dramatically decreased in developed countries by almost 5 years over the last century, likely as the result of environmental
influences. However, it is not well understood what environmental factors have
been responsible for this decline or how putative carcinogens might act during this
period. Recent epidemiologic work from a multi-center cohort study of 1,239 prepubertal girls from diverse race/ethnic and socioeconomic backgrounds has revealed still earlier ages of pubertal onset and offers insights into the potential role of
environmental chemicals, diet, physical activity, psychosocial and genetic factors in
the onset of puberty, menarche and other early developmental landmarks. Related
complex systems models attempt to illustrate the inter-relationships of these factors
in biologic, behavioral, physical and socio-cultural environmental domains.

802

EARLY-LIFE EXPOSURES TO ENDOCRINE-ACTIVE
CHEMICALS PROMOTES BREAST CANCER RISK
LATER IN LIFE.

L. S. Birnbaum. National Institute of Environmental Health Sciences, Research
Triangle Park, NC.
Substantial evidence from a decade of research suggests that early life exposures affect mammary gland architecture, estrogen and progesterone receptor function,
and susceptibility to tumors. Data from animal models show distinctive genomic
signatures and mechanism of action for endocrine disrupting chemicals such as
Bisphenol-A, phthalates, and phytoestrogens that may impact breast cancer risk.
The timing of chemical and dietary exposures (e.g., high fat) in utero changes the
epigenetic profile of the target tissue, perturbing stem cells in the mammary gland,
and affecting the hormonal environment in which mammary glands grow.
Accordingly, epidemiologic studies are now focusing on the interplay of environmental exposures, diet, anthropometry, and genetic factors during childhood and
puberty when the mammary gland is rapidly changing and may be more susceptible (This does not reflect NIH policy).
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DIETARY AND OCCUPATIONAL DISRUPTION OF
ENDOCRINE SIGNALING: IMPLICATIONS FOR
BREAST CANCER RISK.

H. Zarbl1, 2, E. V. Bandera1, 3, U. Chandran1, 3, B. Buckley2, M. Fang2, B.
Winnik2, Y. Lin1, 3, S. Isukapalli2, I. Marshall4 and M. King3. 1Cancer Institute of
New Jersey, Robert Wood Johnson Medical School, New Brunswick, NJ,
2Environmental and Occupational Health Sciences Institute, Piscataway, NJ, 3School
of Public Health, University of Medicine and Dentistry of New Jersey, Piscataway, NJ
and 4Department of Pediatric Endocrinology, University of Medicine and Dentistry of
NJ/Robert Wood Johnson Medical School, Piscataway, NJ.
Compared to environmental chemicals such as Bisphenol-A, much less attention
has focused on other disruptors of endocrine signaling that could significantly impact breast cancer risk. These include 1) zeranaol, a mycoestrogen used in livestock
to enhance meat production, and 2) disruption of circadian rhythm by exposure to
light at night. We conducted a cross-sectional analysis among 163 girls, aged 9 and
10 years, participating in the Jersey Girl Study to measure urinary mycoestrogens
and their possible impact on growth and development. We found that mycoestrogens were detectable in urine in a substantial proportion of peripubertal girls
(78.5%), and that urinary levels were predominantly associated with beef and popcorn intake. Urinary mycoestrogen levels, however, may be associated with altered
growth and lower early onset of breast development, factors related to decreased
breast cancer risk. Disruption of circadian rhythm by shift work is associated with
increased risks of breast and prostate cancer. Our studies in rats indicated that carcinogens also disrupt the expression of circadian-controlled genes (CCG), and that
methylselenocysteine resets the expression levels and phase of CCG, including estrogen receptor β. MSC restores rhythmic fluctuations in histone acetylation on the
Period 2 gene promoter, suggesting an epigenetic a mechanism for MSC-mediated
restoration of circadian rhythm. Changes in circadian gene and CCG expression in
lymphocytes are being investigated as possible biomarkers of circadian disruption
in shift workers. Agents that mediate their effects by epigenetic reprogramming of
mammary cells may hence be amenable to chemopreventive agents that reverse
these effects.

804

ENVIRONMENTAL EPIGENOMICS: DEVELOPMENTAL
REPROGRAMMING OF CANCER SUSCEPTIBILITY.

C. L. Walker. Department of Carcinogenesis, University of Texas MD Anderson
Cancer Center, Smithville, TX.
In the last two decades it has become appreciated that adverse environmental exposures early in life can have a profound impact on susceptibility to many adult diseases, such as obesity, cardiovascular disease, diabetes, metabolic syndrome and cancer. The “developmental origins of health and disease” (DOHaD) hypothesis, posits
that environmental exposures during key periods of tissue development and
organogenesis can “reprogram” the cell’s epigenome in a way that increases susceptibility to disease later in life. It is now clear that even brief environmental exposures
during development can profoundly increase risk of developing diseases such as
cancer in adulthood, decades after these exposures occurred. Recent advances in
epigenetics have confirmed the DOHaD hypothesis, with the identification of epigenetic alterations in both DNA methylation and histone methyl marks that are induced by developmental reprogramming. Understanding the nature of the epigenetic “imprint” made by early life environmental exposures on developing cells and
tissues has important implications for our understanding of disease susceptibility
across the life-course and for identifying effective strategies for disease prevention.
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NEW DIRECTIONS FOR FUTURE RESEARCH ON
ENVIRONMENTAL INFLUENCES ON BREAST
CANCER.

J. S. Tsuji1 and D. L. Eaton2. 1Center for Toxicology and Mechanistic Biology,
Exponent, Bellevue, WA and 2Department of Environmental and Occupational
Health Sciences, University of Washington, Seattle, WA.
Environmental factors or chemicals have long been suspected as increasing breast
cancer rates in the U.S. and other developed countries. Several environmental
chemicals are suspected to pose breast cancer risks based on mechanistic (e.g., endocrine disruption, genotoxicity) and animal data, but little evidence confirms
their role for breast cancer risk in humans. Limitations of carcinogenicity testing for
examining breast cancer include lack of specificity of animal models for human
breast cancer, high dosing protocols that miss potential windows of susceptibility,
and focus on single agents. Epidemiological studies typically have not examined
early life exposures, quantified exposures to multiple potential agents and factors,
nor evaluated potential gene-environment interactions. Future research will need to
address the interaction of multiple exposures during susceptible life stages such as in
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utero, puberty, and menopause. Genetically-engineered animal models and pathway-based, high throughput in vitro tests may help investigate relevant toxicological effects for breast cancer in humans. Potential mechanisms early in life include
the role of the microenvironment on tumor development or suppression, epigenetic
reprogramming of gene expression affecting tumor susceptibility, and interactions
among substances affecting tumor formation from exposure to other carcinogenic
agents later in life. These and other mechanisms may be particularly relevant for
chemicals that perturb normal endocrine function and thereby may exert biological
effects at relatively low doses. In addition to using more refined techniques to quantify exposures over the life course, epidemiological studies could evaluate potential
genetic polymorphisms for specific agents (e.g., metabolic enzyme variants for alcohol or smoking) in combination with social or behavioral factors that may affect
susceptibility to breast cancer.
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EVALUATION OF OCULAR SAFETY IN THE
DEVELOPMENT OF NEW DRUGS.

B. J. Christian. Department of Toxicology, Covance Inc., Madison, WI.
Interest in the research and development of therapies for age-related ocular disease
has increased as the size of the aging population grows. In recent years significant
advances in treating ocular disease have been developed such as the application of
antineovascular drugs, previously used in oncology, for use in treating vascular disease of the eye. The development of sustained release formulations has similarly expanded the application of therapies for anterior segment ocular disease to diseases
of the posterior segment. The eye poses a unique challenge to drug development as
a consequence of the anatomic and physiologic barriers to drug access to intraocular targets. The complexity of the structure and function of the eye, the need to use
nonroutine, specialized safety evaluation techniques, and the important role of vision in normal function, all add to the challenges faced by both ocular toxicologists
and regulatory agencies. The focus of this session will be to highlight key ocular
safety assessment techniques commonly used to evaluate the anterior (i.e., multiple
corneal evaluation methods) and posterior (i.e., electroretinography) segments of
the eye. Data will be presented that demonstrate how the techniques may be applied in a nonclinical safety evaluation setting. In addition, case studies detailing
the development of a protein biologic and a sustained release formulation for posterior segment disease will provide attendees with examples of safety assessment
strategies as well as the challenges that may be encountered. Finally, pertinent issues
in the assessment of ocular safety from the perspective of the regulatory agency will
be presented, along with discussion of the drug development implications of selected findings.
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ASSESSMENT OF CORNEAL TOXICITY.

H. F. Edelhauser. Department of Ophthalmology, Emory University, Atlanta, GA.
Sponsor: B. Christian.
The cornea plays a critical role in vision. In addition to its function as a protective
membrane, the cornea is the primary refractive tissue of the eye. Changes in corneal
permeability, transparency and structure can all have marked affects on vision. As
ophthalmic products are commonly administered by direct topical installation to
the eye, the cornea receives maximum exposure to drug and formulation excipients.
This presentation will discuss commonly used methods to assess corneal toxicity in
vivo including corneal staining and thickness measurements, specular microscopy
and confocal microscopy. In addition, the effects of a commonly used preservative
in ocular drug formulation and a mydriatic will be presented. Toxicological considerations related to multi-drug use and cleaning of ophthalmic instruments used
during cataract surgery will be reviewed as they relate to TASS (Toxic Anterior
Segment Syndrome).
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ELECTRORETINOGRAPHY IN OCULAR SAFETY
ASSESSMENT: VIGABATRIN RETINAL TOXICITY.

J. N. Ver Hoeve. Department of Ophthalmology, University of Wisconsin-Madison,
Madison, WI. Sponsor: B. Christian.
Vigabatrin is a highly effective drug for the treatment of infantile spasms and refractory adult partial complex seizures that was found to cause permanent visual
loss in a high proportion of patients years after its introduction in Europe and

Canada. The FDA recently approved vigabatrin for use in the USA, stipulating that
electroretinography (ERG) be used in infants as one biomarker for retinal toxicity.
This talk will review the current role of the ERG in nonclinical development and
safety monitoring of vigabatrin.
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SAFETY ASSESSMENT STRATEGIES AND CHALLENGES
FOR DEVELOPING INTRAVITREALLY ADMINISTERED
BIOLOGICS.

V. Bantseev. Safety Assessment, Genentech Inc., South San Francisco, CA. Sponsor: B.
Christian.
The development of intraocular drugs to treat posterior segment disease, such as
age-related macular degeneration, presents both advantages and challenges due to
the unique aspects of ocular anatomy and physiology. While drug administration
within the eye affords the promise of direct and local delivery, the reduction of systemic exposure and toxicity, and the availability of non-invasive tools allowing for
real-time monitoring of the eye, there is an unmet need to reduce intravitreal injection frequency and treatment burden through sustained delivery formulations and
devices. Adding to these complexities, developing antibody-based therapeutics
presents additional challenges due to their inherent specificity (often limited to primates), which may limit the animal models available for assessing safety. Case studies on the safety assessment strategies and challenges encountered in developing
protein therapeutics to the posterior segment of eye will be presented.
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PRACTICAL ENCOUNTERS IN INTRAVITREAL
NONCLINICAL SAFETY—THE RETISERT
EXPERIENCE.

M. E. Richardson. Nonclinical Safety, Bausch & Lomb, Rochester, NY. Sponsor: B.
Christian.
Treatment approaches for ocular diseases affecting the posterior segment can be
limited by the lack of effective delivery of drug. Conventional approaches for treating inflammatory diseases in the posterior segment include topical administration,
periocular or intravitreal injections, and systemic administration of therapeutic
agents. Several disadvantages to these treatment modalities include the typically low
bioavailability following topical drug application, and the potential for increased
systemic or local effects. Ocular implants have advantages over more conventional
methods of drug administration, including delivery of a constant therapeutic drug
level directly to the site of action. Retisert is a non-biodegradable intravitreal implant containing the steroid fluocinolone acetonide, for the treatment of chronic
non-infectious uveitis affecting the posterior segment of the eye. The device releases
active drug at a predictable rate for approximately 3 years following surgical placement of an implant into the vitreous. As a novel approach to therapy, regulatory
testing expectations for non-biodegradable intravitreal implants have not been well
established. To support the safety and registration of the Retisert implant, a comprehensive nonclinical program was conducted. This testing strategy was designed
to characterize the release of the drug from the delivery system, and determine the
chronic pharmacokinetic and toxicity profile of the implant. Additional testing was
conducted to establish the biocompatibility of the implant material. Key considerations when developing such an implant include optimal selection of the drug,
drug delivery characteristics and species selection for the nonclinical program. The
unique drug delivery profile of this agent with a well-characterized adverse event
profile, including cataract formation and increased intraocular pressure and glaucoma has resulted in complexities in regards to the global development and registration of the product. This presentation will highlight some of the key challenges
and “lessons learned” with Retisert, and intravitreal implants in general.
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REGULATORY PERSPECTIVES OF CONTEMPORARY
ISSUES IN OCULAR TOXICOLOGY.

W. A. Chambers. Center for Drug Evaluation Research, US FDA, Silver Spring,
MD. Sponsor: B. Chrisitan.
This presentation will provide an overview of regulatory considerations for the nonclinical development of drugs for ocular disease. Important nonclinical ocular findings will be discussed with respect to regulatory decision making and their implications for further preclinical and clinical evaluation.
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MOLECULAR BASIS FOR PREVENTION OF
CARDIOTOXICITY.

Q. M. Chen1 and Y. Kang2. 1Department of Pharmacology, University of Arizona,
Tucson, AZ and 2Department of Pharmacology and Toxicology, University of
Louisville, Louisville, KY.
Cardiac toxicity is an increasing concern for chemo, radiation, and gene targeting
therapies. The overlapping molecular pathways of cardiac protection versus cancer
cell growth, and cardiac energy metabolism versus underlying causes of diseases
such as obesity or diabetes pose threats to new drug development against these diseases. Whereas anthracyclines, such as doxorubicin, are well known for inducing
cardiotoxicity manifested by arrhythmia and chronic cardiomyopathy, the monoclonal antibody trastuzumab (Herceptin) targeting the epidermal growth factor receptor for cancer therapy induces apoptosis and hypertrophy of cardiomyocytes,
leading to dilated cardiomyopathy. Small molecular kinase inhibitors, such as imatinib (Gleevec), cause cardiotoxicity due to induction of apoptosis of cardiomyocytes. While kinase inhibitors and gene targeting therapy have tremendous potential for pharmacological treatment of cancer and other diseases, finding the
signaling pathways and genes that can protect against cardiotoxicity is an emerging
issue. Thus, in exploration of this important topic, we will discuss the ways in
which the heart can be protected from tissue injury by addressing signaling molecules, unique genes, and nutritional factors.

813

CARDIOTOXICITY OF CHEMOTHERAPEUTIC DRUGS:
CLINIC PRESENTATION AND TREATMENT.

J. Alpert. Medicine, University of Arizona, Tucson, AZ. Sponsor: Q. Chen.
Cardiotoxicity of cancer chemotherapeutic agents has become an increasing concern for cardiologists. These agents can injure the myocardium or vascular system
through a variety of mechanisms including: 1) direct toxic effects, such as induction
of oxidative stress and apoptosis; 2) alteration of cellular signaling pathways and
biochemical metabolism; 3) neurohormonal activation; 4) alteration of ion channels important for the contractile function; and 5) affecting components of coagulation. Notorious examples of these agents include anthrocyclines, trastuzumab,
imatinib, and 5-fluorouracil. While anthrocyclines have been well studied for their
cardiotoxic effects through generation of oxidants, small molecule or monoclonal
antibody-based tyrosine kinase inhibitors can cause cardiotoxicity despite of the
tremendous potential for cancer therapy. Alkylating agents, antimetabolites, antimicrotubule agents, and proteasome inhibitors can also induce cardiotoxicity. The
clinical presentation of cardiotoxicity differs between the drugs, and includes myocardial ischemia, infarction, hypertension, thromboembolism, arrhythmias, and
congestive heart failure. Mechanisms of myocardial injury and the resulting clinical
pathological entities produced will be discussed. Various biomarkers, hemodynamic, and clinical endpoints are used in clinical practice in order to monitor patients for cardiovascular complications associated with these therapies. A number of
established and experimental preventive and/or therapeutic interventions are employed to combat cardiovascular complications involving these agents.
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CARDIOTOXICITY OF KINASE-TARGETED
THERAPEUTICS.

T. Force. Center for Translational Medicine, Thomas Jefferson University,
Philadelphia, PA. Sponsor: Q. Chen.
A decade ago, Hoshijima and Chien (JCI, 2002) drew largely theoretical parallels
between the dysregulation of the signaling pathways driving cancer and those driving cardiac hypertrophy. On the surface, this statement appeared to stretch the limits of reason, given the fact that cancer cells are known for their proliferative capacity, and adult cardiomyocytes are, except under unusual circumstances, terminally
differentiated and incapable of re-entering the cell cycle. However, on closer examination, there are numerous parallels between signaling pathways that drive tumorigenesis, and signaling pathways that regulate hypertrophic responses and survival in
cardiomyocytes. Indeed, this issue appears to be at the core of the cardiotoxicity,
often manifest as a dilated cardiomyopathy, that can result from treatment with
agents typically referred to as “targeted therapeutics”, which target specific protein
kinases that are dysregulated in cancer. Herein, we will examine the cardiotoxicity
of targeted therapeutics, focusing on the underlying molecular mechanisms,
thereby allowing an understanding of the problem, but also allowing the identification of novel, and sometimes surprising, roles played by protein kinases in the
heart.
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MITOCHONDRIAL ALDEHYDE DEHYDROGENASE 2,
NITROGLYCERIN, AND MYOCARDIAL INJURY.

D. Mochly-Rosen and C. Chen. Chemistry and System Biology, Stanford University,
Stanford, CA. Sponsor: Q. Chen.
Mitochondrial aldehyde dehydrogenase 2 (ALDH2) is best known for its role in alcohol metabolism. Recent evidence suggests that ALDH2 serves as a natural shield
from oxidative stress in the myocardium. We have identified Aldas as selective aldehyde dehydrogenase activators. Protein crystallography studies identified the molecular basis for ALDH2 activation by Alda-1. We also found that Alda-1 corrects
the structural defect in a mutant enzyme, a result of a single point mutation that is
found in 40% of East Asians. We then show that Alda-1 treatment reduces oxidative stress and cardiac injury ex vivo and in vivo. Because of the critical role of
ALDH2 in cardiac protection, we asked whether prolonged treatment of nitroglycerin, which inactivates ALDH2, may generate adverse effects in patients at the risk
for myocardial infarction. Using an in vivo rat model of myocardial infarction
(MI), we demonstrated that sustained nitroglycerin treatment results in increased
cardiac dysfunctions following MI. We observed a lower fractional shortening and
increased myocardial injury at 3 days and 2 weeks after MI in rats subjected to sustained nitroglycerin up to the ischemic event. Concomitant treatment with Alda-1
reduced nitroglycerin-induced increase in infarct size and rescued cardiac function
after MI as measured up to two weeks after infarction. These data suggest that activation of ALDH2 could protect from nitroglycerin-induced increase in cardiac
damage. The potential clinical implications of our data on the role of ALDH2 in
acute and chronic oxidative stress of the myocardium will be discussed.
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NRF2 AND GILZ AS MOLECULAR TARGETS FOR
CARDIAC PROTECTION.

Q. M. Chen. Pharmacology, University of Arizona, Tucson, AZ.
Oxidative stress plays an essential role in cardiotoxicity of chemotherapeutic agents.
Whereas low to mild doses of oxidants provoke endogenous defense, high dose or
prolonged oxidative stress induces death or hypertrophy of cardiomyocytes, contributing to dilated cardiomyopathy and heart failure. Increasing endogenous antioxidant defense and inhibiting hypertrophy or apoptosis are expected to reduce
cardiotoxicity. Nrf2, a transcription factor regulating the expression of a cluster of
antioxidant and detoxification genes, can be activated by low to mild doses of oxidants and a number of natural products. In cardiomyocytes, oxidants cause rapid
elevation of Nrf2 protein due to de novo protein translation. Recruitment of specific RNA binding proteins to 5’ Untranslated Region of Nrf2 mRNA contributes
to stress induced de novo Nrf2 protein translation. Knocking out the Nrf2 gene results in a loss of cardiac protection in mice. Nrf2 overexpression prevents hypertrophy but not apoptosis of cardiomyocytes. Complementing the protective effect of
Nrf2, we found that glucocorticoids inhibit apoptosis of cardiomyocytes and reduce cardiac injury in mice. A key molecule mediating the protective effect is
Glucocorticoid Induced Leucine Zipper (GILZ), a cytosolic protein not capable of
binding to DNA. When overexpressed in cultured cardiomyocytes, GILZ inhibited
doxorubicin from inducing apoptosis. Mechanistic studies found that GILZ interacts with and stabilizes bcl-xL protein. Since a number of dietary supplements induce Nrf2 and GILZ is inducible by steroids, our findings provide a hope for reducing cardiotoxicity utilizing a combination of Nrf2 and GILZ inducers, which
when combined would reduce oxidative stress, inhibit apoptosis and inhibit hypertrophy of cardiomyocytes.

817

HYPOXIA-INDUCIBLE FACTOR-1 IN CARDIAC
TOXICITY AND REGENERATION.

Y. J. Kang. Pharmacology and Toxicology, University of Louisville, Louisville, KY.
Chemical and pathogenic stresses induce accumulation of the Hypoxia-Inducible
Factor (HIF)-1α in the cells. When translocating to the nucleus, HIF-1α dimerizes
with HIF-1α and interacts with cofactors to assemble the HIF-1 transcriptional
complex. HIF-1 regulates myocardial cell function under hypoxic conditions via a
series of shifts in metabolic pathways, such as increasing the expression of cytochrome c oxidase subunit COX4-2, causing a switch from COX4-1 to COX4-2
and therefore adaptation of mitochondrial complex IV to the hypoxia condition.
The induction by HIF-1 of pyruvate dehydrogenase kinase 1 shunts pyruvate away
from the mitochondria. HIF-1 triggers mitochondrial selective autophagy by induction of BNIP3. HIF-1 also induces microRNA-210, which blocks assembly of
Fe/S clusters that are required for oxidative phosphorylation. These adaptive
changes induced by HIF-1 protect the heart from the environmental and endogenous insults. HIF-1 also regulates angiogenesis and bone marrow stem cell homing
for myocardial regeneration. However, under certain circumstances HIF-1α accumulation does not lead to the metabolic adaptation or promotion of regeneration.
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An example of such circumstance is disorder of copper homeostasis. Copper is required for HIF-1 transcriptional activity, since it regulates the binding of HIF-1 to
the HRE and formation of HIF-1 transcriptional complex. Copper loss from the
heart occurs under cardiac hypertrophy and ischemic conditions, leading to accumulation of HIF-1α without activation of HIF-1 activity. The detrimental versus
beneficial effect of HIF-1α accumulation during copper deficiency in cardiac diseases will be discussed.

818

NANOPARTICLES FOR DRUG DELIVERY:
INTERACTIONS WITH THE IMMUNE SYSTEM.

S. Casinghino1 and M. A. Dobrovolskaia2. 1Pfizer Inc., Groton, CT and 2SAICFrederick Inc., NCI-Frederick, Frederick, MD.
Nanotechnology holds great promise for targeted drug delivery. Unique chemical
and physical properties of nanomaterials may lead to improvements in delivery
technology in several ways. Examples include increasing the solubility of poorly soluble drugs, increasing efficacy and safety by delivering drugs directly to diseased tissues,and potentially decreasing costs by achieving therapeutic efficacy despite administration of lower doses of drugs. Many publications have discussed the
toxicology of environmental and occupational nanomaterials, but more information is needed regarding nanoparticles designed for parenteral administration.
These nanoparticles may present unique issues due to recognition by the innate immune system and downstream effects on adaptive immunity. Interactions with the
immune system may result in premature clearance before payload delivery, disseminated intravascular coagulation-like toxicities, inflammation, anaphylaxis, and decreased resistance to infection or tumors. Nanoparticles are a very broad and diverse
class of biomaterials, and there are significant gaps in our knowledge of the mechanisms by which nanoparticles interact with the immune system. Recognition by
immune cells is influenced by many factors, including direct interaction of
nanoparticles with red blood cell proteins as well as proteins of the complement
and coagulation systems. Therefore nanomaterials may need to be screened for
hematocompatibility and complement activation prior to preclinical in vivo studies.
Investigation of nanomaterial effects on the function of immune cells, such as
phagocytes and lymphocytes, is also important, and development of in vitro assays
that are predictive of in vivo observations is critical. Further work is needed to elucidate which chemical and physical properties of nanoparticles are responsible for
specific interactions with immune system proteins or cells, and understanding these
interactions may allow exploitation of nanoparticle properties to ensure both safety
and efficacy of nanomedicines.

819

IMMUNOLOGICAL PROPERTIES OF ENGINEERED
NANOMATERIALS.

M. Dobrovolskaia. SAIC-Frederick, Feredrick, MD. Sponsor: S. Casinghino.
Nanotechnology is finding growing applications in industry, biology and medicine.
The clear benefits of using nanosized products in various biological and medical applications are often challenged by questions regarding toxicity of these materials.
One area of interest involves the interactions between nanoparticles and the components of the immune system. Nanoparticles can be engineered to either avoid
immune system recognition or to specifically interact with components of the immune responses. This presentation will review data regarding nanoparticle-mediated immunostimulation and immunosuppression; how manipulation of particle
physicochemical properties can influence their interaction with components of the
immune system (specifically interaction with erythrocytes, effects on blood coagulation system and effects on immune cell function), and discuss challenges with
preclinical immunological characterization of engineered nanomaterials (specifically endotoxin contamination, depyrogenation, sterility and sterilization, and
nanoparticle interference with traditional immunological tests).
Funded by NCI Contract No.HHSN261200800001E

820

UNDERSTANDING THE IMMUNOLOGICAL
PROPERTIES OF FUNCTIONALIZED LIPID-POLYMER
NANOPARTICLES.

C. Salvador-Morales. Bioengineering Department, George Mason University, Fairfax,
VA. Sponsor: S. Casinghino.
Lipid-polymer hybrid nanoparticles (LPNPs) hold great promise as a drug delivery
vehicle for the treatment of various diseases because of their high drug carrying capacity of poorly water-soluble drugs, long circulation half-life, multivalent targeting
ability and controlled drug release properties. The study of the immunological
properties of LPNPs becomes a critical requisite for their use in medical settings. As

a first step to investigate the use of LPNPs as novel drug delivery devices, their interaction with a part of the human immune system, complement has been explored. The complement system is the most important biochemical cascade in the
blood for the recognition, opsonization and killing of foreign materials. This presentation covers from general knowledge on complement system to the state of the
art on complement activation by other nanomaterials. The last part of the talk is focused on presenting the first systematic study of the blood biocompatibility properties of lipid-polymer nanoparticles functionalized with methoxyl (OCH3), amine
(NH2), and carboxyl (COOH) functional groups. Our results show that LPNPs
–OCH3 generate negligible levels of complement activation, while LPNP-NH2 induced the highest complement activation among carboxylic and methoxyl groups.
None of these nanoparticles activated the coagulation cascade. In general, lipidpolymer nanoparticles functionalized with these three functional groups present
good biocompatibility profiles in comparison to Zymosan, a well known activator
of the complement system. The main contribution of this work is the creation of an
effective and practical method to modulate the levels of activation of the complement system via the interaction of different functional groups on nanoparticle’s surface.

821

RECOGNITION OF NANOPARTICLES BY
MACROPHAGES—FROM PRINCIPLES TO
CONSEQUENCES AND TOXICITY.

A. A. Shvedova1, 2. 1PPRB, NIOSH, Morgantown, WV and 2West Virginia
University, Morgantown, WV.
Engineered nanomaterials (EN) have unique physico-chemical properties that
make them promising for many biomedical applications. However, with the burgeoning capabilities to manipulate structures at the nano-scale, employing this machinery for safe and efficient drug delivery is not fully explored. To this end recognition of EN by the immune system, our primary defense outpost against foreign
invasion is a critical point. Recognition versus non-recognition of EN by the immune system not only determines the distribution of nanomaterials in the body but
may also dictate their toxic potential. Recent studies showed that autophagy may
have emerged as the initial and primordial defense of eukaryotic cells against microbes. It is therefore not surprising that immune-competent cells may respond to
EN in a similar manner as to viruses/bacteria. Consequently, there are complex relationships between the infection process and inflammatory responses to EN resulting in potent effects of nanoparticles on pulmonary clearance of bacteria.
Elucidation of how EN impact the conserved mechanism of autophagy, recognition
and/or phagocytosis promise to be an interesting and fruitful area for better understanding of interactions of EN with the cells of innate immune system, particularly
macrophages. It becomes clear that the presence of specific recognition patterns primarily defined by the EN’ size and charges are essential for their recognition and
uptake by macrophages. Further, the presence of specific signals on the surface of
EN, such as adsorbed lipids or proteins, confers additional features to the effectiveness of the recognition of nanoparticles by professions phagocytes. Finally, oxidative stress - known to act as an underlying mechanism that drives the toxicities of
EN in vitro as well as in vivo – may be triggered as a macrophage response to recognized nanoparticles. Overall, the mechanisms of recognition, cellular internalization of EN by immune competent cells, particularly macrophages, represent an important new field of molecular nanotoxicology.

822

DEVELOPMENT OF CYT-6091 (AURIMUNE®): A
MODEL CANCER NANOMEDICINE.

L. Tamarkin and G. F. Paciotti. CytImmune, Rockville, MD. Sponsor: S.
Casinghino.
The use of nano-sized drug delivery systems to target potent, but toxic anticancer
therapeutics to solid tumors is best accomplished by avoiding the drug’s uptake by
the immune system and by limiting its biodistribution. Binding recombinant
human tumor necrosis factor alpha (TNF) to the surface of 27 nm PEGylated colloidal gold particles (CYT-6091) meets these objectives. Each component serves a
specific function. The gold nanoparticles limit biodistribution, while PEGylation
prevents immune detection. TNF serves to localize the nanoparticle to the tumor
and causes vascular disruption of the tumor blood supply. Clinically, an IV injection of 0.4 mg native TNF (the MTD) has no anticancer action. But, 1 mg TNF
perfused regionally and combined with chemotherapy [Isolated Limb Perfusion
(ILP)] is very effective, resulting in an 85% complete local response rate. Our goal
is to systemically administer 1 mg TNF formulated as CYT-6091 to cancer patients. The completed CYT-6091 Phase I clinical trial demonstrated that CYT6091: induced a fever that was eliminated by pre-treatment with
acetaminophen/indomethacin, induced acute lymphopenia that resolved within 24
hours, did not induce an anti-TNF antibody response, showed no DLT at the highest dose of 0.6 mg/m2 (>1 mg TNF per dose), and targeted the tumor as deter-

mined by the presence of gold nanoparticles in patient biopsies. A Phase II combination trial with docetaxel, mimicking the ILP protocol design, but administered
systemically, will assess efficacy. The Phase I trial highlights three fundamental characteristics for cancer nanomedicines: development of a controlled manufacturing
process that creates a nanomedicine that may be well-characterized, which when injected IV does not traffic to the mononuclear phagocyte system (the liver and
spleen), and does traffic to tumors, limiting the drug’s biodistribution, reducing
systemic toxicity and potentially bringing more drug to the site of disease. Further,
since an intact tumor vasculature is critical for nanomedicines’ targeting tumors,
the treatment of solid tumors should begin with a nanomedicine prior to surgery,
even for resectable tumors.

823

CASE STUDY: INTERACTION OF DEXTRAN
NANOMATERIALS WITH THE IMMUNE SYSTEM—IN
VIVO AND IN VITRO STUDIES.

S. Casinghino, G. B. Freeman, M. L. Mirsky and T. T. Kawabata. Pfizer Inc.,
Groton, CT.
While nanomaterials made of biocompatible polymers hold great promise as drug
delivery platforms, biological consequences resulting from interaction of nanomaterials with the immune system have not been fully elucidated. Dextran is well established as a biocompatible polymer with extensive use as a plasma expander.
Hydrophobic derivatives of dextrans that were developed to enable manufacture of
drug-polymer nanoparticles, elicited severe toxicities in rat in vivo studies. Results
of these studies suggested that the dextran derivatives were being recognized by the
immune system and were capable of activating macrophages and the complement
cascade. In vitro assays were used to screen for immune system activation and after
further modifications to the polymers, dextran derivatives were identified that
showed improved safety profiles in subsequent in vivo studies. These screening assays have the potential to facilitate selection of materials to minimize unwanted interaction with the immune system and to aid in the rational design of nanoparticle
drug delivery systems.

824

TOXIC CELL-DEATH: SIGNALING PATHWAYS, CROSSTALK, AND HIGH-THROUGHPUT ANALYSIS.

S. Orrenius1 and W. Slikker, Jr.2. 1Karolinska Institutet, Stockholm, Sweden and 2US
FDA/NCTR, Jefferson, AR.
Cell death is the ultimate result of toxicity caused by damage to critical cell functions and/or activation of death signaling pathways. Toxicants can trigger multiple
modes of cell death (apoptosis, necrosis, necroptosis, and autophagic cell death)
with distinct morphological and biochemical characteristics. In fact, several cell
death modalities may coexist within the same lesion with cross-talk between them.
To address this important topic, we will begin by discussing the role that cell death
plays in toxic insult and disease, and how improved knowledge of cell death signaling pathways and mechanisms will help us understand how toxicants might interfere with cell viability and function. After the description of various cell death
modalities, and the possible cross-talk between them, mechanisms of apoptotic cell
death caused by anesthetics in the developing brain and of lead-induced apoptosis
in retinal photoreceptors will be presented as examples of cell death caused by toxic
insult. These studies illustrate the critical roles of the calcium ion and of reactive
oxygen species as mediators of neurotoxicity, as well as the difference in sensitivity
of the mitochondrial populations in rods and cones to apoptotic stimuli.
Thereafter, the mechanisms of action of certain chemotherapeutic agents and fungal toxins will be discussed to illustrate the role of sphingolipid signaling molecules
in cell death and disease. Finally, a molecular epidemiology approach using novel
technologies to assess cell death and environmental impact in individual cells and in
human populations in a high-throughput manner will be presented. The program
will cover important toxicity mechanisms in multiple target organs and will hopefully contribute to a better understanding of the role of cell death mechanisms in
toxic insult and disease.

825

MODES AND PATHWAYS OF TOXICANT-INDUCED
CELL DEATH.

B. Zhivotovsky. Institute of Environmental Medicine, Karolinska Institutet,
Stockholm, Sweden.
Cell death is the ultimate result of toxicity. It is now apparent that during toxicity
multiple cell death programs, i.e. apoptosis, necrosis, necroptosis and autophagy,
can be activated. Some of them are shared by different tissues; others are tissue-specific and are linked to particular functions. Elucidating the signaling pathways regulating various modes of cell death, is highly relevant for our understanding of the
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cellular targets and mechanisms of action of toxic agents. Such knowledge is also
important in design of less toxic analogs. Further, using modern methodological
approaches, (e.g., genomics and proteomics), knowledge of cell death mechanisms
will help us understand how toxicants might interfere with cellular regulation of
gene transcription and protein expression and function.

826

PATHWAYS TO ANESTHETIC-INDUCED BRAIN CELL
DEATH AND TO NEURONAL PROTECTION.

W. Slikker. National Center for Toxicological Research/US FDA, Jefferson, AZ.
It is estimated that 2.3 million ambulatory anesthesia episodes of care were provided in the US to children younger than 15 years. Although comprehensive studies have yet to be reported in humans, data from five species including nonhuman
primates indicate that prolonged anesthetic exposure of developing mammals at
critical stages of development results in brain cell death and lasting cognitive
deficits. One pathway to toxicity involves the N-methyl-D-aspartate
(NMDA)–type (glutamate) receptor system. Blockade of the receptor by ketamine
results in selective cell death via a pathway that involves a compensatory up-regulation of subunits of NMDA receptor. Specific subunits that are up-regulated as indicated by gene-expression studies and validated by Q-PCR include the NR1 and the
NR2C. Initiation of a cell death cascade begins with Ca2+ influx and is postulated
to produce an increase in reactive oxygen species. Several recent studies have indicated that reduction of oxidative stress may protect the developing animal from
anesthetic-induced brain cell death. Evidence for the role of oxidative stress in anesthetic-induced neurotoxicity has been generated in studies that apply oxidative
stress blockers, including L-carnitine (mitochondrial protector) and melatonin, in
vivo, and specific antioxidants, in vitro, including the superoxide dismutase
mimetic, M40403 and the NOS inhibitor, 7-nitroindazole. Recent gene expression
assessments indicate that genes in the oxidative stress pathway are altered by anesthetic treatment of developing animals. Together, the application of omics approaches along with traditional toxicological endpoints indicates that oxidative
stress plays a critical role in the susceptibility of the developing brain to anesthetics.
Prevention of neuronal death in studies with oxidative stress blockers have indicated that reduction of oxidative stress may provide protection from anesthetic-induced neuronal cell death during development.

827

DIFFERENTIAL PATHWAYS OF CELL DEATH BY LEAD
AND NEUROPROTECTION BY BCL-XL IN
PHOTORECEPTOR SYNAPTIC AND NONSYNAPTIC
MITOCHONDRIA.

D. A. Fox. College of Optometry, University of Houston, Houston, TX.
Mitochondria are critically involved in the regulation of energy metabolism and
apoptotic cell death in tissues, including the retina. Rod and cone photoreceptors
have two mitochondrial compartments: inner segments (IS) that are a primary target for chemical-induced retinal degeneration, and synaptic terminals (ST). This
talk will highlight the similarities and differences in these targets following postnatal lead exposure in wild-type and transgenic mice overexpressing Bcl-xL in photoreceptors. Lead produced rod-selective apoptosis by activating the cytochrome ccaspase cascade in rod ISs, which was blocked by Bcl-xL. In contrast, lead produced
mitochondrial swelling and altered ultrastructure in both rod and cone STs that was
not blocked by Bcl-xL. The results reveal the importance of compartmental analysis and differences between IS and ST mitochondria in rods and cones, and their
differential sensitivity to apoptotic stimuli. They indicate that persistent structural and visual functional- alterations of cone and rod ST remain even after rod apoptosis is blocked.

828

CERAMIDE, SPHINGOID BASES, AND SPHINGOID
BASE METABOLITES AS LIPID MEDIATORS IN
SIGNALING PATHWAYS LEADING TO CELL DEATH
AND DISEASE.

R. T. Riley. Toxicology and Mycotoxin Research Unit, USDA-ARS-SAA, Athens, GA.
Increased ceramide generation de novo is a known to be involved in the mechanism
of action of many chemotherapeutic agents and conditions which disrupt cell cycle
progression and induce cell death. Conversely, the metabolism of ceramide to
sphingoid bases and and sphingoid base 1-phosphates has been implicated in cell
survial and inhibition of cell death. Complicating this picture is the fact that fungal
toxins that inhibit ceramide biosynthesis and induce elevated levels of sphingoid
base 1-phosphates also induce increased cell death and cancer in animal models. In
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addition, elevated levels of sphingoid base 1-phosphates may disrupt signalling via
disruption of sphingosine 1-phosphate receptor (S1PR1-5) signaling. This presentation will provide an overview of sphingolipids as mediators of regulatory processes
involved in cell growth, differentiation, cell migration, vascular regulation and cell
death.

829

MEASURING CELL DEATH AND GENOTOXICITY IN
SINGLE CELLS AND HUMAN POPULATIONS USING
LAB-ON-A-CHIP TECHNOLOGIES.

M. T. Smyth. School of Public Health, University of California Berkeley, Berkeley,
CA.
The Center for Exposure Biology at UC Berkeley has developed high-throughput
single copy/cell genetic analysis technologies using emulsion PCR to detect translocations and point mutations linked to lymphoma. Recent work has led to the development and application of a novel microfluidic device that enables quantification of RNA transcripts and protein levels in parallel, expanding our analytical
capability beyond DNA mutations. This device enables on-chip culture and analysis of gene expression, surface proteins and cell death in single cells. Use of novel
geometry on the device has facilitated fluorescence detection of immunoassay results followed by real-time RT-PCR assay of mRNA for each individual cell. This
scalable device performs multiple assays in parallel to achieve the necessary
throughput for studies of the effects of environmental exposure on cell death and
other parameters in single cells.

830

CONCEPTS CRITICAL TO THE NEXT GENERATION
OF HUMAN HEALTH AND ECOLOGICAL RISK
ASSESSMENT.

R. Gentry1 and B. Locey2. 1ENVIRON International Corporation, Monroe, LA and
2ARCADIS, Novi, MI.
Through the collaborative effort between the SOT Risk Assessment Specialty
Section and the SETAC Human Health Risk Assessment Advisory Group, this session was developed to highlight the challenges currently facing the next generation
of risk assessors. With the release of the recent National Academy of Sciences reports on toxicity testing that present a vision for movement from in vivo testing to
in vitro and in silico testing, as well as the most recent changes in risk assessment
guidelines by regulatory agencies, risk assessors are faced with the challenge of integrating innovative data (e.g., genomics) into the current risk assessment paradigms
or with the development of new paradigms or methods to address changing issues
in risk assessment. In considering all the biological changes and scientific information, many of these new methods attempt to integrate all of the available scientific
information of a compound to better inform both human health and ecological risk
assessment/risk management decisions. Our panel of experts will provide information on new programs and approaches within regulatory agencies, as well as in the
private sector, that will be important in the next generation of risk assessment.

831

A MORE EFFICIENT AND EFFECTIVE TESTING AND
ASSESSMENT PARADIGM FOR CHEMICAL RISK
MANAGEMENT.

S. Bradbury. US EPA, Washington, DC.
A major challenge confronting chemical risk management is to address the potential ecological and human health risks for large numbers of chemicals with greater
speed and accuracy using fewer resources. From a strategic and tactical viewpoint,
an integrated approach that relies on existing knowledge (including mechanistic information of both chemistry and biology from novel computational toxicology) is
needed to advance progressive and focused assessment strategies, as well as to advance the utility of risk assessment by providing more relevant information. The use
of “Integrative Approaches to Testing and Assessment” is a means to efficiently use
existing exposure and toxicity information combined with (Q)SAR predictions and
in vitro data in a systematic and coordinated manner for a chemical or a group of
similar compounds. Fundamental to using an integrative strategy is an understanding of adverse outcome pathways which provides a biological construct of key
events at the different levels of biological organization causally linked to an in vivo
endpoint of regulatory interest. By using a battery of models and in vitro assays, the
potential of chemicals to initiate molecular interactions can be efficiently evaluated.
At each level of biological organization, the potential of chemicals to elicit toxicological effects can be refined as necessary, in the context of likely exposure. This
tiered approach leads to a reduction in the amount of testing at each higher level of
biological organization. Thus, instead of every chemical being tested for every pos-

sible endpoint in a battery of in vivo studies, only those studies that are rational for
the chemicals’ toxicological potential are required. This presentation will describe
ongoing efforts to improve and transform approaches for human health and ecological assessment within the Office of Chemical Safety and Pollution Prevention.

832

MABEL: USE OF PRECLINICAL DATA TO SET
ACCEPTABLE STANDARDS FOR EXPOSURE.

G. Bruce. Intertox, Inc., Seattle, WA. Sponsor: R. Gentry.
Pharmaceutical and personal care product (PPCP) ingredients and other emerging
compounds are increasingly detected in water potentially intended for human consumption, and water industry and risk assessment professionals are faced with the
need to efficiently establish Acceptable Daily Intakes (ADIs). The growing availability of sensitive pharmacological data and preclinical data characterizing the
agents’ mechanisms of action presents a unique opportunity to explore their use in
developing screening levels for these compounds. We investigate the use of the
Minimum Anticipated Biological Effect Level (MABEL)— the lowest dose with
any measurable effect on biological systems— as a point of departure for deriving
ADIs for emerging compounds, particularly PPCPs, in drinking water. Drug industry experience has demonstrated that, for certain types of drugs, “safe” doses
identified using traditional methods (e.g., using no observed adverse effect levels,
based on toxicological endpoints) may have greater uncertainty than desired; the
MABEL is currently being applied in the EU to reduce uncertainties in establishing
safe exposure levels for drugs undergoing clinical testing. We characterize data requirements for applying the MABEL methodology to deriving screening levels for
PPCPs in drinking water, and evaluate case studies to compare values to those derived using traditional methods (e.g., extrapolating from toxicological endpoints).
Based on these findings, we discuss advantages and potential challenges, and propose directions for future research. Results suggest that the MABEL approach offers
a transparent means to establish ADIs based on scientific evidence rather than extrapolation modeling, thereby decreasing the uncertainty about the protectiveness
of screening levels, and offers a potential means to deriving screening levels for mixtures of compounds with the same or similar modes of action.

833

USING TRANSCRIPTOMIC DATA IN THE RISK
ASSESSMENT PARADIGM.

R. S. Thomas. The Hamner Institutes for Health Sciences, Research Triangle Park,
NC.
Current challenges facing chemical risk assessment are the time and resources required to meet the data standards necessary for a published assessment and the incorporation of modern molecular biological information. The integration of transcriptomic data into the risk assessment paradigm may address both challenges by
providing an efficient means to quantitatively and comprehensively evaluating the
molecular changes resulting from chemical exposure. To assess the value of applying
transcriptomics in risk assessment, a series of rodent studies were performed across
five chemicals that were positive for lung or liver tumors in a standard cancer bioassay. The target tissues were analyzed for traditional histological and organ weight
changes and transcriptional changes using microarrays. The dose-response changes
in gene expression were analyzed using standard benchmark dose methods that
have been commonly employed in risk assessment. The individual genes were then
grouped based on known canonical signaling pathways and the pathway-based responses were used as points-of-departure. A comparison of the transcriptional
benchmark dose values with those for the traditional noncancer and cancer apical
endpoints showed a high degree of correlation for specific signaling pathways.
Many of the correlated pathways have been implicated in noncancer and cancer disease pathogenesis. The results demonstrate that transcriptomic changes in signaling
pathways can be used to estimate noncancer and cancer points-of-departure for use
in quantitative risk assessments.

834

ADVERSE OUTCOME PATHWAYS AS A UNIFYING
CONCEPT IN ENVIRONMENTAL TOXICOLOGY.

K. Crofton. US EPA, Research Triangle Park, NC.
An adverse outcome pathway (AOP) is a subset of a source to outcome pathway
that delineates documented and testable linkages between a molecular initiating
event and an adverse outcome at the individual or population levels. AOPs, by definition, span multiple levels of biological organization. The amount of detail and
linearity characterizing the AOP between a molecular initiating event and an adverse outcome within an AOP can vary substantially, both as a function of existing
knowledge and risk assessment needs. Development of AOPs can provide insight

into the uncertainties in linking chemical use, exposure and outcome, thereby focusing research on critical data needs. Well defined AOPs provide utilitarian framework to build quantitative and qualitative models useful in: understanding the degree of perturbation associated with adverse outcomes, target for the development
and use of efficient chemical testing methods, and extrapolation between species
and lifestages. The development and use of AOPs can provide a framework in
which high-throughput and high-content information informs more efficient and
predictive risk decisions.

835

MIXTURES RISK MANAGEMENT: MOVING BEYOND
TEQS AND HAZARD INDICES.

P. S. Price. Dow Chemical Company, Midland, MI.
The human health and ecological risks posed by cumulative exposures to chemicals,
including exposure to mixtures, have traditionally been investigated using additive
models. These models include screening models such as the Hazard Indices, systems of TEQs that are based on a common mechanism of action, and Toxicity
Units that are based on empirical measurements of acute toxicity endpoints. More
recently the IPCS/WHO have proposed a tiered framework of modeling approaches for the evaluation of mixtures. This framework proposes the use of both
screening assessments and higher tiered approaches that consider detailed mechanisms of joint action and or use of probabilistic models of toxicity and exposure.
The European chemical industry (Cefic) has developed a Decision Tree approach
that extends the IPCS/WHO framework to include a determination of the value in
performing a cumulative assessments. These new tools provide increased flexibility
in the evaluation of risks from mixtures. They allow the use of screening evaluations
that can be performed with minimal data and describe how additional data can be
used to refine the screening assessments. Finally, the new tools allow the identification of specific groups of chemicals and specific populations where cumulative risk
assessments are most needed.

836

BRIDGING THE GREEN CHEMISTRY GAP BETWEEN
PRODUCT DISCOVERY AND AVAILABILITY.

A. A. Li1 and L. Zeise2. 1Exponent Health Sciences, San Francisco, CA and 2Cal/EPA
OEHHA, Oakland, CA.
Recent government and industry initiatives seek to identify chemicals of toxicological concern in products to reduce their use or replace them with safer chemicals. At
the same time, sustainable approaches to product manufacture and use that account
for energy consumption, product life cycle, and societal benefit are being emphasized. This creates the challenge of developing sound scientific approaches for identifying important chemical hazards and evaluating alternative, safer chemicals or
products, all done within the context of risk and benefit trade-offs. Two laws recently passed in California (Chapters 559 and 560, Statutes of 2008) direct the
state’s implementation of such green chemistry strategies. The US government, several states and cities, and industry are similarly exploring approaches for alternative
analyses that can include hazard, risk, environmental, life cycle, and carbon impact
assessments. A primary goal is a rapid and streamlined review and assessment to ensure the availability of safer and more effective products for the consumer and general public, at reduced costs and with minimal environmental impacts. Our panel
of regulators and scientists from different sectors will explore approaches that can
be used to implement green chemistry goals. It begins with a government perspective on challenges of development and implementation of legislation that will be effective, enforceable, and practical. This session features toxicity methods and case
studies for hazard and risk-informed screening strategies utilizing high-throughput
data, structure activity, and other toxicity information. It also considers how toxicity assessments can be utilized together with evaluations that account for carbon
footprint and other impacts of product manufacture, use, and disposal for green
chemistry decision making. At the conclusion of this session, two experts will lead a
panel discussion and provide their expertise in exposure and risk assessment, regulatory policy decision-making, and occupational clinical medicine.

837

INSIGHTS FROM IMPLEMENTING CALIFORNIA’S
GREEN CHEMISTRY LEGISLATION.

D. Raphael1 and O. Madriago2. 1Director, Cal/EPA DTSC, Sacramento, CA and
2Chief Deputy Director, Cal/EPA DTSC, Sacramento, CA. Sponsor: L. Zeise.
Green chemistry seeks to move toward products that do not have adverse human
health and ecological impacts, use less energy in manufacture and use, and are useful to society. This talk lays out the different elements of green chemistry in the
context of the California experience. California has been challenged in legislation to
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provide a framework for alternatives analysis to address chemicals of concerns in
consumer products. The goal for implementation has been to have approaches in
place to guide practical decision-making near term and that address the objectives
of the legislation, while maintaining the flexibility to make adjustments as the science and best practices evolve. Exposure to chemicals of concern occurs either
through direct product use or environmental pathways. Identification of these
chemicals is in part hazard-based, driven for example by classifications by authoritative institutions. The data for “safer” substitutes can be considerably less than for
chemicals of concern posing challenges for comparative analyses. Another challenge
is weighing sustainability aspects such as life cycle impacts and assessing the carbon
footprint associated with product manufacture, use, recycle and disposal. The presentation will share insights gained as California has begun to consider alternatives
assessment approaches and other aspects of implementing the green chemistry legislation.

838

CALIFORNIA’S HAZARD TRAIT FRAMEWORK AND
OTHER TOXICOLOGICAL CONSIDERATIONS FOR
GREEN CHEMISTRY DECISION-MAKING.

L. Zeise, M. Marty, R. Linville and G. V. Alexeeff. Cal/EPA OEHHA, Oakland,
CA.
In recent California legislation, green chemistry decision making is initiated by the
identification of chemicals of concern. A key consideration for identification is a
chemical’s “hazard traits,” chemical properties that may contribute to adverse effects in exposed humans or the environment. The legislation calls for specifying
hazard traits, toxicological and environmental endpoints, and any other relevant
data to be included in a Toxics Information Clearinghouse to aid green chemistry
evaluations. This talk describes the approach developed to implement this piece of
California’s green chemistry statutes. As a way of organizing hazard information
and evaluating evidence, California has developed a hazard trait framework, comprised of four major categories of hazards – toxicological, environmental, exposure
potential and physical. Within each of these, a number of hazard traits are identified. There are 19 toxicological hazard traits, those of the major disease “icities”
(e.g., carcinogenicity, cardiovascular toxicity) and traits that can be linked mechanistically with underlying causes (e.g., genotoxicity, reactivity in biological systems). Beneath each toxicological trait are endpoints that are manifestations of that
trait, and other relevant data that provide less direct evidence. The framework provides a construct for considering whether evidence is sufficient or suggestive of a
particular toxicological hazard trait. Besides hazard information, other types of data
can be important in evaluating possible chemicals of concern and alternatives. This
includes measures of cancer and non-cancer activities (e.g., cancer and non-cancer
benchmark doses, potencies). A challenge for use of the framework in green chemistry evaluations is that the data for possible “safer” substitutes can be considerably
less than for chemicals of concern. In vitro and other non-apical data may provide
evidence of hazard, and have been used by the industry to develop “greener” products.
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ALTERNATIVE ASSESSMENT STRATEGIES FOR
PRODUCT DEVELOPMENT FOR CHEMICALS
REGULATED IN EUROPE: 3 CASE STUDIES.

R. Landsiedel, B. Van Ravenzwaay, S. Kolle, T. Ramirez, H. Kamp and W.
Wohlleben. Product Safety, BASF, Ludwigshafen, Germany.
Toxicological screening strategies are applied to detect potential health hazards or
risks early in product development and direct it towards products posing lower risk
or hazard to workers, consumers and the environment. The very screening strategy
must be tailored to fit the regulatory and scientific basis as well as the intended use
of the respective material under investigation as illustrated by three case studies: (i)
For pesticides European regulations define cut-offs based on hazards and screening
tries to identify critical hazards. A combination of in vitro receptor-binding assays
and in vivo metabolomic analysis was successful in identifying potential endocrine
disruptors among new candidate compounds. (ii) Cosmetics testing in vivo is limited and shall be banned completely by 2013 in the EU. Complex endpoints - unlike local tolerance - cannot be tested in vitro with adequate accuracy today. Testing
strategies based on the in vitro assessment of the uptake of cosmetic ingredients, the
exclusion of genotoxic effects and the application of the Threshold of Toxicological
Concern concept were, however, able to select cosmetic applications with no or sufficiently low risk. Specifically, sunscreen pigments were brought to market after excluding genotoxicity by in vitro and in vivo studies and demonstrating that they do
not penetrate healthy or UV-damaged skin. (iii) For nanomaterials, there is not yet
specific regulation under REACH. Classical toxicological methods are generally
able to detect toxic effects of nanomaterials but need some adaptation, especially in
test substance preparation and application. Yet, there is also the opportunity to test
nanomaterials effectively and efficiently taking their specific material properties
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into account. Within these testing strategies short-term inhalation studies specifically designed for nanomaterials were a useful tool to select materials with low toxic
potency, and to discontinue projects for intended application presenting unclear or
unacceptable toxic properties.
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OPTIMIZING POTENTIAL GREEN REPLACEMENT
CHEMICALS—BALANCING FUNCTION AND RISK.

R. Judson. US EPA, Research Triangle Park, NC.
An important focus of green chemistry is the design of new chemicals that are inherently less toxic than the ones they might replace, but still retain required functional properties. A variety of methods exist to measure or model both functional
and toxicity surrogates that could be used in a global green optimization scheme. I
present an approach that uses multiple methods including in vitro screening assays,
in vitro-based toxicokinetics modeling, QSAR and docking modeling to help rankorder potential replacement chemicals. This ranking needs to account for both differences in inherent toxicity but also differences in properties related to intended
use. This approach will be illustrated using data and modeled parameters for a collection of pyrethroid insecticides. These cover a diverse range of chemical structures
and differential toxicity (e.g. chemicals in the class hit different ion channel targets
and show different rates of detoxifying liver metabolism) and differential pesticidal
activity (mainly via different ion channel activities) so provide a good example for
testing out “green” optimization approaches. This abstract does not necessarily reflect US EPA policy.
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WEIGHING MULTIPLE VARIABLES IN IMPROVING
THE GREEN PROFILE OF CONSUMER PRODUCTS.

G. Daston. Miami Valley Labs, Procter & Gamble, Cincinnati, OH.
There are a large number of factors that must be considered in developing greener
ingredients and products. These include not only human and environmental safety
and environmental fate, but also energy usage during manufacture and product use,
disposal considerations, and sustainability of feedstocks, to name a few. Because of
the complexity of evaluating such a large number of variables it is important to utilize quantitative measures of performance for each, as well as to have a transparent
way of weighing the positive or negative impact of changing each variable. Current
and next generation risk assessment practices can be used to determine human and
environmental risk. Life cycle assessment tools are applied to estimate the relative
gains/losses each alternative ingredient makes in the manufacture, use and disposal
of a product.
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CROSS-SPECIES EXTRAPOLATION USING PROTEIN
SEQUENCE HOMOLOGY TO PREDICT
SUSCEPTIBILITY OF NONTARGET ORGANISMS TO
CHEMICALS WITH KNOWN MODES OF ACTION.

C. LaLone1, D. Villeneuve1, L. Burgoon2, C. Russom1, J. Tietge1, J. Berninger1
and G. Ankley1. 1Mid-Continent Ecology Division, US EPA, Duluth, MN and
2National Center for Environmental Assessment, US EPA, Research Triangle Park,
NC.
Cross-species extrapolation has been a prominent challenge in predictive toxicology, both for human health and ecological risk assessment. A common thread that
can collectively link species to one another are their genomic and their proteomic
similarities or differences. Pharmaceuticals and pesticides are manufactured to act
on specific molecular targets to elicit their intended effect. Therefore, through the
evaluation of molecular target sequence homology, and the identification of conserved domains within those sequences, it is theoretically feasible to anticipate or
predict which non-target organisms may or may not be susceptible to adverse effects from chemicals that act on a given protein target. This presentation will describe an automated algorithm to assess protein sequence homology between
species as a means to predict sensitivity to chemicals with known modes of action.
Our methodology utilizes data and tools from the National Center for
Biotechnology Information database to provide a robust analysis of greater than
240,000 non-target species, with partial or full sequence information, and conduct
an in-depth characterization of the sequence alignment quality, incorporating
quantitative metrics such as bit score, E-value, and conserved domains. Three examples, predicting species susceptibility to ethinyl estradiol (human pharmaceutical), 17β-trenbolone (veterinary drug), and permethrin (pesticide) based on comparisons of protein sequence homology for the human estrogen receptor, the cow
androgen receptor, and selected insect voltage-gated sodium channels, respectively,
will be discussed. Predictions of sensitivity provided by the automated tool will be
contrasted with empirical toxicity data for non-target organisms. The contents of
this abstract neither constitute nor reflect official US EPA policy.
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ALTERED VITELLOGENIN GENE-REGULATION AND
REPRODUCTIVE IMPACTS IN KILLIFISH (FUNDULUS
HETEROCLITUS) FROM THE HEAVILY
CONTAMINATED NEWARK BAY, NJ.

S. M. Bugel1, 2, L. A. White2 and K. R. Cooper1, 2. 1Department of Environmental
Sciences, Rutgers University, New Brunswick, NJ and 2Department of Biochemistry
and Microbiology, Rutgers University, New Brunswick, NJ.
Work from our laboratory has shown that female killifish (Fundulus heteroclitus)
from the chemically impacted Newark Bay, NJ, exhibit signs of reproductive dysfunction, relative to a reference population (Tuckerton, NJ). Our current hypothesis was that the Newark Bay population exhibits a decreased sensitivity of the hepatic vitellogenin (VTG) pathway to 17β-estradiol (E2), which has resulted in
decreased vitellogenin expression and ultimately, decreased egg production. At the
peak of spawning, Newark Bay females expressed vitellogenin (mRNA and protein)
at lower levels than the Tuckerton reference population. A fecundity study conducted also demonstrated that Newark Bay females produced fewer mature eggs
(11 embryos/female), relative to Tuckerton (140 embryos/female) during spawning. Average embryo weight and yolk volume in eggs collected from the Newark
Bay population were also found to be decreased by 15% and 25%, respectively, indicating impaired yolk formation. Graded doses of E2 were injected into both
males and females collected from each site and Newark Bay killifish were demonstrated to have right-shifted dose-response curves for both vitellogenin mRNA and
protein induction by E2. For example, Newark Bay females had significantly lower
levels of VTG protein induction at concentrations of 0.01, 0.1, 1.0 and 100 ng
E2/g (11, 21, 39 and 75%% of Tuckerton response, respectively). In addition, circulating 17β–estradiol levels in Newark Bay females (0.26 ng/mL) were measured
to be 8–fold lower than Tuckerton females (2.25 ng/mL). Taken together, we conclude that the reduced fecundity in the Newark Bay population is the result of (1) a
refractive VTG pathway (decreased sensitivity) to physiologically relevant of E2,
and (2) a 17β–estradiol deficiency. These studies are the first to report a refractive
VTG pathway, which provides insight into how altered gene-regulation of reproductive genes can manifest population level effects.
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FURTHER ELUCIDATION OF THE MECHANISM OF
ACTION OF TRIBUTYLTIN (TBT)—AN ENDOCRINE
DISRUPTOR IN ZEBRAFISH.

C. L. McGinnis. Biological Sciences, Quinnipiac University, Hamden, CT.
Tributyltin (TBT), an antifouling agent, has been implicated in the masculinization
of fish species worldwide, but the masculinizing mechanism is not fully understood. We have examined the actions of TBT as an endocrine disruptor in zebrafish
(Danio rerio). Previously our lab has determined that TBT inhibits zfER specific
activity in a dose dependent manner, and has no effect on zfAR specific activity.
Additionally, we have determined that TBT may be acting through the RXR portion of the PPAR-RXR (peroxisome proliferator-activated receptor gamma retinoid X receptor alpha) heterodimer. Real-time PCR analysis of sexual differentiation markers in fish exposed to TBT in vivo revealed a tissue-specific response,
which has focused our experiments on the candidate gene SRY-box containing gene
9a (Sox9a). Sox9a is a key regulator in mammalian testis differentiation, where it is
shuttled to the nucleus upon differentiation. Developing zebrafish embryos were
exposed to 1pM and 2.5M TBT from 10 days post hatch (dph) to 60 dph and sampling was done at 25, 40 and 60 dph. Fish were treated three times per week with
treatment or vehicle. Immunohistochemical analysis of the fish revealed that Sox9a
is localized to the cytoplasm following treatment of TBT and that by 40 and 60dph
100% of the population was female.
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CHRONIC TOXIC EFFECTS OF DIETARY TCDD IN
ZEBRAFISH.

Q. Liu1, 2, M. L. Rise3, G. Goetz2, J. M. Spitsbergen4, R. Cariou5, 6, R. J.
Hutz1, P. J. Tonellato7, 8, 9 and M. J. Carvan2. 1Biological Sciences, University of
Wisconsin-Milwaukee, Milwaukee, WI, 2School of Freshwater Sciences, University of
Wisconsin-Milwaukee, Milwaukee, WI, 3Ocean Sciences Centre, Memorial
University of Newfoundland, St. John’s, NF, Canada, 4Microbiology, Oregon State
University, Corvallis, OR, 5ONIRIS, USC 2013 LABERCA, Nantes, France,
6Université Nantes Angers Le Mans, Nantes, France, 7Zilber School of Public Health,
University of Wisconsin-Milwaukee, Milwaukee, WI, 8Pathology, Beth Israel
Deaconess Medical Center, Boston, MA and 9Center for Biomedical Informatics,
Harvard Medical School, Boston, MA.
The goal of this project was to investigate the effects of chronic dietary TCDD exposure on global gene expression anchored to histopathologic analysis in zebrafish
by functional genomic, pathologic and analytic chemistry methods. Specifically,

three-month old zebrafish were fed Biodiet starter with TCDD added at 0, 0.1, 1,
10 and 100ppb for six weeks, and fish were sampled from each group at 1, 2, 4, and
6 weeks after initiating exposure. Although no significant mortality was found in
TCDD-treated groups, TCDD accumulated in a dose- and time-dependent manner, and the sex ratio between male and female was dramatically changed in 100
ppb TCDD-treated fish. TCDD caused multiple pathologic outcomes in liver, kidney, nose, intestine and ovary of zebrafish, such as depletion of glycogen in liver,
retrobulbar edema, degeneration of neurosensory epithelium, underdevelopment of
intestine, a diminution in the fraction of ovarian follicles containing vitellogenic
oocytes, etc. Toxicogenomic data analysis showed a number of genes were dysregulated in both TCDD-treated male and female zebrafish that function in lipid metabolism, post-translational modification, cell death, nervous system development,
xenobiotic metabolism signaling, endocrine system development. The linkage between gene expression profile and pathologies reveal the molecular mechanisms of
sublethal dietary TCDD exposures in zebrafish, and the dysregulated genes can be
potential biomarkers for TCDD exposure in aquatic environments. The results of
the study can be used to assess the potential impacts of environmental TCDD in
the food chain and on health of humans and animals.
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CHANGES IN GENE EXPRESSION IN PCB-EXPOSED
AND REFERENCE WILD RAINBOW TROUT.

J. M. LaVelle1, M. Powell2, T. Macbeth3 and T. Gendusa4. 1CDM, Green Valley,
AZ, 2Aquaculture Research Institute, University of Idaho, Hagerman, ID, 3CDM,
Helena, MT and 4CDM, Little Rock, AR.
An ongoing problem in risk assessment is the ability to associate toxicity to ecological receptors with contaminants in sediments. Laboratory studies suggest that
some common contaminants induce reproducible patterns of gene expression in
tissues, along with measurable toxicity, in exposed fish. If such patterns could be
recognized in wild populations, substantial information could be provided on what
chemicals are present in biologically important concentrations. As a first step, rainbow trout (Oncorhynchus mykiss) were collected from a site in Montana where a
single group of contaminants, PCBs, was present in sediments. Samples of liver and
other tissues from exposed and reference fish were processed at the Aquaculture
Research Institute of the University of Idaho. Gene expression in liver was assessed
using a microarray developed for rainbow trout at the University of Victoria.
Relative gene expression across the array was examined for sets of both down- and
up-regulated genes in exposed fish of both sexes. A variety of possible targets for
PCB effects was identified, which included genes associated with basal metabolism,
hormone regulation, RNA-binding proteins, metallothionein and immune response. Results suggest that PCB exposure could cause an array of changes in gene
expression that might ultimately be related to toxicity in the field. Additional studies will be necessary to determine whether some of the differences in gene expression could be related to differences in habitat, water quality or other factors between the study and reference areas that were not obvious in the field. Microarray
results from other tissues, such as gill, muscle, testes/ovaries and skin might provide
additional insight, and these assays are in process. However, it will likely prove necessary to perform a more controlled study in the laboratory to clearly identify PCBrelated changes in gene expression.

847

EFFECTS OF THE AQUATIC HERBICIDE ENDOTHALL
ON SURVIVAL OF SALMON AND STEELHEAD SMOLTS
DURING SEAWATER TRANSITION.

L. Courter1 and I. Courter2. 1Mount Hood Environmental, Portland, OR and
2Cramer Fish Sciences, Gresham, OR.
In the Pacific Northwest, salmon and steelhead protection and population recovery
efforts have led to careful consideration of potential effects of chemical exposure on
sensitive life-stages. In particular, delayed effects of herbicide exposure on anadromous species as they transition from freshwater to seawater has become a concern
previously overlooked by standardized toxicity testing for chemical labeling. For example, the widely used aquatic herbicide endothall has relatively low toxicity to
salmonids following initial exposure; however, it was unclear whether endothall exposure affects the survival of smolts (seagoing juveniles) during transition from
freshwater to seawater. Previous studies relied on small sample sizes and inappropriate life-stages, and generated contradicting results. To resolve uncertainty about endothall effects on anadromous salmonids, Coho (Oncorhynchus kisutch), Fall
Chinook (O. tshawytscha), and Steelhead (O. mykiss) were exposed to a ten day seawater challenge (30 ppt) following acute exposure to the herbicide Cascade, which
contains the acid equivalent of the dipotassium salt of endothall. Exposure concentrations ranged from 0 to 20 ppm endothall for 96 hours. The seawater challenge
yielded mean survival rates of 84%, 83%, and 57% for 0, 3-8, and 10-12 ppm exposure groups, respectively. Results did not differ significantly between species.
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Mean plasma sodium levels of surviving fish were the same for control and treatment groups, indicating that osmoregulatory processes were not impaired by endothall exposure. Results suggest that the threshold for effects of endothall
(dipotassium salt) exposure on smolts during seawater transition is likely >8 ppm
but <12 ppm–far less than the established LC50 of 230-450 ppm for salmonids in
freshwater. This finding emphasizes the importance of conducting seawater challenge experiments with species that migrate between freshwater and marine environments before defining chemical toxicity levels.
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USING 1H NUCLEAR MAGNETIC RESONANCE
SPECTROSCOPY TO COMPARE TOXICANT
RESPONSES IN MULTIBIOINDICATOR SUBJECTED TO
MINING AND OTHER INDUSTRIAL EFFLUENT.

O. T. Olubambi. Zoology, University of Johannesburg, Johannesburg, South Africa.
The Blesbokspruit wetland system is a former Ramsar site with serious deteriorating conditions. It continues to receive large volumes of effluent water discharge. 1H
Nuclear Magnetic Resonance Spectroscopy (1H NMR) is being applied for the first
time here to compare toxicant responses in multibioindicator. The use of
Metabolomics is also being linked to and compared with other previous biomarker
studies e.g Metallothioneins (MT) and Cytochrome P-450 (CYP). Field surveys
were conducted during both the low and high flow seasons of 2008 at 5 sites.
Muscle tissues of Resident catfish, Clarias gariepinus and tilapia, Tilapia sparrmanii
species caught were used for analyses. A transplantation study was conducted in
cages at 3 out of the 5 sites during the 2009 high flow with juveniles of laboratory
reared tilapia, Oreochromis mossambicus and Chironomids larvae. Whole samples
were used. Solvent extraction of metabolites was carried out using methanol, chloroform and water. 1H NMR spectra of each sample was measured at 300MHz on a
Varian Unity Inova NMR. The acquired spectra were processed and referenced internally to lactate at 1.3ppm. Metabolites profiling and identification was done
using the Chenomx NMR Suite version 4.6. Principle component analysis of the
1H NMR spectra showed significant differences between the fishes and
Chironomids with more responses found in Chironomids. Also differences in fishes
between species and seasons were noted (p<0.05). Responses were higher during
the high flow seasons in both cases. These patterns were also observed during previous biomarker studies. Metabolomics has been used to successfully compare and
confirm toxicant response in multibiomarkers. This strategy can be applied within
the recommended integrated management framework for this area as well as other
catchments.
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TOXICOKINETICS OF BROMINATED FLAME
RETARDANTS IN THE NORTHERN LEOPARD FROG.

W. H. Karasov and T. Cary. Zoology, University of Wisconsin-Madison, Madison,
WI. Sponsor: D. Volz.
Polybrominated diphenyl ethers (PBDEs), a class of flame retardants shown to exert
neurotoxicity and developmental toxicity, have become an increasing concern over
the past two decades as levels in the environment and biota have increased worldwide. Many congeners of PBDEs are classified as bioaccumulative toxins with the
ability to biomagnify through the food web. However, little is known about how
PBDEs accumulate and are metabolized in lower vertebrates. We exposed northern
leopard frog (Rana pipiens) tadpoles to a pentabromodiphenyl ether mixture
through their diet (0, 71.4, 634 DE-71 ng/g wet mass) for 50 days. At this time,
tadpoles in all treatments were fed control food (0 DE-71 ng/g). Elimination of
PBDEs was determined during the depuration period by collecting tadpoles on
days 8, 14, and 28 days for assessment of body tissue residue. Throughout the 28
day depuration period, tadpoles eliminated over 94% of the ΣPBDEs from their
tissues at a rate (t½ = 11 days) that can not be explained simply by growth dilution.
To further elucidate the toxicokinetics of PBDEs in frogs, we collected individuals
following larval exposure at the beginning and end of metamorphosis, and after ten
weeks of growth with no PBDE exposure. During metamorphosis, total body
residues per individual did not change, implying little to no elimination.
Throughout the ten week depuration period, froglets eliminated 89.7% of the
ΣPBDEs from their tissues at a rate (t½ = 21.5 days) that can not be explained completely by growth dilution. The slope of PBDE elimination in both tadpoles and juvenile frogs was independent of starting concentration and so elimination can be
described by first order kinetics. Toxicokinetics of PBDEs in R. pipiens is dependent
on developmental life stage as evidenced by the lack of PBDE metabolism during
metamorphosis and the difference in half lives of PBDE between tadpoles and
froglets. Due to this, developmental life stage, especially for species that undergo
metamorphosis, should be considered when determining toxicity of persistant organic pollutants.
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SUBLETHAL EFFECTS OF PESTICIDES ON
CIRCADIAN BEHAVIOR IN HONEY BEES.

L. A. Hooven. Horticulture, Oregon State University, Corvallis, OR.
Pesticides accumulate within honey bee hives and concentrate in beeswax, causing
bees to experience long term exposures to multiple agricultural chemicals.
Standardized toxicity testing methods are often limited to short exposures to foragers, with mortality as an endpoint, neglecting eusocial behavior within the hive.
The circadian clock coordinates 24 hour rhythms in social behaviors, detoxification, and immune function. Each caste and development stage of bees exhibits
unique daily behavioral profiles, and may be uniquely vulnerable to sublethal effects of a given pesticide, potentially impacting the entire superorganism. In particular, the development of circadian rhythms accompanies behavioral maturation of
nurse bees to foragers. Neurotoxins such as pesticides may disrupt circadian
rhythms, and are likely to desynchronize essential physiological and social systems
which are particularly important in coordinating a eusocial behavior. Using a video
based Noldus Ethovision behavioral tracking system, we are examining the behavioral responses of queens, drones, and adult bees after chronic exposures to various
pesticides singly and in the context of a relevant pesticide mixture. We have developed a method for exposing bees to a range of doses of individual chemicals in wax,
in order to calculate behavioral EC50s. Additionally, we are assessing changes in
gene expression and enzymatic activity associated with behavioral development,
detoxification, and immune responses following chronic exposures. The resulting
toxicity values can be used to assess relative risk of each compound to each bee
caste, and be used to mitigate the hazards of pesticides to pollinators.
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PHARMACOKINETICS-ENABLED REVERSE
DOSIMETRY IMPROVES THE ACCURACY OF
BISPHENOL A (BPA) EXPOSURE ASSESSMENT.

H. Shankaran2 and J. G. Teeguarden1. 1Biological Sciences, Pacific Northwest
National Laboratory, Richland, WA and 2Computational Biology and Bioinformatics,
Pacific Northwest National Laboratory, Richland, WA.
Bisphenol A (BPA) is now a controversial monomer used in the manufacture of
polycarbonate plastics and found in trace quantities in some consumer products
and food containers. Unconjugated BPA is a ligand of the estrogen receptor (s).
Exposure to BPA has been widely estimated by multiplying the concentration from
single urine spot samples by the estimated daily urine volume or creatinine elimination. This approach may be appropriate for chemicals that reach steady state, or
when samples sizes are very large, but for BPA, the episodic nature of dietary exposure and rapid absorption and elimination kinetics are not accounted for by the
spot sampling approach. In this project, we calibrated a human physiologically
based pharmacokinetic model (PBPK) to new BPA blood and urine pharmacokinetic data following dietary exposure obtained in a clinical setting. The resulting
model was exercised to estimate the oral exposure associated with spot samples from
a previously conducted human oral exposure study. The PBPK-based reverse
dosimetry approach can be used to calculate oral exposure to BPA with an accuracy
of greater than 95%. The approach was then applied to urine biomonitoring data
from several large representative studies to estimate distribution of human exposure
to BPA, which were consistent with those estimated from 24 hour urine collection
studies. Upper bound concentrations of the bioactive form of BPA in blood were
orders of magnitude below levels required for activation of estrogen receptors.
Combined with adequate data on meal times and urine sampling times, this new
approach for estimating human exposure to BPA offers a significant advancement
over conventional approaches.
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APPLICATION OF PHYSIOLOGICALLY-BASED
PHARMACOKINETIC MODELS FOR
OCTAMETHYLCYCLOTETRASILOXANE (D4) AND
DECAMETHYLCYCLOPENTASILOXANE (D5) IN
SIMULATING CONSUMER EXPOSURES.

Y. Yang1, H. Clewell1, M. Anderson1, T. McMullin2 and K. Plotzke2. 1The
Hamner Institutes for Health Sciences, Research Triangle Park, NC and 2Dow
Corning Corporation, Midland, MI.
The objective of this project was to utilize a harmonized physiologically-based
pharmacokinetic (PBPK) model for two siloxanes (D4 and D5) to translate expected consumer exposures to internal doses, such as those measured in biomonitoring studies. The 50th and 90th percentile of the daily exposure amounts of siloxanes in personal-care products (hair gel, face lotion, etc) for males and females aged
20-59 years were obtained from an existing probabilistic exposure assessment.
These data were the inputs into the human PBPK model of D4 and D5 to simulate

predicted steady-state blood concentrations of these compounds following dermal,
inhalation and aggregate (dermal + inhalation) exposure profiles. Modeling of these
exposure data gives us an insight of contributions of the route-specific exposure to
the internal dose. The results indicate that about 10% and 2% of the inhaled D4
and D5 dose (respectively) are available for systemic circulation in the inhalationonly scenario. The extensive evaporation of D4 and D5 from the skin surface following dermal application results in less than 1% of the dermally applied dose
available for systemic circulation. Our results indicate that although dermal exposure to siloxanes is approximately 50~1000-fold higher than inhalation exposure,
the steady-state blood concentrations of D4 or D5 due to dermal exposure is only
2~ 10-fold higher than that due to inhalation exposure, because dermally applied
D4 and D5 evaporate from the skin much more rapidly than they are absorbed. As
such, this source-to-biomarker simulation that uses PBPK modeling to characterize
route-specific exposures for cyclic siloxanes are critical in interpreting biomonitoring data from consumer populations. This project is supported by Silicones
Environmental, Health and Safety Council of North America.
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PROBABILISTIC RISK ASSESSMENT OF HUMAN
EXPOSURE TO IRON AND STEEL SLAG.

G. Brorby1, D. Proctor2, C. Perry3, L. Fitzgerald3 and A. Tachosvsky3.
1ToxStrategies, Inc., Vallejo, CA, 2ToxStrategies, Inc., Rancho Santa Margarita, CA
and 3ToxStrategies, Inc., Austin, TX.
A probabilistic risk assessment (PRA) was conducted to evaluate the potential for
adverse human health effects associated with environmental exposures to iron and
steel slags. These materials have a wide range of applications, but are used primarily
as construction aggregates. The concentration of 26 metals was characterized in 41
samples of three types of slag, for three size fractions each: 1) processed slag (PS, 01 inch), which is the primary commercial product, 2) PS samples screened to <300
μm, and 3) PS samples screened to <75 μm. The bioaccessible fraction for ingestion
exposure (Boral) was also measured for the <300 μm fraction. Chemicals of interest
(COIs) were identified through a two-tier screening process, considering four exposure scenarios: 1) slag on a residential driveway, 2) residence near a slag-covered
road, 3) construction worker building road base with slag, and 4) industrial/maintenance worker. Incidental ingestion and inhalation were quantitatively evaluated.
Following the screening steps, COIs were limited to CrVI, Mn, and V for residential scenarios only. COIs were found to be concentrated in larger particles, and not
readily soluble in gastric conditions. Distributions were developed for soil ingestion
rate; inhalation rate; exposure time, frequency and duration; Boral; BW and PEF.
The PRA-calculated risk-based concentrations (RBCs) for each COI and scenario
were calculated from distributions of risk/hazard generated using unit concentrations, corresponding to a specific risk (10-5) or hazard index (1) estimated at a specified point in the distribution. Only the 95% UCL concentrations of Mn in the
largest PS-sized samples exceeded the 90th percentile of the RBC distributions.
However, the 95% UCL concentrations of the more biologically relevant size fraction (<300 μm), which is more representative of the fraction that could be incidentally ingested, and the smallest size fraction (<75 μm), which is most representative
of the fraction that could be inhaled, were below the Mn RBCs.
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A TIERED APPROACH FOR AGGREGATE EXPOSURE
ASSESSMENT.

D. A. Sarigiannis1, 2, S. P. Karakitsios1, A. Gotti2, R. Torfs4, C. Cornelis4, M.
van Tongeren3, S. Spankie3 and K. De Brouwere4. 1Chemical Engineering, Aristotle
University of Thessaloniki, Thessaloniki, Greece, 2Chemical Process Engineering
Research Institute, Centre for Research and Technology Hellas, Thermi, Greece,
3Institute for Occupational Medicine, Riccarton, United Kingdom and 4VITO, Mol,
Belgium.
The study describes the tiered aggregate exposure assessment methodology followed
in the CEFIC-LRI TAGS project, regarding realistic estimation of exposure to substances from multiple sources and routes.
The overall TAGS method focuses on the development of guidance and criteria on
when an aggregate assessment is to be triggered, the identification of data
types/data gaps and quality required, the identification of exposure determinants
and modifiers, development of strategies so that the models used are verified and
the completion of a range of case studies. As a starting point we performed an extensive review of existing data, models and methodologies, aiming to compile a new
overall methodology, adding the necessary elements for an as much as possible realistic exposure assessment. The structured methodology is built upon a computational platform that links existing (e.g. EUSES, SHEDS) and additional in house
developed aggregate exposure models, to databases (e.g. Expofacts, EXPOLIS),
aiming to exposure assessment refinement and data assimilation.
Elevation from lower tiers to the higher ones is based on the Risk Characterization
Ratio (RCR) derived in each tier; if RCR is higher than one, a refinement of the assessment is required, imposing the use of more refined data (e.g. contamination

level distributions instead of worst case estimates), models (e.g. use of more detailed
environmental fate models), assimilation of complex data (e.g biomarkers data and
use of toxicokinetic models) as well as Biomonitoring Equivalents for RCR calculation.
The uncertainties embodied in the several stages of the integrated assessment are
minimized through Bayesian hierarchical modeling. The applicability of the overall
methodology is tested in three distinguished case studies, dealing with classical
(benzene) and emerging pollutants (PBDE and BPA).
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COMPARATIVE CHEMICAL RISK ASSESSMENT USING
BIOMONITORING DATA FROM NHANES:
APPLICATION OF BIOMONITORING EQUIVALENTS.

L. L. Aylward, S. M. Hays and C. R. Kirman. Summit Toxicology, LLP, Falls
Church, VA.
Biomonitoring data from the National Health and Nutrition Examination Survey
(NHANES) and other large, cross-sectional studies provide powerful data on the
levels of chemicals in blood and urine in persons in the general population. These
data cannot be interpreted directly in the context of chemical risk assessments that
are based on external exposure levels rather than biomarker concentrations.
Biomonitoring Equivalents (BEs) are translations of existing risk assessment guidance values such as reference doses or tolerable daily intakes into corresponding
steady-state biomarker concentrations, and have now been derived for more than
80 chemicals. BE values were used to examine data from the NHANES program
using a hazard quotient (HQ; ratio of biomarker concentration to BE value) approach to provide a risk assessment-based interpretation of the relative levels of detected chemicals in the general population. More than 50 chemicals in the
NHANES program with detected blood or urinary concentrations in a proportion
of the population can be assessed using available BE values. Median population
blood concentrations for chemicals in this group range over nearly four orders of
magnitude, while urinary analyte concentrations ranged over nearly three orders of
magnitude. However, chemicals with the highest absolute concentrations did not
necessarily have the highest HQ values. HQ values did not exceed 1 at the median
population biomarker concentration for any analyte. For more than 20 chemicals
with derived BE values but non-detectable analyte concentrations in NHANES,
the detection limits were nearly always sufficiently sensitive to demonstrate that
population exposures remain below current risk assessment-based exposure guidance values. Application of BE values to the screening-level assessment of the
NHANES datasets allows comparison of the evaluated chemicals on a risk assessment basis, increasing the utility of the NHANES data for prioritization of research
and risk management activities.
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AN IN VITRO BIOACCESSIBILITY TEST METHOD FOR
THE ESTIMATION OF BIOAVAILABILITY OF ARSENIC
FROM SOIL.

W. Brattin1, J. Drexler2, Y. Lowney3, S. Griffin4 and G. Diamond1. 1SRC, Inc.,
Denver, CO, 2University of Colorado, Boulder, CO, 3Exponent, Boulder, CO and
4USEPA Region 8, Denver, CO.
Accurate assessment of human health risks from incidental ingestion of soil containing arsenic (As) requires knowledge of the relative oral bioavailability (RBA) of
As in those soils. RBA can be measured in vivo using animal models, but the cost of
in vivo bioavailability tests limits widespread application of this approach for most
site investigations. A faster, more economical, yet dependable in vitro method for
predicting RBA is highly desirable. One in vitro approach involves measuring the
fraction of As that is released from soil into solution under specified extraction conditions. This solubilization fraction is referred to as in vitro bioaccessibility (IVBA).
If a strong correlation between RBA and IVBA can be established, then the IVBA
method offers a more rapid and less costly alternative to in vivo studies. This study
sought to optimize an IVBA method to estimate As RBA in soil for use in human
health risk assessments. In Phase 1 we reviewed and summarized the available in
vivo RBA data from juvenile swine/ monkey studies, and identified 39 candidate
test materials for IVBA testing. Phase II investigated the effect of a wide range of experimental variables in the IVBA protocol, and identified three key variables (pH,
phosphate, and hydroxylamine hydrochloride concentration). Phase III evaluated
various combinations of these key variables in a Latin square design using a selected
set of text substrates to identify up to three alternative combinations providing the
best IVBA-RBA predictive relationship. Phase IV tested the three most promising
extraction conditions on the entire list of test materials. For juvenile swine the best
fit model (R2=0.72) is obtained using IVBA measurements at pH 1.5. For monkeys the best fit model (R2=0.75) is obtained using IVBA measurements at pH 7
with phosphate and hydroxylamine. The predictive relationship improves when As
mineralogy is included with the IVBA data (R2=0.90 and 0.82 for swine and monkey, respectively).
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BIOAVAILABILITY OF POLYCYCLIC AROMATIC
HYDROCARBONS AFTER REPEATED EXPOSURE AND
FROM DIFFERENT SOIL CONCENTRATIONS USING
THE JUVENILE SWINE MODEL.

R. E. Peters1, S. D. Siciliano1, 2 and M. Wickstrom2. 1Soil Science, University of
Saskatchewan, Saskatoon, SK, Canada and 2Toxicology Centre, University of
Saskatchewan, Saskatoon, SK, Canada. Sponsor: L. Weber.
Polycyclic aromatic hydrocarbons (PAHs) are widely distributed in the environment, and as such, are contaminants of concern when completing human risk assessments. In risk assessment, internal dose of a compound is calculated by multiplying external exposure by an absorption factor. Absorption factors are typically
garnered from research done with a single dose. In the case of compounds like
PAHs, which cause the induction of enzymes, bioavailability may change after repeated exposure to the compounds. In this study, juvenile swine were orally dosed
with a mixture of PAHs in one of four media for 14 days and blood time courses
were completed on day 1 and day 7 of dosing. These time courses were used to calculate area under the curve and from this bioavailability was determined. Different
media were incorporated in order to determine if there was different variability observed between media. The media included food, corn oil, artificial soil and historically contaminated soil. Blood samples were also collected on day 14 to determine
the formation of micronuclei. A second study was conducted to determine the influence of PAH concentration on bioavailability of PAHs. Bioavailability of compounds in soil are thought to be influenced by soil organic matter content, but this
may not be the only factor affecting absorption. In this study, swine were orally
dosed with varying concentrations of PAHs spiked into artificial soil. Blood time
courses were obtained from these swine and bioavailability was calculated.
Preliminary results indicate that bioavailability of PAHs appears to be unaffected by
repeat exposure. Also, micronuclei levels do not appear to be changed after repeat
exposure. Bioavailability of PAHs does not appear to change as a result of different
soil concentrations.
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APPLICATION OF NHANES DATA TO EVALUATE
CHLOROFORM EXPOSURE VIA THREE EXPOSURE
ROUTES USING PHYSIOLOGICALLY-BASED
PHARMACOKINETIC (PBPK) MODELING.

R. R. Worley1, D. Fowler1, C. Welsh1, J. Wheeler1 and J. Fisher2. 1Agency for
Toxic Substances and Disease Registry, Atlanta, GA and 2US FDA, Little Rock, AR.
Past studies have used PBPK models to evaluate exposures to CHCl3 in potable
water with an interest in exposure to the fetus. These studies suggest most CHCl3
exposure occurs via the inhalation route. Thus, mitigation efforts related to inhalation would provide a significant exposure reduction for the fetus. CHCl3 is rapidly
metabolized and blood CHCl3 concentrations reflect exposures occurring in the
hours preceding blood collection. We used a PBPK model for CHCl3 to simulate a
range of exposure scenarios that could result in blood CHCl3 levels detected in the
general population (National Health and Nutrition Examination Survey
(NHANES)). We modeled inhalation and dermal exposures during a 10-minute
shower, and ingestion of 0.25 L of water. We evaluated CHCl3 water concentrations at the high and low end of a normal range for CHCl3 in U.S. drinking water
(2-44 ppb), at the EPA’s Maximum Contaminant Level (80 ppb), and at levels detected at a contaminated site (400 ppb). We compared the predicted blood CHCl3
concentrations for each exposure concentration to the geometric mean for CHCl3
blood concentrations detected in two NHANES surveys. At 2 – 400 ppb CHCl3 in
water, we predict blood samples collected 0.01 – 5.60 hours after exposures ceased
would approximate NHANES measured blood levels. Further, we found that the
range of mean chloroform blood concentrations measured in the NHANES results
could be achieved by exposure to a range of 1.92 – 116 ppb chloroform water concentrations, assuming NHANES samples were collected between 1 and 3 hours following exposure. Epidemiological studies suggest an association between adverse
birth outcomes and exposures to chlorinated drinking water with total trihalomethane concentrations less than 100 ppb. Given that fetal exposure to
CHCl3 has been associated with adverse birth outcomes, our data suggest that future studies of CHCl3 exposure are needed to assess adverse health impacts on the
fetus.
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RAPID EXPOSURE-BASED PRIORITIZATION OF
ENVIRONMENTAL CHEMICALS USING USETOX.

O. Jolliet1, D. Li1 and T. E. McKone2. 1Environmental Health Science, University
of Michigan, Ann Arbor, MI and 2School of Public Health, University of California
Berkeley, Berkeley, CA. Sponsor: C. Emond (to be confirmed).
The USEtox model is a multimedia environmental model designed for characterization of human and ecotoxicological impacts in both Life Cycle Impact
Assessment (LCIA) and Comparative Risk Assessment (CRA). It now roughly in-
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cludes 3000 chemicals. USEtox was recently used in a model challenge set up by
US-EPA to explore tools sorting chemicals by exposure potential. The exposure
metric intake fraction was determined for 48 out of 52 priority chemicals. Here
Impact per kg emitted are combined with reference emissions taken from the national emission inventory, to calculate overall US impact for a subset of 21 substances.
Intake fraction: For emissions to air, the urban intake fraction by
inhalation(iFinhurban≈10-4) is typically at least a factor 10 higher than the rural intake
fraction (iFinhrural between 10-5 to 10-7 for most chemicals); thus the importance to
differentiate emissions in highly populated areas. The highest far field itake fractions are observed for ingestion of substances that bioconcentrate in the food chain.
Near field indoor air intake fractions are high (10-2 to 10-4), typically two orders of
magnitude higher for an emission to household than to an outdoor urban area, due
to lowest volume of dilution and high population densities indoors. Direct consumer-to-product intake fraction can be as high as 10-1 depending on chemical
properties.
Impact per kg emitted ranges over 8 orders of magnitude (a factor of 100 million),
showing the importance to not only rank chemicals but obtain quantitative exposure metrics that can be combined in a quantitative way with toxic effect data and
emission data.
The overall US impact combines the total US-emissions with toxic effect showing
large variation across chemical (9 to 12 orders of magnitude).
Several improvements are under way in USEtox to include direct product user exposure, and to extend the model from intake to internal dose using toxicokinetic
modeling in order to combine exposure with High Throughput Screening Toxicity
Tests.
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NAPHTHALENE-INDUCED NASAL NONPROTEIN
SULFHYDRYL DEPLETION IN ADULT AND JUVENILE
RATS.

J. A. Cichocki1, L. S. Van Winkle2 and J. B. Morris1. 1Toxicology Program,
University of Connecticut, Storrs, CT and 2Veterinary Medicine, University of
Califonia Davis, Davis, CA.
At concentrations of 10 ppm or greater naphthalene (NA) is a nasal carcinogen in
the F344 rat inducing respiratory adenomas and olfactory neuroblastomas. The initial steps in the carcinogenic mode of action are thought to include metabolic activation via CYP450 to an electrophile with subsequent glutathione depletion that is
followed by escape of electrophile, which may lead to covalent interactions with
macromolecules and/or oxidative stress. Little data exists on the concentration-response relationships for sulfhydryl depletion or on the developmental onset of nasal
NA activation capacity. In the current experiments adult or postnatal day 14 or 21
(PD 14, PD 21) rats were exposed 4-6 hours to 1, 3, 10 or 30 ppm NA vapor. Nasal
septal respiratory and olfactory mucosa were collected immediately post exposure
by microdissection and analyzed either for nonprotein sulfhydryl (NPSH) content
(colorimetrically) or reduced/oxidized glutathione (GSH/GSSG) content (hplc
with electrochemical detection). In adult rats, NPSH levels were significantly depleted by NA with respiratory and olfactory mucosal levels averaging 40 and 60%
of control after exposure to 1 ppm NA. Greater degrees of depletion were not observed at 3, 10 or 30 ppm. Similar responses were seen with nasal GSH; GSSG levels were not increased. Nasal GSH levels in PD14 and PD21 rats averaged less than
½ of that in adults and also seemed to be more susceptible to NA-induced depletion, with respiratory and olfactory GSH levels averaging 25 and 14% of control
levels in young rats, respectively. GSSG levels were increased in PD14 but not
PD21 rats exposed to 30 ppm NA, suggesting that antioxidant defenses are not
fully developed at PD14. In summary, depletion of NPSH/GSH is a consequence
of NA exposure in the nose of adult, PD21, and PD14 rats, which suggests that
nasal metabolic activating capacity is functional by PD14. Only at PD 14 were
GSSG levels increased by NA suggesting that oxidative stress occurs only in very
early developmental stages.
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A SINGLE INHALATION EXPOSURE TO ACROLEIN
DESENSITIZES BAROREFLEX RESPONSIVENESS IN
WISTAR-KYOTO AND SPONTANEOUSLY
HYPERTENSIVE RATS.

M. S. Hazari1, K. Butler2, D. Winsett1, D. L. Costa1 and A. K. Farraj1.
1Environmental Public Health Division, US EPA, Research Triangle Park, NC and
2University of North Carolina at Chapel Hill, Chapel Hill, NC.
Arterial baroreflex is one of the body’s homeostatic mechanisms that regulate blood
pressure (BP) by changing heart rate (HR) and vasoconstriction. Increases in BP reflexively cause HR to decrease, whereas decreases in BP depress the baroreflex and
cause HR to rise. As such, baroreflex sensitivity (BRS) is often used as a predictor of
impaired autonomic control and cardiovascular disease, and has been found to be

reduced in various cardiovascular conditions such as chronic heart failure, post-infarction and hypertension. Given air pollution can alter autonomic balance, we hypothesized that exposure to air pollutants would also alter BRS and increase the risk
of adverse cardiovascular events. Conscious unrestrained Wistar-Kyoto (WKY) and
spontaneously hypertensive (SH) rats implanted with an intravenous catheter and
radiotelemeters were administered increasing doses of phenylephrine (PE-vasoconstrictor) and then sodium nitroprusside (SNP-vasodilator) while HR response, BP,
and electrocardiogram (ECG) were continuously measured. This BRS test was
done one day before and one day after exposure to either air or 3ppm acrolein
(3hrs). Before exposure, PE caused a dose-dependent increase in BP, which resulted
in decreasing HR in WKY rats; SNP caused a dose-dependent decrease in BP and
resulting HR increases. SH rats had a similar BRS response; however, the reflexive
changes in HR due to BP increase/decrease were attenuated at the higher doses.
Twenty-four hours after acrolein, BRS was decreased in WKY rats and further
blunted in SH rats. SH rats had significantly more arrhythmias than WKY rats during and after exposure to acrolein. Although SH rats had higher baseline BP, there
were no other ECG differences between strains. In conclusion, a single exposure to
a toxic air pollutant alters the body’s ability to reflexively regulate cardiovascular
function and predisposes to adverse cardiac events. (This abstract does not reflect
EPA policy)
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TOXICITY OF DAY/NIGHT URBAN SAN JOAQUIN
VALLEY, CALIFORNIA PARTICULATE MATTER IS SIZE
AND SEASON DEPENDENT.

L. E. Plummer, C. M. Carosino, K. J. Bein, Y. Zhao, A. S. Wexler and K. E.
Pinkerton. Air Quality Research Center, University of California Davis, Davis, CA.
CHARACTERIZATION OF SOY BIODIESEL EXHAUST
AND TOXICOLOGICAL EFFECTS IN MICE.
Krantz1,

King1,

Nash2, 1,

Preston3,

M. I.
Q. T.
C.
D. G.
W.
W. P.
Linak1, E. H. Boykin1, M. J. Daniels1, D. L. Andrews1, J. H. Richards1 and S.
H. Gavett1. 1US EPA, Research Triangle Park, NC, 2ORISE, Department of Energy,
Research Triangle Park, NC and 3Arcadis, Research Triangle Park, NC.
Although biofuel use across the world is increasing, very little is known about possible health effects resulting from biofuel exhaust (BE) from this relatively new
source of transportation fuel. The U.S. EPA has instigated an in vivo screening approach in rodents to examine whether BE can induce lung and cardiopulmonary
responses in healthy and compromised animal models. In our combustion facility,
biofuel exhaust is generated by a 0.32 L Yanmar engine driving a 3.8 kW Pramac
generator with a constant load of 3 kW. Initial studies tested soy-based biodiesel, either 100% (S100) or a 20% mix with conventional petrodiesel (S20). Organic solvent extracts of S100 fuel were composed of about 70% methyl esters (e.g.
linoleate, oleate) and 15% organic acids (e.g. hexadecanoic). Exhaust from combustion of S100 or S20 was diluted to target concentrations of 0, 50, 150, or 500
μg/m3 as determined by TEOM. Average CO, NO (ppm) at the 500 μg/m3 level
were 12.3, 18.7 (S100) and 13.9, 13.2 (S20), respectively, while SO2 and NO2 were
not above instrument background (<1 ppm). Female Balb/cJ mice (8/group) were
exposed whole body to these emissions 4 hr/d, for 1 d, 5 d, or 4 wk (5 d/wk), and
necropsied 2 or 24 hr after each of these exposures. Lung inflammation was minimal as neutrophils in BAL fluid were <3% with both S20 and S100 at all concentrations and time points. However, significantly fewer BAL macrophages (62% of
control) were found 2 hr after 5 d exposure to 500 μg/m3 S20. At the same time
point, MIP-2α levels in BAL fluid were significantly higher in mice exposed to 500
μg/m3 S100 (mean ± SE: 52 ± 5 vs. 12 ± 6 pg/ml at 0 level). No significant changes
in BAL protein, LDH, albumin, or NAG were found. Future studies comparing
these effects of soy BE with those generated by exposure to exhaust from other
biodiesel preparations or pure petrodiesel will enable a thorough understanding of
the toxicology of BE. (This abstract does not represent U.S. EPA policy.)
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pressures were collected by radiotelemetry every 5 minutes during exposures. FAexposed rats fed a HFD had elevated systolic and mean arterial pressures compared
to ND rats (10 and 9% greater, respectively). HR was not different between FA-exposed ND and HFD rats. Coexposure to O3/CAPs caused hypotension regardless
of diet. O3/CAPs-induced decreases in systolic and mean pressures (decreases of 2
and 3%, respectively) were modest in ND rats compared to HFD rats (6 and 5%).
O3/CAPs also induced marked bradycardia in both ND and HD rats. Decreases in
HR were greater in HFD (7%) compared to ND-fed rats (3%). Furthermore,
SDNN was increased in HFD, but not in ND rats exposed to O3/CAPs. Observed
hypotensive and bradycardic responses to O3/CAPs are consistent with a nasal irritant-induced trigeminocardiac reflex. Mechanisms underlying HFD modification
of these cardiovascular changes are yet to be determined. Funded by US EPA
RD83479701.

There is strong evidence for an association between exposure to ambient particulate
matter (PM) and adverse cardiopulmonary health effects both nationally and in the
highly impacted San Joaquin Valley (SJV) of California. However, the physical and
chemical characteristics of PM and the mechanisms responsible for increased morbidity and mortality remains unclear. Diurnal and temporal variability in PM
sources and atmospheric processes may influence PM composition and therefore
toxicity. We hypothesized that seasonal and diurnal differences in source contributions and photochemical activity would influence the cardiopulmonary toxicity of
SJV ultrafine (UF, mean mass aerodynamic diameter (MMAD) < 170nm) and submicron fine (SMF, MMAD < 1μm) PM. Acute cardiopulmonary inflammatory responses were measured in the lungs and blood of healthy male Balb/C mice following oropharyngeal aspiration of 50 μg of summer/winter, UF/SMF, and day/night
PM in 50 μl Hank’s balanced salt solution (HBSS) or HBSS alone. Results indicate
that PM toxicity was significantly dependent on particle size and season and was
not influenced by diurnal trends. In general, UF PM elicited significantly more
pulmonary inflammation compared to SMF PM regardless of season or time of day.
PM size-dependent toxicity demonstrated a more pronounced difference between
winter UF and SMF PM compared to summer UF and SMF PM. In contrast, circulating neutrophils in peripheral blood were higher in mice exposed to summer
but not winter day UF compared to SMF PM. These findings suggest that particle
chemical composition strongly influences PM toxicity, possibly due to seasonal PM
sources prevalent in winter compared to summer rather than diurnal impacts.
Understanding seasonal impacts on PM-induced adverse respiratory and systemic
health effects can lead to more effective targeting of sources for improved control of
PM pollution within the SJV and protection of public health.
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AIRWAY SENSORY IRRITATION STUDY OF BORIC
ACID AND SODIUM TETRABORATE PENTAHYDRATE
IN MICE.

W. Ball1, D. Kirkpatrick2 and J. Weinberg2. 1Rio Tinto Minerals, Greenwood
Village, CO and 2WIL Research Laboratories, Ashland, OH.
HYPOTENSIVE AND BRADYCARDIC RESPONSES TO
INHALED O3 AND AMBIENT FINE PARTICLES ARE
ENHANCED IN RATS ON A HIGH-FRUCTOSE DIET.

J. G. Wagner1, 2, A. S. Kamal3, K. Allen1, 2, M. Morishita4, J. T. Dvonch4, R.
Lewandowski1, 2, G. Fink5, 2 and J. R. Harkema1, 2. 1Pathobiology, Michigan State
University, East Lansing, MI, 2US EPA Great Lakes Air Center for Integrative
Research, East Lansing, MI, 3US EPA, Research Triangle Park, NC, 4School Public
Health, University of Michigan, Ann Arbor, MI and 5Pharmacology and Toxicology,
Michigan State University, East Lansing, MI.
People with diet-induced cardiometabolic disorders (diabetes, hypertension) may
be more susceptible to the adverse cardiovascular effects of air pollution. The present study was designed to determine if a high-fructose diet affects cardiovascular responses to inhaled air pollutants. We used a mobile air research laboratory located
in an industrial area of Dearborn, MI, to expose male Sprague Dawley rats, to filtered air (FA), or the combination of ozone (O3; 0.5 ppm) and concentrated ambient fine particles (CAPs; 400 μg/m3). Rats were fed a normal (ND) or high-fructose diet (HFD) for 8 weeks prior to exposure and during exposure. Inhalation
exposures were 8h/day for 9 days (4-5 days/week). Heart rate (HR), heart rate variability (standard deviation; SDNN), and diastolic, systolic and mean arterial blood

The objective of this study was to evaluate the potential for boric acid (BA) and
sodium tetraborate pentahydrate (SB) to produce respiratory rate depression resulting from airway sensory irritation when administered to male Swiss-Webster mice
by head-only inhalation exposure. The respiratory depression of BA, SB, and calcium oxide (CaO) was evaluated in a 30-minute exposure study in mice (ASTM
E981-04). BA was administered to 12 groups (6 exposure levels) of 4 male mice via
head-only inhalation exposure as a dust aerosol at concentrations ranging from 221
to 1174 mg/m3 (maximum achievable concentration). SB was administered to 8
groups (6 exposure levels) at concentrations ranging from 186 to 1704 mg/m3
(maximum achievable concentration). CaO was administered to 5 groups (4 exposure levels) at concentrations ranging from 3.5 to 30 mg/m3. Exposure to a mean
BA concentration of 1096 mg/m3 resulted in a 19% reduction in respiratory rate
(RR), graded as slight irritation. A 9% reduction in RR was recorded at a concentration of 221 mg/m3, graded as no irritation. A maximum SB exposure concentration of 1704 mg/m3 resulted in a 33% reduction in RR, graded as moderate irritation. The lowest concentration of 186 mg/m3 resulted in a RR reduction of 11%,
graded as no irritation. It was not possible to produce a 50% respiratory depression
at the concentrations of BA and SB that were achievable. The response to CaO
aerosol in mice appeared to represent pulmonary irritation rather than upper airway
sensory irritation. The standard method for the mouse sensory irritation test has
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primarily been used for vapor and liquid aerosol atmospheres. Use of this model to
assess upper airway irritancy of dry powder aerosols required special technical considerations limiting the use of this model with dry powder aerosols. The RD50 for
BA is >1096 mg/m3, and for SB is >1704 mg/m3. Based on the results of this
study, BA and SB have low potency as airway sensory irritants. These data support
that an 8-hr TWA exposure limit for inhalable dust for BA and SB could be set at
10 mg/m3.
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BRONCHIAL FIBROSIS IN RATS EXPOSED TO 2, 3BUTANEDIONE AND 2, 3-PENTANEDIONE VAPORS.

D. L. Morgan1, M. P. Jokinen2, C. L. Johnson3, W. M. Gwinn1, H. C. Price4
and G. P. Flake1. 1NIEHS/NTP, Research Triangle Park, NC, 2Integrated Laboratory
Systems, Research Triangle Park, NC, 3Charles River Laboratories, Research Triangle
Park, NC and 4Alion Science and Technology, Research Triangle Park, NC.
2,3-Butanedione (diacetyl, DA) is a volatile component of artificial butter flavoring
that has been associated with bronchiolitis obliterans (BO) in microwave popcorn
packaging and flavoring industry workers. BO is a potentially fatal lung disease
characterized by bronchial wall thickening and constrictive bronchiolitis. Because
of concerns about the toxicity of inhaled DA, it has been replaced by 2,3-pentanedione (PD) in some artificial flavorings. We recently reported that PD exposure at
200 ppm for 2 wk causes BO-like lesions in rats. Airway fibrosis has not been observed in earlier studies using various DA inhalation exposure regimens. The objectives of this study were to determine if DA causes airway fibrosis after repeated exposure to 200 ppm, and to compare the respiratory toxicity of DA and PD using
the same exposure regimen. Male Wistar-Han rats were exposed to 0, 100, 150, or
200 ppm DA or PD, 6 h/d, 5 d/wk for 12 exposures (2 wk). The lungs were harvested for histopathology from ½ the animals 1 day after the 2-wk exposure (d17).
The remaining rats were held an additional 2 wk without exposure (d31) before
harvesting lungs. Prior to sacrifice, pulmonary function was measured invasively in
rats exposed to 150 ppm DA and PD. Intraluminal and intramural bronchial fibrosis were observed at d17 in 3/5 DA and 5/5 PD rats at 200 ppm, and in 1/6 DA
and 3/6 PD rats at 150 ppm. Bronchial fibrosis also was observed at d31 in 5/5 DA
and 3/3 PD rats at 200 ppm, and in 1/9 PD rats at 150 ppm. Lesions observed in
the nose and larynx of DA and PD exposed rats were similar but tracheal fibrosis
was noted in some rats exposed to DA. Nonsignificant increases in airway resistance
(R) and decreases in compliance (C) were observed at d17 in DA and PD rats, and
these changes were statistically significant at d31 in DA rats. These results demonstrate that repeated exposure to >150 ppm DA or PD causes airway fibrosis and decreased pulmonary function in rats.
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OXIDATIVE STRESS AND TOXICITY IN
MACROPHAGES AFTER WILDFIRE PARTICULATE
MATTER INSTILLATION IN THE MOUSE LUNG.

K. Williams, L. Franzi and J. Last. University of California Davis, Davis, CA.
Epidemiological studies have shown increased hospitalizations associated with pulmonary toxicity upon exposure to particulate matter (PM) from wildfire smoke.
Macrophages are one of the lung’s primary protective cell populations, and it is important to know if wildfire PM induces oxidative stress and toxicity in this cell type.
Our research group has shown that intratracheal instillation of coarse wildfire PM
(PM10) decreases the number of lavagable macrophages from the mouse lung as
compared to control groups. Furthermore, our in vitro studies using the RAW
264.7 macrophage cell line have shown increased cell death from 30 minutes to 24
hours after wildfire PM10 administration as compared to time-matched controls.
The studies described here were designed to expand upon these previous findings
and test the hypothesis that exposure to wildfire PM10 induces oxidative stress and
cell death in the pulmonary macrophage population of the mouse lung. To this
end, adult male, BALB/C mice were intratracheally instilled with PM10 suspended
in phosphate-buffered saline (PBS) or PBS alone. Bronchoalveolar lavage fluid
(BALF) and lung tissue were collected one hour after PM10 instillation. The
macrophage population was quantified in BALF and lung tissue sections. Oxidative
stress was evaluated using HPLC analysis of the BALF-derived cell pellet for reduced glutathione, and cytotoxicity was evaluated using the Trypan blue exclusion
method, as well as analysis of TUNEL staining for apoptosis. There was a decrease
in macrophages in the BALF of mice instilled with wildfire PM10 as compared to
control mice. There was also a decrease in reduced glutathione in macrophages
from mice instilled with wildfire PM10. No significant difference in cytotoxicity
was found between treatments. In conclusion, oxidative stress in macrophages occurs one hour after wildfire PM10 exposure in the mouse lung, and this may give
insight to wildfire PM-derived pulmonary toxicity that is seen in people.
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SELECTION OF AN ACUTE MODEL OF ALLERGIC
AIRWAY INFLAMMATION FOR DIFFERENTIAL
TESTING OF SOURCE-ORIENTED PARTICLES.

C. Carosino, L. E. Plummer, K. J. Bein, Y. Zhao, A. S. Wexler and K. E.
Pinkerton. Air Quality Research Center, University of California Davis, Davis, CA.
Epidemiological data suggests correlations between particulate matter (PM) exposure and increased asthma symptoms and hospitalizations. The San Joaquin Valley
(SJV) of California has some of the highest PM pollution in the country and
asthma symptom prevalence is among the highest in the state. We sought to evaluate which model of allergic airway inflammation (AAI) will maximize our ability to
detect differential particle toxicity collected via a novel source-oriented PM sampling approach in the SJV. BALB/c mice 8-10 weeks old were exposed via intranasal
aspiration (IN) on days 1, 3 and 5 to a) saline, b) a select source-oriented particle
(SOTox), or c) diffusion flame generated particles (DFP) as a positive control each
in combination with ovalbumin (OVA), endotoxin purified OVA (P-OVA) or endotoxin purified D. Farinae house dust mite allergen (HDM). Animals were challenged on day 11, 12, and 13 with allergen alone. On day 14, the animals were sacrificed and tissues collected for analysis. Bronchoalveolar lavage exhibited cellular
profiles indicative of an allergic response in all allergen models with elevations in
leukocytes characterized by neutrophils, lymphocytes and eosinophils. HDM sensitized animals had significantly stronger inflammatory responses than the P-OVA
and OVA models. Mice sensitized with OVA had on average 2-fold greater neutrophils than observed in mice sensitized with P-OVA, with neutrophils still present
in all groups. Eosinophils and lymphocytes in HDM sensitized mice were 10- and
2-fold higher respectively than witnessed in OVA/P-OVA animals. These results
suggest while purifying OVA reduced the neutrophil component, neutrophil inflammation is not due solely to endotoxin and is present in multiple models of allergic airway inflammation. While the use of P- OVA yielded increased sensitivity
for detecting inflammatory differences as compared to OVA, our results indicate
that HDM is a more sensitive allergen for testing PM in acute models of allergic
airway inflammation.
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AN INTELLIGENT REPRODUCTIVE AND
DEVELOPMENTAL TESTING PARADIGM FOR THE
21ST CENTURY.

D. J. Dix and T. B. Knudsen. US EPA, Research Triangle Park, NC.
Addressing the chemical evaluation bottleneck that currently exists can only be
achieved through progressive changes to the current testing paradigm. The primary
resources for addressing these issues lie in computational toxicology, a field enriched by recent advances in computer science, bio- and chem-informatics, molecular biology, and high-throughput screening (HTS). In vivo testing is resource intensive, particularly for multigenerational reproductive and prenatal developmental
assessment. Furthermore, predicting adverse effects of chemicals for reproductive
and developmental outcomes has been confounded by the lack of quantitative
models that address the complex molecular and physiological factors underlying reproductive decrements and developmental malformations, and the life-stage and
generational sensitivities involved. There is currently a strong focus on identifying
endocrine-disrupting chemicals through a battery of in vitro and in vivo screening
tests. However, the shared complexities and challenges of modeling reproductive,
endocrine, and developmental toxicity, and the parallel need for higher throughput
evaluation, creates the need for an integrated application of predictive models for
chemical prioritization and targeted testing. Ultimately, predictive models of reproductive, endocrine, and developmental toxicity will provide a critical component in
the computational toxicology toolbox that better informs regulatory testing decisions.
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VALIDATION, ACCEPTANCE, AND EXTENSION OF A
PREDICTIVE MODEL OF REPRODUCTIVE TOXICITY
USING TOXCAST DATA.

M. T. Martin. US EPA, Research Triangle Park, NC.
The EPA ToxCast research program uses a high-throughput screening (HTS) approach for predicting the toxicity of large numbers of chemicals. Phase-I tested 309
well-characterized chemicals (mostly pesticides) in over 500 assays of different molecular targets, cellular responses and cell-states and Phase-II is testing another
roughly 700 chemicals. Using ToxCast Phase-I data, a predictive model of reproductive toxicity was generated capable of externally predicting rodent reproductive
toxicity, as observed in multigeneration toxicity tests, with over 75% accuracy. New
ToxCast Phase-II chemicals and assays are being used to further validate the model,
identify strengths and weaknesses, and, where appropriate, update the model with
additional assays covering existing molecular targets in the model or new targets as-

sociated with reproductive toxicity. The current model is a classification model sufficient for large-scale chemical testing prioritization and begins to infer modes of
action, e.g., estrogenicity, anti-androgenicity, or altering steroid metabolism. The
model also has transparent inputs and outputs that are biologically translatable improving the chances for the model’s acceptance and use in chemical testing prioritization and targeted testing applications. Extension of the model toward risk assessment applications requires incorporation of toxicokinetic and cell-level information
where quantitative and dynamic outputs of dose and time can be placed into a systems modeling framework. This abstract does not necessarily reflect US EPA policy.
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SPECIES-SPECIFIC PREDICTIVE MODELS OF
DEVELOPMENTAL TOXICITY USING THE TOXCAST
CHEMICAL LIBRARY.

N. S. Sipes. ORD/NCCT, US EPA, Research Triangle Park, NC.
EPA’s ToxCast™ project is profiling the in vitro bioactivity of chemicals to generate
predictive models that correlate with observed in vivo toxicity. In vitro profiling
methods are based on ToxCast data, consisting of over 600 high-throughput screening (HTS) and high-content screening (HCS) assays, including embryonic stem
cells and zebrafish embryos. The observed in vivo toxicity comes from 30 years
worth of prenatal guideline studies of rodents and rabbits parsed into a publically
available database, ToxRefDB. Due to distinct developmental differences, species
specific models of developmental toxicity were built from the HTS data on the 309
ToxCast Phase I chemicals with balanced accuracies over 70%. Unique differences
between the species specific models emphasized inflammatory signals in the rabbit
model, and the retinoic acid receptor (RAR) and G-protein-coupled receptors
(GPCRs) in the rodent model. The in vitro HTS profiles for 700 additional
ToxCast Phase II chemicals, including failed pharmaceuticals, alternative plasticizers, and food additives are being used to validate and update the initial predictive
models of developmental toxicity. These models have the potential to prioritize
chemicals for further targeted toxicity testing and risk assessment, generate hypotheses about mechanistic pathways leading to adverse developmental outcomes,
and reduce cost and increase throughput of chemical testing. This abstract does not
necessarily reflect US EPA policy.

ExpoCast) which can be used in a tiered approach to set priorities for further evaluation. In order to bridge the gap between rapid, mechanism-based HTS data and
existing whole animal guideline developmental toxicity tests which are mainly descriptive in nature, there is an emerging need for creation of an intermediate tier of
testing comprised of functional in vitro developmental toxicity tests, such as cell
cultures and the whole embryo culture, zebrafish and C. elegans models.
Intermediate tier testing can be targeted based on mechanistic read-outs the initial
HTS data. In addition, exposure modeling can be incorporated to ensure that dosing regimens are relevant to human exposures. Examples in which such intermediate tier assays can be used to bridge HTS and in vivo developmental toxicity data
will be presented.
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K. E. Thompson. Reproductive Toxicology, Bristol-Myers Squibb Company, New
Brunswick, NJ.
Therapeutic proteins are an increasing presence in the portfolio of pharmaceutical
development. Typically, this diverse field of structures is not pharmacologically active in traditional animal models of developmental and reproductive toxicology
(DART) evaluations; little is known about the potential placental transfer of these
large molecules; and minimal to nothing is known about the ontogeny of the target
in development of relevant species. When these drugs are active only in non-human
primates (NHP), enhanced pre- and postnatal (ePPND) study designs have been
proposed that are large, lengthy, and costly; importantly, however, they are statistically underpowered to detect increases in developmental mortality and dysmorphogenesis, except in cases of extreme toxicity. In face of 21st century initiatives to
Reduce, Refine, and Replace, the pharmaceutical DART community is challenged
to develop and embrace novel, rigorous approaches for evaluation of therapeutic
proteins that permit prediction of human pregnancy outcomes. These might include assessments of embryo-fetal exposure to candidate proteins, as well as profiling the ontogeny of therapeutic targets. Customized sets of studies that enhance decision-making, or even replace the ePPND study, will be presented as components
of the toolbox available to toxicologists moving into the 21st century.
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TEST STRATEGIES AND ALTERNATIVE APPROACHES
FOR DEVELOPMENTAL-REPRODUCTIVE TOXICITY
FROM THE EUROPEAN REGULATORY PERSPECTIVE.

A. Piersma. National Institute for Public Health and the Environment RIVM,
Bilthoven, Netherlands.
Availability of rapid and reliable screening assays is important to the prioritization,
selection and optimization of new drugs and chemicals. Recent regulatory initiatives from OECD, US EPA and European REACH legislation will require large
amounts of information be generated about toxicity, including reproductive and
developmental toxicity, for large numbers of chemicals in a relatively short timeframe. These objectives cannot be met using current testing paradigms, which are
time- and resource-intensive, and which require large numbers of animals. New research addresses the need for high-throughput and high-content assays to provide
public data on developmental defects, where the toxicity pathways remain largely
uncharacterized. This presentation will assess the current status of testing strategies
using in vitro and alternative models and will highlight the advantages and limitations of these approaches in the context of reproductive and developmental toxicity,
with a special emphasis on classification and labeling.
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BUILDING BRIDGES BETWEEN HIGH-THROUGHPUT
SCREENING DATA AND IN VIVO REGULATORY
GUIDELINE TESTS: APPLICATION OF INTERMEDIATE
TIER IN VITRO FUNCTIONAL ASSAYS IN THE
CHEMICAL INDUSTRY.

E. W. Carney. TERC, The Dow Chemical Company, Midland, MI.
The demand for toxicity data on chemicals used in industry, agriculture, and consumer products has increased tremendously in recent years, largely due to the drive
for new, more sustainable products (which will require their own safety evaluation),
as well as to increased data requirements for existing chemicals (e.g., European
Union’s REACH program). This increased demand for toxicity data simply cannot
be met by conducting more and more regulatory guideline toxicity tests. This is especially true for developmental toxicity testing, which requires hundreds of animals
per compound, is very expensive, and takes long periods of time. In response to
these challenges, the US EPA and other government agencies have launched high
throughput screening (HTS) and exposure science programs (e.g., ToxCast,

INTELLIGENT APPROACHES TO DART EVALUATIONS
OF THERAPEUTIC PROTEINS.

CROSS-SPECIES ANALYSIS OF TOXICOGENOMICS
DATA: APPROACHES FOR ASSESSING DIFFERENCES
IN SENSITIVITY AND CONSERVATION OF MODE OF
ACTION.

R. S. Thomas1 and C. Rowlands2. 1The Hamner Institutes for Health Sciences,
Research Triangle Park, NC and 2Toxicology and Environmental Research &
Consulting, The Dow Chemical Company, Midland, MI.
Two fundamental, but interrelated, challenges in toxicology are to identify a mode
of action for a particular chemical and determine whether a particular response will
be conserved across species. The determination of whether a response will be conserved usually involves a mechanistic understanding of the molecular events and an
assessment of whether the processes and components that comprise those events are
present in both the model species and the species of interest. In light of the relationship between gene expression changes and the biological effects, cross-species
toxicogenomic studies may be used to identify potential modes of action for a
chemical and determine appropriate cross-species adjustment factors for use in a
risk assessment. We will evaluate the application of cross-species toxicogenomics
analysis of chemical toxicant-induced modes of action across species for use in risk
assessment in a series of highly focused presentations. These issues will be of broad
interest to investigators and regulators across environmental, industrial, consumer
products, and pharmaceutical toxicology who perform and interpret cross-species
studies to understand human health risks.
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CROSS-SPECIES COMPARISONS OF
TRANSCRIPTOMIC ALTERATIONS IN HUMAN AND
RAT PRIMARY HEPATOCYTES EXPOSED TO DIOXINLIKE CHEMICALS.

C. Rowlands. Toxicology and Environmental Research & Consulting, The Dow
Chemical Company, Midland, MI.
The relative sensitivities of gene expression changes in human and rat primary hepatocytes exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) was assessed
using whole genome arrays. Following 24 hours exposure to 11-doses of TCDD,
gene expression microarray analysis revealed significantly more genes were affected
in rats compared to humans at all concentrations. A total of 475 and 1574 orthologous genes were significantly altered in human and rat hepatocytes, respectively,
with 159 orthologous genes affected in both species. When compared on a pathway
basis, a total of 49 and 54 pathways were enriched in human and rat hepatocytes,
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respectively, with 12 pathways enriched in both species. Among the pathways enriched in both species, a number were related to nuclear receptor (AHR, CAR,
PXR, ER, AR) signaling and regulation of endogenous and exogenous compound
metabolism. Among the species-specific pathways, immune response pathways
were preferentially enriched in rat hepatocytes. To compare cross-species differences
in potency, gene expression changes were analyzed using benchmark dose (BMD)
analysis. Among known AHR-regulated genes, BMD values for human hepatocytes
were 2- to 10-fold higher than rat hepatocytes while among all orthologs, BMD
values were on average 16-fold higher in human hepatocytes. Based on these data
and additional analysis, human cells were much less sensitive to TCDD and
demonstrated a significantly different gene response pattern compared to rats. The
results will be discussed in context of cross-species extrapolations in risk assessment.

877

APPLICATION OF CROSS-SPECIES
TOXICOGENOMICS TO UNDERSTAND
RODENT/CANINE MODE-OF-ACTION DIFFERENCES
IN DRUG-INDUCED TOXICITIES.

der cancer, inorganic arsenic has typically not produced tumors in standard adult
animal bioassays conducted at much higher concentrations. Evidence of inorganic
arsenic tumorigenicity in animals is primarily limited to studies in which it is co-administered with another carcinogen or when arsenic is administered during the developmental period. There are a number of factors that have been suggested to contribute to the susceptibility of humans to the carcinogenicity of inorganic arsenic:
species differences in the response of the target tissues to arsenite, species differences
in the target tissue dose of the highly potent metabolite, trivalent monomethyl arsenic, or a mode of action (e.g., co-carcinogenicity, epigenetic programming) that
favors tumorigenicity in humans. Genomic analysis indicates a substantially similar
response of human and mouse bladder cells to arsenic exposure, both in terms of
the tissue concentrations at which effects are elicited and the nature of the pathways
affected. In both species, expression changes observed at higher arsenic concentrations are largely related to the oxidative stress response, while responses at the lower
concentrations are related to inflammation, epithelial-to-mesenchymal transition,
survival, and cell cycle control. The evolution of the genomic response over time is
consistent with an initial stress response that is suppressed on longer exposure due
to down-regulation of Fos. This altered cellular state may, during critical periods of
development or on prolonged exposure, lead to cellular transformation.

T. P. Ryan. Drug Disposition, Eli Lilly and Company, Indianapolis, IN.
Two species often employed in preclinical drug development are rat and dog, and
responses of these species to drugs are sometimes discordant. Gene expression profiling of target organs is a means to produce biologically meaningful endpoints that
underlie drug-induced toxicity. We show how probe, gene, and functional level
analyses of gene expression data can discern differences in modes of toxicity between rats and dogs. Conserved and discordant modes-of-action derived from microarray data explained temporal and functional outcomes in animals treated with
hepatotoxic (LPS, PPAR) and cardiotoxic (T4, Minoxidil, isoproterenol) compounds. For example, mice, dogs, and rats administered LPS at doses that produced
an equivalent leukon (75% decrease in total white blood cell count four hours postdose) responded very differently based on toxicological endpoints. Microarray
analysis yielded species-specific biomarkers that will allow better monitoring of inflammation-mediated toxicity in preclinical drug testing. Similarly, gene expression
data from rats and dogs treated with a novel PPAR agonist allowed the pinpointing
of mitochondrial enzyme induction that explained the increased sensitivity in dog
and led to a mechanistic hypothesis on how the peroxisome may be a protective
organ in rat. From these multi-level analyses, the identification of modes-of-action
and better determinations of point of departure for risk assessment can be obtained.
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CROSS-SPECIES TRANSCRIPTOMIC ANALYSIS OF THE
MOUSE AND RAT LUNG EXPOSED TO
CHLOROPRENE.

R. S. Thomas. The Hamner Institutes for Health Sciences, Research Triangle Park,
NC.
β-chloroprene (2-chloro-1,3-butadiene) is a monomer used in the production of
neoprene elastomers and is of regulatory interest due to the production of multiorgan tumors in the 2-year rat and mouse rodent bioassays. A significant increase in
female mouse lung tumors was observed at the lowest exposure concentration of
12.8 ppm while a small, but not statistically significant, increase was observed in female rats only at the highest exposure concentration of 80 ppm. To assess whether
cross-species transcriptomic studies in a sensitive and insensitive species could identify potential key events in the mode-of-action of chloroprene lung tumorigenesis,
dose-response and time course gene expression microarray measurements were
made in the lungs of female mice and female rats at exposure concentrations that
spanned those used for the cancer bioassay and provided approximately equal target
tissue doses in the lung. Both gene set enrichment and pathway-based benchmark
dose analyses were used to identify pathways and cellular processes that possessed
transcriptional changes consistent with the cross-species differences in tumor incidence. The results from the study identified pathways and processes involved in oxidative stress or reactive metabolite formation, steroid hormone and amino acid
metabolism, inflammation, and apoptosis as potentially involved in the mode-ofaction. The results will be discussed in terms of the broad application of crossspecies transcriptomic studies to identify potential modes-of-action.
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COMPARATIVE EVALUATION OF GENOMIC CHANGES
IN THE HUMAN AND MOUSE BLADDER FOLLOWING
EXPOSURES TO INORGANIC ARSENIC AND
METHYLATED METABOLITES.

H. J. Clewell. The Hamner Institutes for Health Sciences, Research Triangle Park,
NC.
A remarkable feature of the carcinogenicity of inorganic arsenic is that while
chronic human exposures in drinking water at concentrations on the order of 0.10.5 mg As/L have repeatedly been associated with increases in skin, lung, and blad-
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SYSTEMS BIOLOGY TO INFORM CROSS-SPECIES
EXTRAPOLATION.

L. D. Burgoon. National Center for Environmental Assessment, US EPA, Research
Triangle Park, NC.
One of the key elements in the Environmental Protection Agency’s Next
Generation of Risk Assessment (NexGen) is the ability to utilize alternative species
models in medium-high throughput and medium-high content assays, and apply
the mode of action and hazard information to help prioritize chemicals for further
study and risk assessment. However, one challenge is to create computational methods that are capable of identifying shared modes of action when applied to crossspecies extrapolation. Systems and network biology approaches can be used to identify similar modes of action in high content (e.g., toxicogenomics) data. The
challenge with comparing different microarray studies is that it is very common
that the same genes may not be activated or present in every study, but the same
pathways may still be perturbed. Thus, using traditional methods of identifying
overlapping genes (e.g., Venn diagrams, network intersections), an analyst may believe that the modes of action are different due to the limited overlap, when in fact
the same pathways are being perturbed. In contrast, by taking a network community approach it is possible to identify shared modes of action (e.g., communities)
across species. To perform the analysis, we have developed computational methods
to speed up the identification of maximal cliques and then combine these cliques
into communities using a technique called clique percolation. Using a probabilistic
community mapping approach, we can identify which communities likely represent the same modes of action based on their neighbors and the community constituents, and assign a probability value to the likelihood that modes of action are
conserved between species. We will discuss the similarities and differences that this
method identified with respect to shared modes of action in the zebrafish and fathead minnow ovary following exposure to the aromatase inhibitor fadrozole.
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DEVELOPMENT OF BIOSIMILAR PRODUCTS:
OVERVIEW OF STANDARDS AND REGULATIONS.

G. Finch1 and B. Mounho2. 1Drug Safety R&D, Pfizer Inc., Groton, CT and
2Global Regulatory Affairs and Safety, Amgen Inc, Thousand Oaks, CA.
Biosimilar products are follow-on versions of approved, innovative biopharmaceuticals derived from recombinant DNA technology. As innovator biopharmaceuticals are reaching the end of their patent protection period, there is an increased interest globally in the pharmaceutical industry in the opportunity for the
development and registration of biosimilar products. A number of biosimilar products are now approved in certain regions (e.g., Europe), and numerous regulatory
authorities around the world have either finalized or are in the process of developing guidance documents for the approval biosimilars. This symposium will provide
an overview of the history and development of the regional guidelines for biosimilars, as well as some of the unique challenges in developing biosimilars such as
CMC, nonclinical, and clinical issues. Currently approved biosimilar products will
be reviewed, including a more in-depth outline of the nonclinical and clinical studies conducted to support the approval of certain biosimilar products to illustrate selected challenges in the development process. The session will also include an
overview of the US Biologics Price Competition and Innovation Act and regulatory
perspective on requirements for biosimilar development, as well as an update and
review on the US FDA’s regulatory guidance on the nonclinical and clinical approval requirements for biosimilars.
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OVERVIEW OF THE HISTORY AND DEVELOPMENT
OF REGIONAL GUIDELINES FOR THE APPROVAL OF
BIOSIMILAR PRODUCTS.

as present some of the critical challenges in developing SEBs such as manufacturing
the SEB, choice of reference product, and determining the extent of the nonclinical
and clinical data to demonstrate similarity between the SEB and the reference product. The issue of interchangeability will also be discussed.

B. Mounho. Global Regulatory Affairs and Safety, Amgen Inc., Thousand Oaks, CA.
The regulatory approval standards for biosimilar products are distinct from those
for generic chemically-synthesized (small molecule) medicines, which must be
identical to the reference listed drug. In contrast to generic medicines, biosimilars
are “highly similar” but not identical to the approved biologic product (reference
product). The European Union (EU) served as the pioneer for establishing the regulatory framework for the approval of biosimilars following the enactment of legislation in 2003/2004 which empowered the European Medicines Agency (EMA) to
approve biosimilar products. Subsequent to the regulatory guidance established by
the EMA, guidelines for the approval of biosimilars have been developed in several
key regions around the world such as Canada and Japan, as well as the World
Health Organization (WHO). This presentation will review the history and development of the regulatory standards for the approval of biosimilars established by
various regions and the WHO. The similarities as well as some of the key differences between the regional guidelines will also be reviewed.
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BIOSIMILAR DRUG DEVELOPMENT—APPROACHES
TO TOXICITY EVALUATION.
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US FDA’S OVERVIEW OF THE REGULATORY
GUIDANCE FOR THE APPROVAL OF BIOSIMILAR
PRODUCTS IN THE UNITED STATES.

D. Jacobson Kram. CDER, US FDA, Silver Spring, MD.
The Patient Protection and Affordable Care Act (PPACA) was signed into law by
President Barack Obama on March 23, 2010. The law contains the Biologics Price
Competition and Innovation Act (BPCIA), which creates an abbreviated approval
pathway in the United States for biosimilar products that are demonstrated to be
highly similar (biosimilar) to a therapeutic protein product previously approved as
a Biologics License Application (BLA) under the Public Health and Services Act
(PHSA). The US FDA sought comments from interested parties during a public
hearing in November 2010 and submission of comments later that year. The US
FDA’s scientific standards and data (analytical, nonclinical and clinical) required for
the approval of biosimilar products will be reviewed in this presentation.
Additionally, factors such as selection of reference product and extrapolation of
clinical data, as well as other issues related to biosimilar products will be discussed.

D. Herzyk. Laboratory Animal Resources and Safety Assessment, Merck & Co Inc.,
West Point, PA.
The demonstration of a high degree of similarity between the biosimilar and reference product in bioanalytical characterization and in vitro functional testing should
significantly reduce the extent of non-clinical safety studies since the reference
product has already have established clinical safety. It is generally proposed that in
addition to a pharmacokinetic and pharmacodynamic comparative evaluation, at
least one repeat-dose toxicology study should be conducted in support of First-inHuman trial with a biosimilar product. The toxicology study should be designed to
detect potential differences between the biosimilar and reference product, thus the
inclusion of the reference product is expected for a direct comparison. The study
should be conducted in a pharmacologically relevant laboratory animal species
when available. Rationale for strategies and study design of toxicology studies with
different biosimilar products may significantly vary based on the nature of their respective reference products. Examples of a few toxicology programs for specific
biosimilar products will be discussed.
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INDUSTRY PERSPECTIVE ON BIOSIMILAR DRUG
DEVELOPMENT AND REGISTRATION.

K. Lai. Biotechnology Industry Organization, Washington, DC. Sponsor: G. Finch.
Prior to the passage of the Biologics Price Competition and Innovation Act
(BPCIA), BIO developed a set of key principles that should guide the creation of a
pathway for the approval of biosimilars. BIO’s principles state that a pathway
should ensure patient safety; recognize scientific differences between drugs and biologics; maintain the physician-patient relationship; preserve incentives for innovation; ensure transparent statutory and regulatory processes; and, continue to prioritize FDA review and approval of new therapies and cures. This presentation will
review industry’s perspectives on biosimilarity, interchangeability, and the R&D aspects of and data requirements necessary for a biosimilars pathway.
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CHALLENGES AND REGULATORY APPROACH FOR
THE APPROVAL OF SUBSEQUENT ENTRY BIOLOGICS
IN CANADA.

887

THE ROLE OF DANGER SIGNALS IN THE
DEVELOPMENT OF CHEMICAL SENSITIZATION BY
ENVIRONMENTAL AND OCCUPATIONAL AGENTS.

P. Marc1, S. F. Martin2, R. Dearman3 and R. Pieters4. 1INSERM UMR 996,
Université Paris-Sud, Chatenay-Malabry, France, 2Department of Dermatology,
University Freiburg, Freiburg, Germany, 3Faculty of Life Sciences, University of
Manchester, Manchester, United Kingdom and 4Institute for Risk Assessment Sciences,
University of Utrecht, Utrecht, Netherlands.
The adaptive immune response to a foreign antigen needs both the recognition of
the specific antigen and the presence of a specific cellular microenvironment at the
place of antigen entrance. This specific cellular microenvironment provides signals
to antigen-presenting cells allowing the elicitation of the immune response instead
of immune tolerance to the foreign antigen. To this extent danger signals (e.g.,
proinflammatory cytokines, specific molecules from pathogens,necrosis products)
play a crucial role in the immune adaptive response to pathogens. Triggering the innate immune system with danger signals, for instance through specific receptors
termed PRR (pattern recognition receptors) including TLR (toll-like receptors), is a
prerequisite for the immune system to react to pathogens as well as environmental
antigens. These danger signals can be considered as adjuvants of immunity and indeed this concept has been extensively used for vaccination by adding chemicals
(aluminium hydroxide) or pathogen products in vaccines. By analogy to the immune response to pathogens, the hypothesis that chemical allergens need the presence of danger signals or provide this danger signal to induce chemical hypersensitivity reactions has been developed during the past five to ten years. In this case, the
chemical will play the role of an adjuvant. Recent evidence suggests that particulate
matters and nanoparticles (SiO2, TiO2) can also mimic the presence of danger signals and thus have adjuvant potential on immune responses. Recently, several in
vitro models have been developed to address the adjuvant effect of chemical sensitizers as tools to predict chemical sensitizer potential.
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CHEMICALS MODIFY THE CELLULAR
MICROENVIRONMENT IN THE SKIN PROVIDING
ENDOGENOUS DANGER SIGNALS.

A. Ridgway. Biologics and Genetic Therapies Directorate, Health Canada, Ottawa,
ON, Canada. Sponsor: G. Finch.

S. F. Martin. Department of Dermatology, University of Freiburg, Freiburg, Germany.
Sponsor: M. Pallardy.

A “subsequent entry biologic” (SEB) is a term used by Health Canada to describe a
biological product that would be considered as similar to an innovator biological
product already approved and registered in Canada. As more innovator biological
products reach patent expiry in the upcoming years, worldwide interest in developing SEBs will continue to grow. Due to the structural and molecular complexity of
biological products, the regulatory standards for the approval of generic medicines
are not scientifically appropriate for the development SEBs. In recognizing the distinction between generic medicines and SEBs, regulatory guidance was finalized by
Health Canada in March 2010. This presentation will review the origins of the
Canadian guidance and regulatory standards for the development of SEBs, as well

Allergic contact dermatitis (ACD) is an inflammatory skin disease of great and
steadily increasing importance as an occupational health problem. The disease is induced by xenobiotic organic and inorganic chemicals which penetrate the skin and
react with host proteins. This process is accompanied by a strong, allergen-induced
inflammatory reaction, which I call xenoinflammation, and leads to the migration
of allergen-carrying dendritic cells (DC) from the skin to regional lymph nodes,
where they promote generation of allergen-specific T cells. The latter are the ultimate effector cells of the disease. Re-exposure to the causative agent leads to the recruitment of the T effector cells, which then elicit the typical skin inflammatory reaction at the site of allergen contact. A striking finding is the normal contact
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hypersensitivity (CHS) response in germ-free mice. This implies that contact allergens orchestrate the innate immune response by the direct or indirect activation of
innate signaling pathways using non-microbial, i.e. endogenous danger signals. In
fact, a crucial role for TLR2, TLR4, the NLRP3 inflammasome and reactive oxygen
species in ACD and CHS has recently been demonstrated. Thus, contact allergens
trigger the same innate pathways that are triggered by microbial pathogens to induce skin inflammation leading to pathogenic T cell responses. In summary, ACD
can be viewed as an anti-infectious immune response to non-infectious, non-replicating agents.
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CHEMICAL SENSITIZERS CAN PLAY THE ROLE OF
DANGER SIGNALS.

P. Marc. INSERM UMR 996, Université Paris-Sud, Chatenay-Malabry, France.
Dendritic cells are the most potent antigen presenting cells, which express a wide
variety of receptors on their cell surface, recognizing microbial patterns, damage induced molecules and cytokines that constitute the “danger signals”. Dendritic cells
become reporters of the microenvironment if exposed to the allergen, subsequently
migrating to the draining lymph nodes where they activate naive T lymphocytes.
Dendritic cells could also be indirectly activated by epithelial cells, which express
various receptors and secrete a variety of cytokines early after allergen exposure.
Recently, is has been shown that chemical sensitizers but not chemical irritants were
able to directly activate dendritic cells leading to phenotype modifications, cytokine
production and T-cell activation. Specific cellular signalling mimicking “danger signal” has been found to associate with these modifications suggesting a specific
recognition of chemical sensitizers by dendritic cells.
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PHTHALATES INFLUENCE THE IMMUNE AND
ALLERGIC RESPONSES.

R. Dearman. Faculty of Life Sciences, University of Manchester, Manchester, United
Kingdom.
It has been suggested that one possible contributor to the increasing prevalence of
atopic (IgE-mediated) allergic diseases and asthma in Europe and the US is exposure to chemicals that may act as adjuvants. Certain commonly used phthalate plasticisers have been implicated in this regard. The evidence for the ability of phthalates to impact on immune and allergic responses will be discussed, encompassing
epidemiological investigations and results deriving from studies using experimental
animals and from analyses in vitro. There is some evidence from the epidemiological data that exposure to phthalates may be associated with increased risk of development of allergies and asthma, however, the lack of objective exposure information limits the interpretation. It has also been reported that certain phthalates,
when delivered at appropriate doses, and via an appropriate route, impact on immune and inflammatory function in rodents, although as yet no consistent pattern
has emerged. Effects range from potentiation of immune or inflammatory responses, to the absence of any effect, to inhibitory or immunosuppressive activity.
There is clearly a need for more definitive animal studies that will allow development of a more detailed understanding of whether and to what extent phthalates
are able to effect meaningful changes in immune function that may in turn impact
on human health.
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LUNG DENDRITIC CELLS ARE STIMULATED BY
ULTRAFINE PARTICLES AND PLAY A KEY ROLE IN
THEIR IMMUNOSTIMULATING ACTIVITY.

R. Pieters1, 2. 1Institute for Risk Assessment Science, Research Centre Technology and
Innovation, University of Utrecht, Utrecht, Netherlands and 2Research Centre
Technology Innovation, Utrecht University of Applied Sciences, Utrecht, Netherlands.
The immunostimulating activity of air pollution particles on allergic airway sensitization is well known, but the cellular mechanisms underlying this so-called adjuvant potential are not yet well defined. Particulate air pollution has been associated
with increased induction (sensitization) and exacerbation (challenge) of allergic airway disease. In human subjects diesel exhaust particles (DEP) have been shown to
increase sensitization against antigens and various other particles are able to induce
allergic sensitization against coadministered ovalbumin (OVA) in mouse models of
allergic airway sensitization. Because no sensitization against the air pollution particles per se takes place, the main question is how these airborne particles affect the
mucosa-associated immune system of the respiratory tract so that allergic sensitization against coadministered antigen takes place. Various cellular mechanisms have
been suggested, including induction of cellular stress (oxidative stress) and activation of macrophages and epithelial cells. Most of the underlying mechanistic stud-
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ies were done in vitro, and mechanistically relevant in vivo data are still limited.
Data to support the importance of dendritic cells (DC) and costimulation in particle-induced immunostimulation will be presented in view of the danger hypothesis.
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ASSESSING THE BIOAVAILABILITY AND RISK FROM
METAL-CONTAMINATED SOILS AND DUSTS.

M. F. Hughes1 and K. D. Bradham2. 1NHEERL/ORD, US EPA, Research Triangle
Park, NC and 2NERL/ORD, US EPA, Research Triangle Park, NC.
Exposure to contaminated soil and dust is an important pathway in human and
ecological risk assessment and often is the risk-driver for metal-contaminated soil.
Site-specific soil physical and chemical characteristics, as well as biological factors,
determine the bioavailability of soil contaminants. Within a single sample, contamination may be from multiple sources of toxic elements that may exist as different
forms and species. The bioavailability of soil and dust contaminants has a direct impact on human health risk assessment and risk management practices. Novel research efforts focusing on development and application of in vitro and in vivo
methods to measure the bioavailability of metal-contaminated soils have advanced
in the past few years. Our panel of experts will provide information on the recent
developments in assessing the bioavailability and risk from metal-contaminated
soils and dusts. The presentations include the relative bioavailability of arsenic-contaminated soils, metal contamination in urban residences in Canada, and potential
children’s exposures to toxic elements in house dust. The information can be found
in a community-based study known as the “West Oakland Residential Lead
Assessment Study,” which provides details of the bioavailability of soil cadmium,
chromium, nickel, and mercury, and human exposures to contaminated Brownfield
soils. These presentations cover issues related to human health and bioavailability
along with the most recent studies on community participation in assessing metal
contamination, studies of children’s exposures to residential contamination, and recent in vitro and in vivo methods development for assessing the bioavailability of
metals in soils and dusts. This session seeks to provide a forum for discussing the
implications of these latest developments on incorporating bioavailability into the
risk assessment and management process.
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RELATIVE BIOAVAILABILITY, BIOACCESSIBILITY,
AND SPECIATION OF ARSENIC IN CONTAMINATED
SOILS.

K. D. Bradham1, K. G. Scheckel2, C. M. Nelson1, P. E. Seales3, G. E. Lee3, M.
F. Hughes3, S. M. Serda4 and D. J. Thomas3. 1NERL/ORD, US EPA, Research
Triangle Park, NC, 2NRMRL/ORD, US EPA, Cincinnati, OH, 3NHEERL/ORD,
US EPA, Research Triangle Park, NC and 4Region 9, US EPA, San Francisco, CA.
Assessment of soil arsenic bioavailability may profoundly affect the extent of remediation required at contaminated sites by improving human exposure estimates.
Thus, convenient, rapid, reliable, and inexpensive tools for assessing soil arsenic
bioavailability are needed. In this study, in vivo mouse bioavailability and in vitro
bioaccessibility of arsenic and physicochemical properties of nine soils from residential sites affected by earlier mining or smelting activity and two NIST standard
reference materials were analyzed. In addition, arsenic speciation and select soil
physicochemical properties were evaluated as predictors of arsenic bioavailability
and bioaccessibility. In the in vivo assay, relative bioavailabilities of soil arsenic
ranged from 11-53%. In vitro estimates of soil arsenic bioaccessibility were strongly
correlated with soil arsenic bioavailability values (R2 = 0.88). Among physicochemical properties, combined concentrations of iron and aluminum accounted for most
of the variability in estimates of bioavailability and bioaccessibility, respectively.
This multifaceted approach combined in vivo assays, in vitro assays, and physicochemical characterization of soils to yield congruent estimates of arsenic bioavailability and evidence of interrelations among physicochemical properties and
bioavailability estimates. (This abstract does not represent US EPA policy.)
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METAL CONTAMINATION IN URBAN RESIDENCES IN
CANADA AND POTENTIAL CHILDREN’S EXPOSURES
TO TOXIC ELEMENTS IN HOUSE DUST.

P. E. Rasmussen1, S. Beauchemin2 and L. MacLean3. 1Health Canada, Ottawa,
ON, Canada, 2CANMET-MMSL, Natural Resources Canada, Ottawa, ON,
Canada and 3Canadian Light Source, Inc., Saskatoon, SK, Canada. Sponsor: M.
Hughes.
House dust is both an exposure medium, with ingestion of dust providing a major
pathway of Pb exposure for young children, and a transport medium, facilitating
the transfer of outdoor contaminants to the indoor environment. Results from the

recently completed Canadian House Dust Study provide a nationally representative
sample of typical dust metal concentrations and loadings in urban Canadian
homes. Detailed studies employing synchrotron techniques show a strong relationship between metal bioaccessibility and speciation in house dust, and assist in identifying causes for elevated indoor metal concentrations in the national study. The
results showed that common Pb carbonate pigments contribute to elevated Pb
bioaccessibility of house dust, and demonstrated that Pb bioaccessibility can be predicted from its speciation. This research also investigated variations in potential exposures from one part of the home to another. In humid indoor microenvironments, the dust sink provides a medium for molecular-scale transformations of
certain metals (e.g. Pb and Zn) to more bioaccessible forms, which results in a significant (p < 0.05) increase in their overall bioaccessibility in ingested dust.
Variations amongst rooms in older homes were also related to the timing of renovation activity, resulting for example in the presence of older paint compounds in
bedrooms compared to living rooms. The results underscore the importance of taking appropriate measures to minimize exposures to dust, especially during remodelling and renovation.
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US EPA WEST OAKLAND RESIDENTIAL LEAD
ASSESSMENT STUDY.

S. M. Serda1, S. A. Calanog1, K. D. Bradham2, K. G. Scheckel3 and B. W.
Miller3. 1Superfund Division/Region 9, US EPA, San Francisco, CA, 2NERL/ORD,
US EPA, Research Triangle Park, NC and 3NRMRL/ORD, US EPA, Cincinnati,
OH. Sponsor: M. Hughes.
The West Oakland Residential Lead investigation area is comprised of residential
blocks adjacent to the AMCO Superfund National Priorities List site. Based on site
conditions documented by the 2007 investigation, removal actions, and citizen interest the U.S. EPA conducted an expanded site-wide assessment of lead in residential soils in October 2009. Based on these results and in collaboration with the residents of the South Prescott Neighborhood, EPA is taking an innovative approach
to addressing this lead contamination, using phosphates from waste fish bones to
reduce the bioavailability of toxic lead species, and covering the treated soil with a
green cap of sod and organic material. This would have far less impact on the neighborhood than a traditional dig and haul removal. In addition to the innovative soil
treatment, the project will be employing solar power for its electricity needs, electric
vehicles for local transportation, and recycled materials, all in order to minimize the
environmental and health impacts to the community. The project has three key objectives to protect children’s health, to minimize environmental impact to the community, and to support the community by utilizing local resources. (This abstract
does not necessarily represent U.S. EPA policy.)
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BEYOND LEAD AND ARSENIC: HOW ARE OTHER
METALS BEING ADDRESSED?

R. A. Schoof. Environ International Corp, Seattle, WA.
Risk-based clean up levels for metals in soil and dust may be adjusted to correct for
differences in the bioavailability of soil metal vs. the metal forms and exposure
media from toxicity or epidemiology studies. Research and methods development
efforts have focused on evaluation of the relative bioavailability (RBA) of Pb and As
in soil; however, extension of these findings to other metals has been a subject of
some debate. Factors that could affect applicable methods for a given metal include
differences in toxicokinetics and toxic endpoints. Comparison of in vivo study designs used to assess soil As and Pb illustrates some of these differences, with Pb RBA
typically being evaluated based on concentrations in blood, liver and kidney after
repeated dose studies, whereas, As RBA may be evaluated based on urine or blood
concentrations after either single dose or multiple dose studies. Studies of the
bioavailability of soil Cd, Cr, Ni and Hg are more limited, but provide evidence
that RBA varies with metal species and soil characteristics. Repeated dose feeding
studies in rats have been used to measure soil RBA for both Cd and Hg by comparison of concentrations in kidney and other tissues from animals dosed with soil vs.
those dosed with reference metal compounds. Evaluation of Cr is complicated by
possible co-occurrence of trivalent and hexavalent forms, with reduction of Cr(VI)
to Cr(III) in the stomach affecting Cr(VI) absorption. Both Cr and Ni are excreted
primarily in urine, making urinary excretion measurements a viable approach to estimating RBA. In vitro approaches to estimating RBA may also need to be varied
based on both metal characteristics and interactions with soil and dust. Many in
vitro methods include an initial low pH “gastric” phase, with an option for a second
higher pH “intestinal” phase. Available studies suggest that a single gastric phase approach may be used for both Cr and Ni, although for high Ni concentrations care
must be taken to ensure there is sufficient gastric fluid volume so the saturation
point is not exceeded. For Cd and Hg, a two phase approach with RBA based on
the intestinal phase is recommended.
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CONTAMINANT MIXTURES AND MIXED EXPOSURE
PATHWAYS: USING IN VITRO DIGESTORS TO TEASE
OUT HUMAN EXPOSURE TO BROWNFIELD SOILS
AND IDENTIFY ENGINEERING SOLUTIONS THAT
REDUCE RISK.

S. D. Siciliano1, 2, K. James1, B. Laird1 and D. Peak2. 1Interdisciplinary Toxicology
Group, University of Saskatchewan, Saskatoon, SK, Canada and 2Department of Soil
Science, University of Saskatchewan, Saskatoon, SK, Canada. Sponsor: M. Hughes.
Residents living near or on contaminated sites are typically exposed to a mixture of
organic and inorganic contaminants via ingestion and/or inhalation pathways.
Estimating cumulative bioavailability across contaminant and pathway mixtures is
a daunting task. We conducted a multi-year study on human exposure to soilbound pollutants from a northern urban brownfield. We determined that residents
were exposed to the very fine, mean size 32 μm, fraction of soil enriched in metals
and polycyclic aromatic hydrocarbons (PAH) relative to bulk soil. However, the
bioaccessibility of these enriched contaminants was reduced compared to bulk soil,
thus mitigating the exposure risk. We next studied the chemical basis of this enrichment and were able to predict how mixtures both enrich in this ingested soil
fraction and how bioaccessibility varies across mixtures of metals and PAH.
Bioaccessiblity and enrichment for PAHs was dominated by partitioning. For metals, enrichment was dominated by adsorption processes and bioaccessibility was
dominated by metal lability. Metal lability is a chemical property indicating the rate
at which water molecules are replaced in the solvation shell of a metal. This term accurately estimated bioaccessibility within a metal mixture and our regression equations predicted bioaccessibility between studies. Combining these ingestion results
with air quality monitoring, we found that soil ingestion dominated the risk for As
and PAHs, but not for Cr, Cd or Be. During this study, the roads in the study area
were paved; exposure estimates were collected before and after paving. Road paving
reduced the risk to toddlers and adults by an order of magnitude for Cr, Cd and Be.
The premise that inhalation exposure is irrelevant for brownfields is likely incorrect
due to vehicular re-suspension. A simple and functional way to reduce risk in
northern brownfields is to pave the roads in the area.
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STATE OF THE SCIENCE AND THE FUTURE FOR THE
PREDICTIVE POWER OF IN VITRO AND IN VIVO
MODELS FOR NANOMATERIALS TOXICITY TESTING.

A. Elder1 and S. Nadadur2. 1Environmental Medicine, University of Rochester,
Rochester, NY and 2NIEHS, Research Triangle Park, NC.
The proliferation of engineered nanomaterials (ENMs) in commerce has led to a
growing concern about the consequences of exposure for those who produce and
use them. The National Institute of Environmental Health Sciences recognized the
importance of gaining a more fundamental understanding of the potential influence of ENMs on human health and, so, initiated a high priority research program
(Nanotechnology Environmental Health and Safety, NanoEHS) with the availability of funds through the American Recovery and Reinvestment Act. This Nano
Grand Opportunity (NanoGO) program was developed to address major issues of
inconsistency in results reported for similar engineered nanomaterials investigated
at different laboratories, a problem that significantly impedes both hazard and risk
assessment for this class of materials. The disparities in results likely arise from poor
communication about material characteristics, lack of assay validation, and/or inconsistencies in methodology. The goal of the NanoGO initiative was to support
the development of reliable and reproducible methods and models to assess biological response through coordinated research efforts. As a result of this program, the
NanoGO Consortium was established with 13 investigators/institutions in
November 2009. The Consortium selected a library of ENMs and identified a set
of in vitro and in vivo assays to be used in interlaboratory comparisons using standardized protocols. This session will focus on the study design, specific objectives,
and consensus findings from interlaboratory in vitro and in vivo toxicology and particle characterization studies that were done with the library of engineered metal
oxide and carbonaceous nanoparticles within the NanoGO Consortium, with an
emphasis on how the findings can be used in the context of hazard assessment.

899

OVERVIEW OF THE NIEHS-SPONSORED NANOGO
PROGRAM.

S. Nadadur. NIEHS, Research Triangle Park, NC.
The overarching goals of the Nano EHS program at NIEHS are to address fundamental issues of ENM interactions with biological matrices and to provide leads for
defining potential hazard and health effects associated with accidental or incidental
exposures. This knowledge could also be utilized to guide the development of safer
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ENMs. Towards these goals and in coordination with the priorities identified by the
National Nanotechnology Initiative, NIEHS started the Nano GO program to address one of the fundamental issues in ENM-biological interactions, i.e. the development of reliable and reproducible assays and methods to predict ENM toxicity
using a set of defined materials by a Consortium of investigators across the US. This
presentation will detail the origin, structure, composition and contributions of this
Consortium. First, a suite of metal oxide (spherical titanium dioxide, zinc oxide; titanium dioxide ‘nanobelts’) and carbonaceous (multiwalled carbon nanotubes, 3
different surface chemistries) ENMs were selected for study based on availability,
existence of historical data for comparison, the ability to characterize the material
physicochemical properties, and investigator expertise and interest. Data regarding
ENM size, morphology, composition, and crystal structure will be discussed for the
selected materials. Based on the selected ENMs, a set of short-term in vitro and in
vivo toxicological assays was chosen. The time points and outcome measures related
to the expected oxidative stress, inflammatory, and profibrotic changes were selected by the Consortium and the rationale for these selections will be described.
Through close regular communication amongst Consortium members, problems
with reproducibility were identified and corrected through protocol modifications.
The results of these collaborative and coordinated efforts by the Consortium investigators highlight the need for integrated efforts in the field of nanotoxicology in
addressing the health implications associated with exposure to ENMs.
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PHYSICOCHEMICAL PROPERTY-DEPENDENT IN
VITRO EFFECTS OF ENGINEERED NANOMATERIALS
IN LUNG TARGET CELLS: LESSONS FROM
INTERLABORATORY COMPARISON STUDIES.

A. Holian. Center for Environmental Health Sciences, University of Montana,
Missoula, MT.
The in vitro portion of the NIEHS NanoGo Program established a series of bioassays that were reproducible across different laboratories using the same set of metal
oxide and carbonaceous ENMs. During the course of the program, the assays and
target cells evolved as a result of frequent meetings and conference calls, leading to
a highly collaborative effort with sharing of experience and resources. The first series of studies focused on cytotoxicity as measured by the commonly-used MTS
and LDH release assays. Two lung target cell lines (RLE-6TN, rat type II alveolar
epithelial cells; BEAS-2B, human bronchial epithelial cells) were used to study responses to ZnO and two TiO2 spherical nanoparticles (80% anatase/20% rutile
and pure anatase). The data from all laboratories were analyzed, revealing good
qualitative agreement; however, potential sources of variability that could impact
quantitative agreement were identified and protocols were amended accordingly.
For a second round of testing, the Consortium studies also included high aspect
ratio nanoparticles (anatase TiO2 ‘nanobelts’; raw, purified, and carboxylated
MWCNTs), as well as PMA-treated THP-1 cells. In addition to cytotoxicity measures, TGF-β1 release (indicator of profibrotic activity) from BEAS-2B cells and IL1β release (indicator of inflammasome activation) from THP-1 cells were measured. Analysis of the data demonstrated improvement of quality for both measures
of cytotoxicity, with the MTS results being more consistent than LDH. For most
laboratories, TGF-β1 release was below detectable levels, whereas the IL-1β assay
indicated a high degree of variability related to the degree of PMA activation. The
final round of testing with THP-1 cells is underway, including further protocol improvements (commonly-sourced reagents and cell cultures). The consensus findings
of the NanoGO Consortium point to material- and cell type-specific cellular response patterns and highlight the improvement in data quality that resulted from
integrated collaboration.
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PHYSICOCHEMICAL PROPERTY-DEPENDENT IN
VIVO EFFECTS OF ENGINEERED NANOMATERIALS IN
THE RESPIRATORY TRACT: LESSONS FROM
INTERLABORATORY COMPARISON STUDIES.

K. Pinkerton. Center for Health and the Environment, University of California
Davis, Davis, CA.
The in vivo portion of the NanoGO Consortium was charged with selecting animal
models, ENM dispersion and exposure methods, and a set of response assays to
evaluate the inflammatory and fibrotic potential of carbonaceous and metal oxide
nanoparticles. The assays were also chosen to compliment those used for the in
vitro studies. Because of the limited amounts of material available, in vivo exposures
were conducted via intratracheal instillation. The first phase of the NanoGO
Consortium activities using in vivo models involved studies with spherical TiO2
nanoparticles (100% anatase, 80% anatase/20% rutile). Responses in SpragueDawley rats were evaluated 1 and 7 days post-instillation. None of the participating
laboratories found dose-related changes in cellular or biochemical parameters that
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would indicate an acute inflammatory response, although there was limited evidence from ancillary experiments that the ENM dispersion method may have
masked the lung response. The second set of studies in F344 rats involved anatase
TiO2 ‘nanobelts’ and three MWCNT types with different surface chemistries, as
with the in vitro studies. For the MWCNTs, responses were evaluated 1 and 21
days post-instillation. There were significant differences amongst the laboratories
with respect to the numbers of cells recovered due to differences in lavage technique. However, there was consistency in findings regarding the percentages of neutrophils in lavage fluid, showing the impact of material properties on acute inflammatory responses. For example, purification to remove metal contaminants and
carboxylic acid functionalization of the MWCNT surface resulted in less severe inflammation and faster recovery than with the raw MWCNTs. The consensus in
vivo findings of the Consortium revealed relationships between material physicochemical properties, their dispersion status, and response outcome as well as the
benefits of a Consortium approach to ranking the relative toxicity of carbonaceous
and metal oxide ENMs.
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NANOPARTICLE DOSIMETRIC CONSIDERATIONS
FOR IN VITRO AND IN VIVO MODEL SYSTEMS:
CONSIDERATION OF DISPERSION STATUS, DOSE
AND DOSE RATE FOR STUDY DESIGN AND IN VIVOIN VITRO RESPONSE COMPARISONS.

G. Oberdörster. Environmental Medicine, University of Rochester, Rochester, NY.
This presentation will focus on responses to ENMs in the lower respiratory tract
when administered to rodents as a bolus in well dispersed liquid suspensions (intratracheal instillation) or as an aerosol (inhalation). The impact of ENM suspension
preparation using dispersants and sonication protocols for bolus type deliveries
(high dose rate) vs. delivery of pristine nanoparticles by inhalation (low dose rate)
will be discussed in terms of the usefulness and relevancy of bolus administration to
simulate real-life exposures. Implications and consequences for appropriate in vitro
exposures of respiratory tract epithelial cells will be highlighted with regard to
dosimetry and to particle delivery methodology via media suspension or aerosol
(air-liquid interface). Conclusions regarding the influence of changing the dispersion state of ENMs by chemical (dispersants) or physical (sonication) means and of
delivery mode on inflammatory responses will be discussed.
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SUFFICIENT SIMILARITY OF WHOLE
REPRESENTATIVE MIXTURES OR A RELATIVE
POTENCY FACTOR APPROACH: POLYCYCLIC
AROMATIC HYDROCARBONS AS A CASE STUDY.

C. V. Rider. NTP/NIEHS, Research Triangle Park, NC.
Predicting the toxicity of complex and dynamic mixtures represents a difficult challenge for risk assessment, as demonstrated recently by seafood safety concerns following the Deepwater Horizon oil spill. Two established approaches for addressing
this challenge are the relative potency factor (RPF) approach and the sufficient similarity (SS) of whole mixtures approach. The RPF approach requires knowledge of
dose-response relationships of the individual mixture components. These data are
then input into a dose additivity model to predict the toxicity of the mixture.
Alternatively, with the SS approach, representative whole mixtures are used as a
basis for predicting the toxicity of related environmental mixtures. Polycyclic aromatic hydrocarbons (PAHs) offer a useful case study for comparing the advantages
and disadvantages of RPF and SS approaches. These ubiquitous contaminants are
found in many mixtures to which humans are regularly exposed. PAHs are a large
and diverse group of chemicals with complex mechanisms of action. Much work
has been dedicated to developing an RPF approach for estimating cancer risk associated with exposure to unsubstituted PAHs. However, there is no clear path forward for expanding risk assessments to include substituted PAHs or noncancer endpoints, such as immune and reproductive toxicity. Currently, individual PAH
dose-response data is incomplete and insufficient for accurately evaluating risk to
human health. In order to better characterize toxicity associated with PAH mixtures, more work is needed. Determining which approach is more appropriate is a
necessary step in deciding how to focus research resources. In effect, an RPF approach would dictate additional individual chemical toxicity testing; whereas, an SS
approach would necessitate deciding on appropriate representative mixtures and
testing those mixtures. This session will provide the framework and cover topics including advantages and disadvantages of each approach, consideration of the complex mechanisms of action of PAHs, critical data needs, and novel techniques available for filling data gaps and refining testing.
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LESSONS FROM THE DEEPWATER HORIZON
BLOWOUT: DEVELOPING APPROACHES TO
ESTIMATE RISK FROM COMPLEX EXPOSURES.

J. M. Gohlke. Environmental Health Sciences, University of Alabama at
Birmingham (UAB), Birmingham, AL.
The Deepwater Horizon blowout in the Gulf of Mexico provided a stark example
of the need for risk assessment methods dealing with complex environmental mixtures. The FDA and NOAA protocol implemented for re-opening fisheries used an
additive relative potency factor approach to assess risk associated with exposure to
polycyclic aromatic hydrocarbons (PAHs) in seafood. An assessment of this protocol based on comparisons with previous oil spills, published testing results, and current knowledge regarding chemicals released will be presented. The data gaps highlighted by this recent event are used to explore risk-benefit scenarios that necessarily
incorporate exposure to mixtures, which is particularly important for dietary exposures that may have both positive and negative health implications, such as is the
case for seafood consumption. Development of pathway-based models that bring
together both carcinogenic and non-carcinogenic endpoints may be useful for improving the risk assessment of exposures to mixtures. An approach that relies on information regarding time and spatially dependent activation of evolutionarily conserved transcription factors may provide a useful model construct for mixtures risk
assessment of PAHs. Providing evidence for this approach, the examination of extant datasets on transcriptional networks after PAH exposure across several model
species suggests downstream perturbation of developmental pathways may help to
explain, in part, both carcinogenic and non-carcinogenic endpoints. When data is
available, a pathway-based framework can efficiently incorporate evidence of additive, synergistic and antagonistic roles in mixtures. In conclusion, the Deepwater
Horizon blowout provides a real-world application of PAH risk assessment approaches and highlights the need for prioritization of data and methods development needs in addressing exposure to mixtures in risk assessment.
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COMPARING WHOLE-MIXTURE AND COMPONENTMIXTURE RISK ASSESSMENT METHODS.

G. E. Rice and L. K. Teuschler. US EPA/NCEA, Cincinnati, OH. Sponsor: C.
Rider.
In chemical mixtures risk assessment, choices between whole-mixture (WM) and
component risk approaches are driven by available toxicology and exposure data.
Typically, WM data and risk methods are preferred. For WM data, cancer and noncancer toxicity values (TVs) are developed treating the tested WM data as a single
entity. These TVs can be developed for WMs of direct concern in the environment
or applied to environmental mixtures judged sufficiently similar to tested WMs.
Such judgments assume that responses to the test and environmental WMs are similar enough that TVs developed for the tested WM can serve as surrogates for the
environmental mixtures. Response has at least four dimensions in this context:
probability of effect, severity of effect, type of effect, and quantitative measure of effect. Measured responses to tested WMs inherently include potential joint toxic action among components and the toxicities of unidentified or unstudied components; however, preparation, chemical characterization, toxicity testing and analyses
of similarity among WMs can be resource intensive. For component data, methods
such as relative potency factors (RPF) rely on assumptions regarding the relative
toxicity of mixture components. The RPF method assumes components share a
common mode-of-action and are dose-additive. For each component, its RPF is a
scaling factor representing its toxicity relative to that of the mixture’s index chemical. Dose-addition using RPFs operates by summing the products of the components’ doses and RPFs to generate an index chemical equivalent dose (ICED) for
the mixture. The mixture risk is estimated by comparing this ICED to the dose-response curve of the index chemical. While dose-additive methods are flexible and
generally less resource intensive than WM methods, the approach is limited to
tested components, assumptions of dose additivity need to be evaluated, and risks
associated with unidentified components are not examined. PAH mixture data will
be used to illustrate these points. The views expressed in this abstract are those of
the authors and do not necessarily reflect the views or policies of the US EPA.
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MULTIPLE MECHANISMS OF PAH TOXICITY
REVEALED THROUGH SCREENING WITH ZEBRAFISH
EMBRYOS.

J. Incardona and N. Scholz. Environmental Conservation Division, NOAA, Seattle,
WA. Sponsor: C. Rider.
A major goal of our research program is to develop tools to assess the impacts of
complex PAH mixtures on spawning populations of fish. Fish spawning grounds
can be contaminated by a variety of PAH sources, from oil spills to non-point
sources such as urban stormwater runoff, and early life history stages of fish are particularly susceptible to PAH toxicity. Depending on the predominant PAH source,

environmental mixtures can range widely from being enriched in smaller 2- and 3ring compounds, to having larger contributions of larger 4- to 6-ring compounds.
For example, oil spills produce aqueous mixtures dominated by 2-ring naphthalenes and 3-ring phenanthrenes, urban streams can contain aqueous PAH mixtures that mimic an oil spill pattern with a larger contribution of combustion-derived 4-ring compounds (e.g. pyrene and fluoranthene), while sediments from
urbanized bays can contain much higher contributions of 4- to 6-ring compounds.
In order to develop a mechanism-based understanding of the impacts of these variable mixtures, we have used a screening approach with zebrafish embryos to characterize biological pathways disrupted by individual PAH compounds, simple model
mixtures, and complex petroleum-derived mixtures. These studies reveal that
mechanisms of PAH action are almost as diverse as PAH structure, and include anticipated aryl hydrocarbon receptor-mediated effects, pharmacologic action on cardiac function, and novel pathways still under investigation. The high degree of conservation between humans and lower vertebrates such as fish suggests that these
findings could be relevant for human PAH exposure. Understanding the broader
environmental toxicity of PAH compounds deserves a more concerted and systematic effort.
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UTILIZING QUANTITATIVE STRUCTURE-ACTIVITY
RELATIONSHIP (QSARS) TO PREDICT TOXIC
ENDPOINTS FOR POLYCYCLIC AROMATIC
HYDROCARBON (PAH) RISK ASSESSMENT.

E. D. Bruce. Environmental Science, Baylor University, Waco, TX.
Risk assessment procedures for mixtures of polycyclic aromatic hydrocarbons
(PAHs) present a problem due to the lack of available potency and toxicity data on
mixtures and individual compounds. Previous work has examined the toxicity of
parent compound PAHs and binary mixtures of PAHs in order to begin to bridge
the gap between component assessment and mixture assessment. Parent compound
PAHs and four binary mixtures of PAHs were examined in the
Salmonella/Microsome Mutagenicity Assay, a Gap Junction Intercellular
Communication (GJIC) assay and the 7-ethoxyresorufin-O-deethylase assay
(EROD). These assays were chosen for their ability to measure specific toxic endpoints related to the carcinogenic process (i.e. initiation, promotion, progression).
Data from these assays was used in further studies to build Quantitative StructureActivity Relationships (QSARs) to estimate these toxic endpoints and to test the
additive assumption in PAH mixtures. These QSAR models allowed for the development of bioassay based potential potencies (PPB) or toxic equivalency factors
(TEFs) that were derived not only from bioassay data, but also from structure, activity, and physical/chemical properties. These models can be extended to any environmental media to evaluate risk to human health from exposures to PAHs. This
presentation will address the utility of QSAR modeling with respect to toxicity factor development as well as discussing the extension of this method for cancer/noncancer endpoints, and estimations for mixtures.
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THE RELATIONSHIP BETWEEN AROMATIC RING
CLASS CONTENT AND THE TOXICITY OF HIGHBOILING PETROLEUM SUBSTANCES.

R. White. American Petroleum Institute, Washington, DC. Sponsor: C. Rider.
The toxicological effects of petroleum-derived materials have commonly been characterized through tests of reasonable worst case examples. This was a pragmatic
means of dealing with the complex and variable compositions of petroleum-derived
substances. The toxicological properties of some of these substances are associated
with polycyclic aromatic compounds (PACs) including aromatic ring structures
with multiple alkylation sites, as well as structures with sulfur, nitrogen and/or oxygen in the ring or side chains. However, the effects have not been related to specific
PAC constituents. The toxicological effects resulting from dermal exposure to PACcontaining substances include skin cancer and systemic changes including alterations in hematological parameters, reduced thymus weights, increased liver
weights, and effects on fetal survival and development. Additionally, these petroleum substances are often mutagenic when tested in modified Salmonella assays but
are not genotoxic in bone marrow assays. Thus the classical industry approach has
been based on sufficient similarity of whole representative substances.
Within the context of EPA’s High Production Volume (HPV) Challenge program,
this approach has been significantly advanced. A set of statistical models were developed which predict the systemic and developmental toxicity from dermal exposure as well as the in vitro mutagenic potential of high-boiling petroleum substances. The compositional data used are the weight percentages of each of the 1through 7-aromatic ring classes in a DMSO extract of the test material. Thus the
industry now has tools that are analogous to the relative potency factor approach
but are based on groups of similar molecules, rather than on specific, non-alkylated
polycyclic aromatic hydrocarbon molecules which are not commonly found in substantial quantities in petroleum substances. These models can be applied to crude
oil and to other petroleum substances that contain PACs.
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WHAT’S THE BUZZ? BEE HEALTH AND CALIFORNIA’S
AGRICULTURAL INDUSTRY.

K. Steinmetz1 and M. R. Creek2. 1SRI International, Menlo Park, CA and 2Valent
USA Corporation, Walnut Creek, CA.
There is a significant honey bee health crisis in California and globally that may
threaten the future of California’s agricultural industry. Over half of California
crops are dependent upon pollinators, including honey bees, with a potentially
staggering economic impact approaching tens of billions of dollars. Some colonies
collapse from the rapid loss of adult bees with the queen, a handful of bees, and
some brood still present in the hive. In the US, this set of symptoms has been called
Colony Collapse Disorder, or CCD. This condition is one component of a more
general problem of colony losses, which has reached record highs in the past
decade. Colony numbers in the US have been declining since the late 1940s because of the declining number of beekeepers. This trend continues but is now accelerated because of the challenge of keeping bees healthy and productive.
Beekeeper surveys indicate annual colony losses of 30% and more. Multiple stressors, including Varroa and tracheal mites, Nosema, foulbroods diseases, numerous
viruses, and small hive beetles, may be present in hives and can explain most of the
colony losses. Other potential contributing factors are being investigated as well.
Our panel brings together scientists, stakeholders, and regulators to discuss different viewpoints on the complex world of bees and what might be causing the honey
bee health crisis. Pesticide testing methodologies and results will also be addressed.
We will provide an overview on the current status of bee and colony health and an
introduction into the multifactorial issues that affect bee health. This discussion
will be followed by a presentation on the potential health threats posed by infectious agents. Next, a State of California representative will outline the steps being
taken to protect bee health while balancing the need for agricultural crop protection tools. Finally, the complex approaches to understanding the relationship between pesticide residues and bee health and the logistical challenges of addressing
these in a regulatory context will be discussed.
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THE CURRENT STATE OF HONEY BEES AND COLONY
HEALTH.

E. Mussen. Extension Apiculture, University of California, Davis, CA. Sponsor: K.
Steinmetz.
Before the arrival of tracheal (Acarapis woodi) and varroa (Varroa destructor) mites in
1984 and 1987, respectively, annual colony losses averaged around 5-10%. To control mites, most beekeepers placed acaricides in their hives. Since then, queen
longevity, colony health and vigor have declined in many operations and colony
losses now average about 15-20%. In 2004, approximately 25% of our beekeepers
noted that apparently healthy colonies very quickly lost all adult bees, except the
queen and a few newly-emerged workers that soon perished. This malady was
named colony collapse disorder (CCD) in 2006. All stages of brood were present,
stores of honey and pollens were abundant. In the few remaining adult bee specimens, titers of the fungus (Nosema ceranae) and one or more RNA viruses were
very high. While appearing similar to losses induced by extremely heavy varroa mite
infestations, neither bees with shriveled wings nor copious varroa fecal spots were
observed. The resulting media clamor prompted governmental agencies to provide
extra funding for honey bee research. That research provided a greater insight into
the parameters of honey bee health. The immune system of the honey bee, already
meager compared to a fruit fly and mosquito, appeared to be overwhelmed. Various
potential stresses are being studied, including: malnutrition, transporting bees, pesticide residues in beeswax, stored pollens, stored honey, larvae, pupae, and adult
bees; synergistic interactions among pesticides; bacteria, fungi, and viruses in apparently healthy and sick colonies, impacts of GM pollen, and effects of exposure to
irradiation. None of these results explain why 25 percent of beekeepers continue to
lose 40 to 100 percent of their colonies annually.
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TEMPORAL ANALYSIS OF THE HONEY BEE
MICROBIOME REVEALS FOUR NOVEL VIRUSES AND
SEASONAL PREVALENCE OF KNOWN VIRUSES,
NOSEMA, AND CRITHIDIA.

J. DeRisi. Howard Hughes Medical Institute, University of California, San Francisco,
CA. Sponsor: K. Steinmetz.
Honey bees (Apis mellifera) play a critical role in global food production as pollinators of numerous crops. Recently, honey bee populations in the United States,
Canada, and Europe have suffered an unexplained increase in annual losses due to
a phenomenon known as Colony Collapse Disorder (CCD). Epidemiological
analysis of CCD is confounded by a relative dearth of bee pathogen field studies. To
identify what constitutes an abnormal pathophysiological condition in a honey bee
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colony, it is critical to have characterized the spectrum of exogenous infectious
agents in healthy hives over time. We conducted a prospective study of a large scale
migratory bee keeping operation using high-frequency sampling paired with comprehensive molecular detection methods, including a custom microarray, qPCR,
and ultra deep sequencing. We established seasonal incidence and abundance of
known viruses, Nosema sp., Crithidia mellificae, and bacteria. Ultra deep sequence
analysis further identified four novel RNA viruses, two of which were the most
abundant observed components of the honey bee microbiome (~1011 viruses per
honey bee). Our results demonstrate episodic viral incidence and distinct pathogen
patterns between summer and winter time-points. Peak infection of common
honey bee viruses and Nosema occurred in the summer, whereas levels of the trypanosomatid C. mellificae and Lake Sinai virus 2, a novel virus, peaked in January.
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PESTICIDE RISK ASSESSMENT FOR HONEY BEES. A
CALIFORNIA PERSPECTIVE.

R. Bireley. California Department of Pesticide Regulation, Sacramento, CA. Sponsor:
K. Steinmetz.
In the United States, the honey bee (Apis mellifera) is the surrogate for many other
non-target insects and insect pollinators. Honey bees are a challenging organism to
study. Typically toxicity testing and risk assessment focus on the individual, but in
the case of honey bees, the colony is the organism. In a large healthy hive, hundreds
of foragers die daily and the death of one is of little importance. As a result, U.S.
EPA currently has a tiered testing approach. Tier 1 testing includes an acute oral
and contact test with young worker bees. Compounds with an LD50< 2 μg a.i./bee
are considered highly toxic to bees and warrant further testing. Tier 2 testing is currently a foliar residue test. The endpoint of this test is a value indicating how long
foliar plant residues are toxic to bees. Tier 3 testing includes either semi-field or
field testing, however, standardized protocols for Tier 3 testing have not yet been established. With the introduction of new plant protection products, changes in agricultural practices, and advances in the science of honey bee biology, the ability to
characterize potential risks to insect pollinators has become inadequate. In January
2011, a SETAC Pellston Workshop was held to assess and advance the state of the
science on pesticide risk assessment for pollinators. The generic problem formulation for pesticide risk to pollinators includes two application strategies, foliar and
application of systemic pesticides to seeds or soil. The new risk assessment paradigm is based on exposure estimates and a tiered toxicity testing system consisting
of the previous tests plus a larval and 10-day chronic adult test, as well as more
structured protocols for semi-field and field testing. California issues include how
ecological risk assessment and risk management are blended. California is currently
reevaluating neonicotinoid insecticide and has a novel interpretation of a pesticide
label based on residual toxicity.
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HONEY BEE FIELD STUDY DESIGN
CONSIDERATIONS AND IMPLICATIONS FOR
STUDIES IN CALIFORNIA.

D. Rogers. Bayer CropScience, Research Triangle Park, NC. Sponsor: K. Steinmetz.
It is common in the pesticide registration and re-registration process to require
honey bee effects testing. Effects studies fall into three categories, i.e. Tier 1 and
Tier 2 (typically laboratory or semi-field studies), and Tier 3 (field studies).
Potential risks identified at Tier 1 and 2, then trigger Tier 3 studies. Field studies are
used to determine if effects occur under actual use conditions, but such studies
must be designed carefully to ensure scientifically valid conclusions. The purpose
and objectives of the study must be clear so that meaningful endpoints can be chosen. The study site must be representative and the surroundings must not compromise the exposure scenario in the study site. The hives must be configured consistently, as sanitary as possible, and bee tight to allow control over the hive entry
points. The colonies must be as healthy as possible, which requires considerable
lead-in time for bee stock production. Staffing is a challenge since stinging incidents are inevitable which can be a serious safety concern. Keeping qualified staff is
essential to consistent observations, continuity of skill sets, and maintenance of
healthy colonies. Satisfying GLP requirements while working in a natural environment is subject to endless variables and requires highly trained personnel. In
California, almond field studies are difficult because the huge number of hives
brought in to pollinate the crop may result in extreme competition among bees for
nectar and pollen resources. The difficulty in finding appropriate sites is further exacerbated by the increasing number of bee studies required for regulatory purposes.
Tier 3 studies generally provide the best representation of effects under real-world
exposure conditions. With the difficulties and expense of conducting field studies,
it is essential that they are well designed and targeted to both the concerns raised in
lower tier studies and the proposed use patterns of the product. Successful studies
ensure that honey bees are adequately protected and that growers have access to the
range of tools required for effective integrated pest management.
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ACETAMINOPHEN-INDUCED CHANGES IN MOUSE
LIVER PROTEIN GLUTATHIONYLATION.

W. F. Salminen, X. Yang, J. Greenhaw, A. A. Ali, Q. Shi, R. D. Beger, L. M.
Pence, Y. Ando and J. Sun. Division of Systems Biology, US FDA National Center
for Toxicological Research, Jefferson, AR.
A large body of research has elucidated various pathways of Acetaminophen
(APAP)-induced hepatocellular injury; however, there are still unknown factors that
play a role in the propagation of injury. The role of protein glutathionylation in
APAP-induced liver injury was investigated in this study. A single oral gavage dose
of 150 or 300 mg/kg APAP in B6C3F1 mice produced increased serum ALT and
AST levels and liver necrosis. APAP produced a more oxidizing state within the
liver based on a decrease in the ratio of reduced to oxidized glutathione. Despite the
increased oxidation state, the level of global protein glutathionylation was decreased
at 1 hour and continued to decline through 24 hours. Immunohistochemical localization of glutathionylated proteins showed a complex dynamic change in the lobule zonation of glutathionylated proteins at both doses of APAP. In control animals,
the single layer of hepatocytes surrounding the central veins had the highest level of
glutathionylation with relatively uniform levels throughout the remainder of the
lobule. At 1 hour after APAP exposure, the level of glutathionylation decreased in
the single layer of hepatocytes around the central veins but increased mildly in the
remaining centrilobular hepatocytes. The areas with increased glutathionylation
also had APAP covalently bound to protein based on immunohistochemical detection. Thereafter, the level of glutathionylation decreased dramatically over time in
the centrilobular regions with major decreases observed at 6 and 24 hours. Despite
the overall decreased glutathionylation, a layer of cells lying between the undamaged periportal region and the damaged centrilobular hepatocytes exhibited high
levels of glutathionylation at 3 and 6 hours in all samples and in some 24 hour samples that had milder injury. These zonal and temporal pattern changes in protein
glutathionylation exposure indicate that protein glutathionylation may play a role
in the pathogenesis of APAP-induced hepatocellular injury.
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FIBRIN(OGEN)-INDEPENDENT ROLE OF
PLASMINOGEN ACTIVATORS IN ACETAMINOPHENINDUCED LIVER INJURY.

B. P. Sullivan, K. M. Kassel and J. P. Luyendyk. Pharmacology, Toxicology and
Therapeutics, University of Kansas Medical Center, Kansas City, KS.
Acetaminophen (APAP)-induced liver injury in mice is associated with deposition
of hepatic fibrin(ogen) (Fbg). Deficiency in the endogenous inhibitor of fibrinolysis, plasminogen activator inhibitor-1 (PAI-1), has been shown to increase APAPinduced liver injury in mice. However, the role of Fbg and fibrinolytic enzymes in
APAP-induced liver injury is not known. We tested the hypothesis that Fbg deposition inhibits APAP-induced liver injury. APAP (300 mg/kg)-induced liver injury in
mice was accompanied by thrombin generation, consumption of plasma Fbg, and
deposition of hepatic fibrin. Neither Fbg depletion with ancrod or complete Fbg
deficiency (Fbg-/-) affected APAP-induced liver injury. PAI-1 deficiency (PAI-1-/-)
increased APAP-induced liver injury and hepatic fibrin deposition 6 hours after
APAP administration, which was followed by marked hemorrhage at 24 hours.
Mirroring PAI-1-/- mice, administration of recombinant human tissue plasminogen activator (tenecteplase, 5 mg/kg) worsened APAP-induced liver injury and
hemorrhage in wild type mice. In contrast, treatment of wild type mice with
tranexamic acid, an inhibitor of plasminogen activation, significantly reduced
APAP-induced liver injury. Of interest, activation of matrix metalloproteinase 9
(MMP-9) in APAP-treated mice was increased in PAI-1-/- and tenecteplase-treated
mice, and was inhibited by tranexamic acid. Taken together, the results indicate
that Fbg does not contribute to APAP-induced liver injury. Rather, the results suggest that plasminogen activation contributes to APAP-induced liver injury, potentially by enhancing liver MMP activity.
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ROLE OF CATHEPSIN B IN ACETAMINOPHEN
HEPATOTOXICITY.

B. L. Woolbright1, A. Ramachandran1, M. Bajt1, J. Lemasters2 and H. Jaeschke1.
1Department of Pharmacology, Toxicology and Therapeutics, Kansas University
Medical Center, Kansas City, KS and 2Department of Biochemistry & Molecular
Biology and Pharmaceutical Sciences, Medical University of South Carolina,
Charleston, SC.
Acetaminophen (APAP) overdose is currently the most frequent cause of drug-induced liver failure in the US. APAP is metabolically activated to the reactive
metabolite NAPQI, which forms protein adducts causing mitochondrial dysfunction, oxidant stress, nuclear DNA fragmentation and oncotic necrosis. Recently, it
was shown that lysosomal iron translocates to the mitochondria after APAP treat-

ment in hepatocytes, and contributes to opening of the mitochondrial membrane
permeability transition pore and collapse of the membrane potential (Kon et al. Tox
Sci 2010 Sep;117(1):101-8).Thus, the purpose of this study was to determine if the
cysteine protease cathepsin B, another potentially damaging lysosomal constituent,
was directly involved in APAP-induced hepatotoxicity. Cathepsin B activity was
measured in subcellular liver fractions of C57Bl/6 mice 6h after 300mg/kg APAP
treatment. There was a significant increase in cytoplasmic cathepsin activity, concurrent with a decrease in microsomal activity, indicative of release of lysosomal
cathepsin B associated with cell death. Cell injury was confirmed by a significant
increase in serum ALT activity and by histology. To investigate its effect on toxicity,
the cathepsin B inhibitor z-FA-FMK (10mg/kg) was given 2h after 600mg/kg
APAP treatment along with either saline, or vehicle control. The cathepsin inhibitor had no significant effect on the increase of serum ALT activities (4720±370
U/L) compared to vehicle-treated controls (3730±350 U/L) at 12h. Histological
evaluation of necrosis (H&E staining) and DNA fragmentation (TUNEL assay)
confirmed these findings. However, cathepsin B activity in the liver was inhibited
by 85% compared to controls. Conclusion: APAP overdose causes lysosomal instability and release of cathepsin B into the cytosol. However, cathepsin B does not
contribute to liver injury under these conditions.
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INTEGRATED TRANSCRIPTOMICS AND
METABOLOMICS APPROACH TO INVESTIGATE
MECHANISM(S) OF ACETAMINOPHEN-INDUCED
HEPATOTOXICITY.

R. D. Beger1, J. Sun1, Y. Ando1, 2, D. Ahlbory-Dieker3, L. K. Schnackenberg1,
X. Yang1, J. Greenhaw1, L. M. Pence1, T. C. Schmitt1, S. Bhattacharyya1, W. F.
Salminen1 and D. L. Mendrick1. 1Division of Systems Biology, NCTR, Jefferson, AR,
2Medicinal Safety Research Labs, Daiichi Sankyo Co., Ltd., Tokyo, Japan and
3Metanomics GmbH, Berlin, Germany.
Overdose of acetaminophen (APAP) frequently leads to acute liver failure associated with hepatic centrilobular necrosis. An integrated transcriptomic and
metabolomics study investigated the mechanism of APAP-induced hepatotoxicity.
Groups of rats (n ≥ 5) were orally gavaged with a single dose of 0.5% methylcellulose (vehicle), 100 mg APAP/kg body weight (LD), or 1250 mg APAP/kg body
weight (HD). Urine and terminal blood were collected at 6 h, 24 h, 72 h and 168
h postdosing. Livers were harvested at sacrifice. UPLC/MS, LC/MS/MS, GC/MS,
and NMR, were utilized to examine metabolic changes in plasma/serum and urine.
Statistical analysis showed that the HD group was most altered at each time point
due to perturbations caused by APAP. A total of 238 compounds were semi-quantitatively detected. Decreases in arginine, potentially from the release of arginase
from hepatic necrosis, had statistically significant correlations with alanine aminotransferase (ALT) and aspartate aminotransferase (AST). Besides arginine, further
metabolites were identified as potential biomarker candidates of APAP-induced hepatotoxicity. Most importantly, metabolomics and transcriptomics data indicated
that oxidative stress, fatty acid metabolism and energy metabolism were significantly disturbed, consistent with previous reports of APAP-induced oxidative stress,
which further causes mitochondrial damage to deplete energy production by inhibition of fatty acid beta-oxidation. This integrated approach led to comprehensive
insights into the mechanisms of APAP-induced hepatotoxicity, a multistage process
involving energy metabolism and oxidative stress perturbations.
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INCREASED SUSCEPTIBILITY OF NATURAL KILLER TCELL DEFICIENT MICE TO ACETAMINOPHENINDUCED LIVER INJURY.

B. Murphy and C. Ju. Skaggs School of Pharmacy and Pharmaceutical Sciences,
University of Colorado Denver Anschutz Medical Campus, Aurora, CO.
The idiosyncratic nature, severity and poor diagnosis of drug-induced liver injury
(DILI) make these reactions a major safety concern during drug development, as
well as the most common cause for the withdrawal of drugs from the pharmaceutical market. Evidence suggests that aside from drug-induced direct damage to hepatocytes, an inflammatory innate immune response is triggered that may contribute
to the overall pathogenesis of liver injury. The specific role that natural killer T
(NKT) cells play in acetaminophen (APAP)-induced liver injury (AILI) remains
the topic of much controversy. CD1d is a major histocompatibility complex
(MHC) class I–related molecule that functions in glycolipid antigen presentation
to the Vα14/Jα18 T cell receptor (TCR) on NKT cells allowing for their activation
and development.
Using two transgenic lines of NKT cell-deficient mice (CD1d-/- and Jα18-/-), we
found that the lack of NKT cells rendered the mice more susceptible to APAP-induced hepatic injury as shown by increased alanine transaminase (ALT) levels and
decreased survivability. Higher levels of APAP-protein adducts were observed in

SOT 2012 ANNUAL MEETING

195

liver homogenates and mitochondrial fractions prepared from APAP-treated NKT
cell-deficient mice compared to WT mice, this appears to be due to the up-regulation of CYP2e1 protein expression and activities in NKT cell-deficient mice following starvation. In addition, starvation led to mitochondrial dysfunction and increased ROS formation in the NKT cell-deficient mice compared to WT. It has
been shown that elevated ketone bodies up-regulate CYP2e1 expression through
protein stabilization. Our data showed that starvation induced a higher increase of
ketone bodies in NKT cell-deficient mice compared to WT mice.
Collectively, our data demonstrate that compared with WT mice, NKT cell-deficient mice are more susceptible to starvation-induced increase of ketone bodies,
which results in increased CYP2e1 protein expression and thus, elevated liver injury
upon APAP-challenge.(R01ES012914, F31DK082269)
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S-NITROSOGLUTATHIONE PROTECTS AGAINST
ACETAMINOPHEN-INDUCED LIVER TOXICITY IN A
MOUSE MODEL.

D. B. Colagiovanni1, C. Scoggin1, P. Bendele2, K. Rothermel2 and G. J.
Rosenthal1. 1Life Sciences, N30 Pharma, Boulder, CO and 2Bolder BioPath, Boulder,
CO.
S-nitrosoglutathione (GSNO) is an endogenous nitrosothiol involved in nitric
oxide (NO) signaling and is the primary source of bioavailable NO in the body.
Unlike other low molecular weight signaling molecules that bind to and activate
target cellular receptors, NO signaling is mediated by covalent conjugation between
NO and transition metals or target cellular proteins, often via S-nitrosylation of
cysteine residues. A number of recent studies suggest that NO metabolism plays a
role in acetaminophen-induced liver toxicity by modulating protein nitrosation and
the redox state of glutathione. By increasing the pool of NO, cell signaling could be
positively altered. Because NO is a labile gas and endogenous levels are difficult to
manipulate, exogenous GSNO could be used as an alternative adjunct therapy with
N-acetylcysteine (NAC) in cases of acute liver toxicity due to acetaminophen
(ACAP) overdose. We sought in the current studies to assess the safety and efficacy
of GSNO with and without NAC in a mouse model of ACAP liver injury. Male
CD-1 mice were given a single oral dose of ACAP and two hours later, dosed intravenously with GSNO, NAC, a combination of GSNO/NAC, or a positive control
(GSH). Treatment was administered again 24 and 48 hours after the initial dose (26
and 50 h post ACAP). Additional control mice were not dosed with ACAP, but received treatment with IV saline (normal controls), GSNO, NAC or GSH only.
Mice were observed for signs of clinical toxicity and blood was collected at 6, 24,
and 72 hours post-ACAP administration for liver function tests, including AST
and ALT. Livers were collected at 72 hours for histopathologic examination. Results
demonstrated a significant beneficial effect with GSNO +/-NAC on the clinical
and histopathological parameters associated with ACAP-induced liver toxicity. No
toxicity was observed in GSNO, NAC or GSH only groups without ACAP administration. The results warrant further examination of GSNO as a potential adjunct
therapy for ACAP overdose.
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Jan1,

PROTECTION AGAINST ACETAMINOPHEN
HEPATOTOXICITY BY SELENOCOMPOUNDS: ROLE
OF THIOREDOXIN REDUCTASE.
Laskin2

Laskin1. 1Environmental

Y.
D. L.
and J. D.
& Occupational
Medicine, University of Medicine and Dentistry of New Jersey, Robert Wood Johnson
2
Medical School, Piscataway, NJ and Pharmacology & Toxicology, Rutgers University,
Piscataway, NJ.
Mammalian thioredoxin reductase (TrxR) is a seleno-containing disulfide reductase
which functions in antioxidant defense and cell growth regulation. We previously
reported that N-acetyl-p-benzoquinone imine (NAPQI), a reactive acetaminophen
metabolite, alkylates the N- and C-terminal redox centers of cytosolic TrxR, a
process leading to enzyme inactivation. In the present studies, we determined if selenocompounds can protect against TrxR inhibition by NAPQI. With purified rat
liver TrxR, NAPQI caused a concentration-, time-, and redox status-dependent inhibition of enzyme activity. Selenocompounds including ebselen (2-phenyl-1,2benzoselenazol-3-one), sodium selenite, aminoethylisoselenourea, and seleno-DLcystine (2-amino-3-[(2-amino-2-carboxyethyl)diselanyl]propanoic acid) were
effective in protecting TrxR against NAPQI-induced enzyme inhibition. In contrast, selenourea and seleno-L-methionine were ineffective. Biotin-conjugated
iodoacetamide (BIAM) is known to selectively react with free selenol groups on
proteins at pH 6.5. NAPQI caused a concentration dependent decrease of BIAM
binding to TrxR; this was abolished by co-incubation with ebselen, sodium selenite,
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aminoethylisoselenourea, and seleno-DL-cystine, indicating that these compounds
can regenerate redox active selenol on proteins. The active selenocompounds also
caused a significant recovery of TrxR enzyme activity, which was inhibited by
NAPQI pretreatment. Taken together, these data demonstrate that selected selenocompounds can protect against NAPQI-induced TrxR inactivation, and this may
be an important mechanism by which selenium protects against acetaminophen hepatotoxicity. Supported by NIH grants GM034310, AR055073, ES004738,
CA132624 and ES05022.
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INHIBITION OF SPLA2 RESCUES MICE FROM A
LETHAL OVERDOSE OF ACETAMINOPHEN.

S. Banerjee1, J. R. Latendresse2 and H. M. Mehendale1. 1Toxicology, University of
Louisiana at Monroe, Monroe, LA and 2Toxicologic Pathology Associates, National
Center for Toxicological Research, Jefferson, AR.
Earlier studies (Bhave et al., Toxicol. Appl. Pharmacol., 228:225-238, 2008) revealed that secretory phospholipase A2 (sPLA2) is a death protein that mediates
progression of liver injury initiated by hepatotoxicants, acetaminophen (APAP),
CCl4, and thioacetamide. If progression of initiated liver injury is indeed mediated
by sPLA2, inhibiting it even after lapse of time should save the mice. We tested this
concept in mice lethally poisoned with APAP (600 mg/kg body weight).
Survival/lethality studies, liver histopathology and plasma biomarkers of liver injury
were assessed. Male Swiss Webster mice (25-30 g) were injected with a lethal dose
of APAP (600 mg/kg, ip, in warm 0.45% NaCl) and then their rescue was attempted with a single injection of sPLA2 inhibitor, 5-(4-benyloxyphenyl)-4S-(7phenylheptanoylamino)pentanoic acid (BPPA, 20 mg/kg, ip) administered at either
2, 4 or 8 h after poisoning. Survival and mortality were recorded four times on day
one and twice daily thereafter through 14 days. Plasma alanine aminotransferase
(ALT), a marker of hepatotoxicity and sPLA2 activity, a marker of progression of
liver injury, were measured on alternate days till day 13. Plasma sPLA2 and ALT activities increased in the mice treated with APAP alone compared to the vehicle controls. Ninety, 70, and 60% of the mice treated with BPPA at 2, 4, or 8 h after the
lethal dose of APAP, respectively, survived. The plasma sPLA2 and ALT activities
peaked on day 1 and declined thereafter to their normal levels in mice treated with
BPPA after poisoning with APAP. Elevated plasma sPLA2 and ALT activities were
lower in mice intervened with BPPA 2, 4 or 8 h after APAP. We conclude that it is
possible to rescue the APAP overdosed mice by intervening with the action of
sPLA2 that mediates the progression of tissue injury. The finding may open up a
new way of saving lives by therapy that can be administered much later after the injury is initiated.
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NOVEL TRANSLATIONAL URINARY BIOMARKERS
FOR ACETAMINOPHEN-INDUCED ACUTE LIVER
INJURY.

F. G. Russel1, R. P. van Swelm1, C. M. Laarakkers2 and R. Masereeuw1.
1Pharmacology and Toxicology, Radboud University Nijmegen Medical Centre,
Nijmegen, Netherlands and 2Laboratory Medicine, Radboud University Nijmegen
Medical Centre, Nijmegen, Netherlands.
Granted by Dutch Top Institute Pharma (D3-201: Towards novel translational
strategies for adverse drug reactions). Introduction: The leading cause of acute liver
injury is drug-induced liver injury (DILI). Currently, there is a lack of adequate
predictive biomarkers for DILI. Here, we describe a translational approach using
proteomic profiling for identification of urinary proteins related to acute liver injury induced by acetaminophen (APAP). Methods: Male FVB mice were given a
single intraperitoneal dose of APAP (0-350 mg/kg bw; n=6-30 per dose), followed
by 24 hour urine collection. Subsequently, animals were sacrificed for collection of
plasma and kidney and liver tissue. Additionally, two urine samples were collected
from a patient with APAP intoxication. Urine samples were profiled using MALDITOF MS. Presence of biomarkers were confirmed in mouse and human urine samples using antibodies. Results: APAP treatment in mice resulted in hepatic necrosis
and a dose-dependent increase in plasma alanine aminotransferase (ALT) levels
(p<0.0001). Proteomic profiling resulted in identification of urinary proteins, such
as superoxide dismutase 1 (SOD1), carbonic anhydrase 3 (CA3), and calmodulin
(CaM), as novel biomarkers for APAP-induced liver injury. Urinary protein levels
of SOD1 and CaM were closely associated with increasing plasma ALT levels
(p<0.001 and p<0.01, respectively). This is in accordance with recent evidence that
SOD1 and CaM mediate early events causing APAP-induced liver injury.
Moreover, hepatic mRNA expression of sod1 and calm2 were significantly decreased with increasing APAP-induced liver injury (p<0.05), probably reflecting a
defense mechanism to prevent aggravation of liver injury. Importantly, we showed

the presence of CA3, SOD1 and CaM in human urine after APAP intoxication.
Principal conclusion: Using this urinary proteomics approach we demonstrate
CA3, SOD1 and CaM as potential translational biomarkers for human APAP-induced liver injury.

925

EFFECTS OF MULTIWALLED CARBON NANOTUBE
COINCUBATION ON VASCULAR REACTIVITY AND
NITRIC OXIDE (NO) AVAILABLILITY.

P. G. Stapleton1, C. R. McBride1, B. T. Chen2, V. Castranova2 and T. R.
Nurkiewicz1. 1Physiology and Pharmacology, West Virginia University, Morgantown,
WV and 2NIOSH, Morgantown, WV.
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SOLUBLE COMPONENTS OF ULTRAFINE
PARTICULATE MATTER INDUCE PRO-COAGULANT
RESPONSES IN ENDOTHELIAL CELLS.

S. J. Snow1, A. Wolberg2 and M. Carraway3. 1Toxicology, University of North
Carolina at Chapel Hill, Chapel Hill, NC, 2Pathology and Laboratory Medicine,
University of North Carolina at Chapel Hill, Chapel Hill, NC and 3Human Studies
Facility, NHEERL, US EPA, Chapel Hill, NC.
The mechanisms that underlie the strong association between particulate matter
(PM) exposure and adverse cardiovascular (CV) health remain unknown but ultrafine (UF) particles are thought to have a particularly important role. UF particles
may not leave the lung to directly mediate adverse CV effects, but their soluble
components could enter the circulation and directly interact with vascular cells. We
examined the hypothesis that the soluble components of UF particles activate proinflammatory and pro-coagulant responses in endothelial cells and thereby lead to a
pro-coagulant phenotype. We exposed human coronary artery endothelial cells
(HCAEC) to the soluble fraction of UF particles at 10, 50, and 100 μg/ml for 2, 4,
6, and 24 hrs and found significantly increased mRNA expression of pro-inflammatory mediators IL-8, IL-1β, GM-CSF, the adhesion protein E-selectin, and the
pro-coagulant protein tissue factor (TF). No significant compensatory changes
were observed in mRNA levels of the anti-coagulant proteins thrombomodulin,
EPCR, and TFPI following exposure, which suggests an imbalance in the tightly
regulated coagulation system. To assess the coagulation balance of the cells, we exposed HCAEC to the soluble components of UF particles and used calibrated automated thrombography to measure their ability to trigger thrombin generation in
normal pooled platelet-free plasma. We found that exposed cells triggered earlier
thrombin generation as shown by a significant decrease in lag time and time to
peak, and that this effect was dose-dependent. These effects were abolished by antiTF antibody, illustrating that the faster onset of thrombin generation was TF-dependent. These PM-induced pro-inflammatory and pro-coagulant changes in endothelial cells resulted in a pro-coagulant phenotype, which provides mechanistic
insight into the enhanced thrombosis and endothelial dysfunction associated with
air pollution exposure and increased risk for adverse CV effects.
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THINKING OUTSIDE THE LUNG: ALTERNATE
ROUTES OF NANOPARTICLE EXPOSURE.

T. R. Nurkiewicz1, P. G. Stapleton1, V. Minarchick1, B. T. Chen2, A.
Cumpston2, W. McKinney2, D. Frazer2 and V. Castranova2. 1Physiology and
Pharmacology, West Virginia University, Morgantown, WV and 2NIOSH,
Morgantown, WV.
Multi-walled carbon nanotubes (MWCNT) are widely used to enhance existing
material properties; however, more recently their potential as a drug delivery mechanism and other biomedical applications has been investigated. Studies have traditionally focused on the lung, but other exposure routes may be equally important in
this regard. Sprague-Dawley rats were exposed to filtered air (control), aerosolized
MWCNT with count mode aerodynamic diameter of 420 nm via a single day 5hour exposure at concentrations of 4.6 ± 0.2 mg/m3 which produced calculated
pulmonary depositions of 20 ± 1 μg. Other rats were gavaged 600 μg/rat in a 300
μl sterile saline suspension with 5% FBS. Coronary arterioles from the left anterior
descending artery distribution and mesenteric arterioles were isolated for reactivity
assessments (~170 μm in diameter) based on responses to transmural pressure and
to increasing concentrations of phenylephrine (PE), acetylcholine (Ach), A23187,
and spermine NONOate (SPR) 24-hours post MWCNT exposure. There were no
significant differences observed between groups or microvascular beds in the endothelium-independent responses to SPR and PE indicating smooth muscle sensitivity to nitric oxide and adrenergic responses were intact in both vascular beds. In
the coronary arterioles, reactivity of the exposure groups were significantly different
than control with respect to the endothelium-dependent reactivity (ACh, A23187,
myogenic response); while, in the mesenteric arterioles ACh and A23187 were significantly different. The gavage and inhalation exposures routes were significantly
different at the highest concentration of ACh and show an upward shift in myogenic responsiveness. These findings indicate that the endothelium-dependent microvascular impairments that follow MWCNT exposure via the gut, are equal to or
greater than those observed in the lung. NIH-RO1-ES015022 and RC1-ES018274
(TRN)and NSF-1003907 (VCM)

Multiwalled carbon nanotubes (MWCNT) are widely used in many fields to enhance existing materials for strength, conduction, and isolation. Most recently,
their potential as a drug delivery mechanism and other biomedical applications has
been investigated. Therefore, the inherent toxicity of MWCNT and their direct effects on microvascular tissue function were investigated. These effects were measured using a water jacketed biosensing chamber containing ISO-NOP NO probes
connected to a free radical analyzer (WPI) to make direct electrochemical NO
measurements. MWCNT in the chamber at concentrations of 100, 50, 25, 10, 5,
and 1 μg/ml attenuated the amount of NO produced by the donor S-Nitroso-NAcetyl-D,L-Penicillamine (SNAP) by 4% ± 1% to 59% ± 6% inhibition of maximal [NO] sensed by the NO probes. This implies MWCNT have the ability to
quench liberated NO. When microvessels isolated from the spinotrapezius muscle
are present, co-incubation with MWCNT (100 μg/ml) leads to a 40% inhibition
of NO signal after stimulation with a bolus dose of the Ca2+ ionophore A23187,
implying a direct effect of MWCNT on the vessels ability to produce NO.
Reactivity of sub-epicardial arterioles isolated from the left anterior descending artery distribution (~170 μm in diameter) was also impaired with MWCNT co-incubation (100 μg/ml) compared to control maximum dilation based on responses
to increasing concentrations of endothelium dependent agonists acetylcholine
(38%± 6%) and A23187 (32%± 6%), indicating endothelium-dependent dilation
(which relies heavily on NO) is altered. Collectively, these data indicate that
MWCNT possess the potential to have a direct effect on liberated NO bioavailablilty and vascular NO production, leading to an impairment in arteriolar reactivity. NIH-RO1-ES015022 and RC1-ES018274 (TRN).
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PULMONARY EXPOSURE TO MULTIWALLED CARBON
NANOTUBES AND C60 FULLERENES ACTIVATE
INDOMETHACIN SENSITIVE CORONARY
CONSTRICTOR RESPONSES TO ENDOTHELIN-1.

L. C. Thompson1, E. E. Mann1, A. Vidanapathirana1, B. S. Harrison3, L. Han4,
A. H. Lewin4, S. Sumner4, T. R. Fennel4, J. M. Brown2 and C. J. Wingard1.
1Physiology, East Carolina University, Greenville, NC, 2Pharmacology & Toxicology,
East Carolina University, Greenville, NC, 3Wake Forest Institute of Regenerative
Medicine, Winston-Salem, NC and 4Discovery Sciences, RTI International, Research
Triangle Park, NC.
The impact of nanomaterials on physiological systems is critical to understand
since their widespread use is increasing risks for exposure. Two of the more commonly used nanomaterials include multiwalled carbon nanotubes (MWCNT) and
C60 fullerenes (C60). We hypothesized that pulmonary exposure to MWCNT or
C60 will induce indomethacin (Indo) sensitive coronary responses to endothelin-1
(ET-1). We exposed male Sprague-Dawley rats to 100 μg of MWCNT or 93.33 μg
of C60, or vehicles via intratracheal aspiration. Hearts were excised 24 hr post installation and segments of the left anterior descending (LAD) coronary artery were
isolated and mounted on a wire myograph. After equilibration, LAD segments were
subjected to cumulative doses of ET-1 ranging from 0.1 nM - 1 μM with or without 10 μM Indomethacin (Indo). Results demonstrate that Indo produces notable
reductions in the magnitude of ET-1 constriction in MWCNT and C60 coronaries
(32.96% and 33.14% respectively) when compared to untreated segments. Vehicle
groups displayed no change in ET-1 response when incubated with 10 μM Indo
(0.68% MWCNT vehicle or 1.22% C60 vehicle). We conclude that coronary responsiveness following pulmonary MWCNT or C60 exposure may be changed in
a manner that could contribute to vascular dysfunction and susceptibility to cardiac
injury. The mechanisms by which Indo sensitivity is induced in our model needs to
be further elucidated in order to understand the extent of vascular injury. This work
is supported by NIH R01 ES016246 (CJW) and U19 ES019525
(JMB/AL/TF/SS/CJW).
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CARDIAC ISCHEMIC/REPERFUSION INJURY
RESPONSE TO INSTILLED C60 FULLERENE.

R. N. Urankar1, R. A. Lust1, A. H. Lewin3, L. Han3, S. Sumner3, T. F.
Fennell3, J. M. Brown2 and C. J. Wingard1. 1Physiology, East Carolina University,
Greenville, NC, 2Phramacology & Toxicology, East Carolina Univeristy, Greenville,
NC and 3Discovery Sciences, RTI International, Research Triangle Park, NC.
Exposure to small size particulate matter in urban air is regarded as a risk factor for
cardiovascular effects, whereas there is little information about the impact on the
cardiovascular system by exposure to pure carbonaceous materials in the nano-size
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range. C60 fullerenes are nano-sized particles with potential for widespread use in
cosmetics, as industrial intermediates and formulation of medicines. This study was
designed to evaluate cardiac ischemia injury following acute pulmonary instillation
of C60 fullerene. Male Sprague Dawley rats were instilled with 0.035mg/kg C60
fullerene suspended in polyvinylpyrrolidone (PVP) and delivered with 200 μl of
normal saline. Control animals were instilled with PVP, and naïve animals did not
receive C60 or PVP. Pulmonary inflammation and cardiac ischemic/reperfusion injury were assessed at 1 day post-instillation. Cardiac ischemia was induced for 20
mins followed by 2 hours of reperfusion (I/R) in situ. Pulmonary response to C60
instillation assessed by BAL protein assay revealed a modest elevation in the protein
concentration for the C60 group at 24 hours post instillation (4% above PVP
group and 13% above the Naïve group). BAL cell differential counts indicated a
minimal inflammation for C60 exposed rats; showing elevated neutrophils,
eosinophils and lymphocytes. The response to I/R injury revealed an expansion of
myocardial infarction for the C60 group (46% as compared to the PVP group at
26% and the naïve group at 22%). Our study indicates that pulmonary instillation
of C60 fullerenes results in increased susceptibility of cardiac tissue to
ischemic/reperfusion injury with minimal pulmonary inflammatory response. Even
though these effects were observed at relatively high doses they may pose a significant risk to the cardiovascular system under stress. This work is supported by NIH
R01 ES016246 (CJW) and U19 ES019525 (JMB/AL/TF/SS/CJW).
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THE EFFECT OF C60 FULLERENE INSTILLATION ON
THE VASCULAR RESPONSES IN PREGNANT SPRAGUE
DAWLEY RATS.

A. K. Vidanapathirana1, L. C. Thompson1, E. E. Mann1, S. Sumner3, L. Han3,
A. H. Lewin3, T. R. Fennell3, J. M. Brown2 and C. J. Wingard1. 1Physiology, East
Carolina University, Greenville, NC, 2Pharmacology & Toxicology, East Carolina
University, Greenville, NC and 3Discovery Sciences, RTI International, Research
Triangle Park, NC.
Pregnancy is a physiological state in which the effects of carbon nanoparticles have
not been extensively investigated. Fullerenes are reported to have both pro-inflammatory and anti-oxidant properties. Inhaled fullerene particles are translocated
through the alveolar capillary membrane to the circulatory system. C60 distributes
into maternal and fetal tissues following intravenous exposure. However, the effect
of these nanoparticles on the vascular responsiveness has not been investigated.
Pregnant Sprague Dawley rats were acutely exposed to C60 at two different gestational periods (14-16 and 17-19 days). C60 particles suspended in polyvinylpyrorrolidone (PVP) saline (93.3μg/kg) or PVP saline alone was administered by intratracheal instillation. The rats were sacrificed 24 hours post-instillation and vascular
responses of thoracic aortic rings, first order mesenteric artery segments and uterine
artery loop segments were assessed. Cumulative dose-response curves were constructed for phenylephrine, acetylcholine, endothelin 1 and serotonin. The effect of
cycloxygenase inhibition was assessed using indomethacin. The dose-response
curves, EC50, and Hill slope values were different for the C60 exposed groups
compared with the control groups. Most striking was a 5mN/mm2 increase in the
maximum stress to phenylephrine in uterine arteries of C60 instilled animals. The
differences were more pronounced for the 17-19 gestational day group. Pulmonary
exposure to C60 during the late stages of pregnancy increases the vasoconstrictor
response of the uterine artery. The alteration of the maternal vascular reactivity to
support fetal growth may be an important target of the inflammatory response associated with the cyclooxygenase signaling. This work is supported by NIH R01
ES016246 (CJW) and U19 ES019525SS (JMB/AL/TF/SS/CJW).
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PULMONARY NANOCERIA EXPOSURE IMPAIRS
CORONARY AND MESENTERIC ARTERIOLAR
REACTIVITY.

V. Minarchick1, P. Stapleton1, D. Porter2, E. Sabolsky3 and T. Nurkiewicz1.
1Center for Cardiovascular and Respiratory Sciences, West Virginia University,
Morgantown, WV, 2National Institute of Occupational Safety and Health,
Morgantown, WV and 3Department of Mechanical Engineering, West Virginia
University, Morgantown, WV.
Ceria oxide (CeO2) is a common fuel catalyst that is present in resultant emissions.
However, the health effects of inhaled nano-CeO2 are unknown. We have shown
that pulmonary CeO2 exposure reduces endothelium-dependent and -independent
arteriolar dilation. However, an effective concentration (EC50) has not been determined. The aim of this study was to determine the EC50 in Sprague-Dawley rats
after nano-CeO2 exposure. Rats were intratracheally instilled with CeO2 at 0, 10,
50, 100, 200, and 400 μg/rat. The CeO2’s primary diameter was ~3 nm (determined via transmission electron microscopy). 24 hours post exposure, the rats were
anesthetized, the heart and mesentery were removed or bronchoalveolar lavage was
performed to assess pulmonary inflammation. Arterioles (<150 μm) were dissected
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and prepared for isolated vessel experiments. Arteriolar reactivity was assessed by
evaluating endothelium-dependent [A23187 (10-9-10-5 M) and acetylcholine
(ACh, 10-9-10-4 M)], and -independent dilation [spermine NONOate (SPR, 10-910-4 M)], vasoconstriction (seratonin, 10-9-10-4 M), and myogenic responsiveness
(0-105 mmHg). In the sham-controls A23187, ACh and SPR caused a dose dependent dilation up to 60, 50, and 70% of the maximum diameter. After CeO2 exposure, this dilation was impaired by up to 75% (A23187), 43% (ACh), and 70%
(SPR). Seratonin treatment produced robust constrictions in both arteriolar beds
and CeO2 exposure did not significantly alter this. Coronary myogenic responsiveness was not altered by CeO2 exposure; whereas it was in mesenteric arterioles from
rats exposed to 50 and 200 μg CeO2. These findings suggest that after CeO2 exposure, arteriolar dysfunction occurs in both microvascular beds studied, but this dysfunction is not identical. Moreover, these alterations in reactivity appear to be different from those observed after other nanoparticle exposures.
NIH-RO1-ES015022 and RC1-ES018274 (TRN), and NSF-1003907 (VCM)
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TELEMETRY-BASED MEASUREMENT OF
SYMPATHETIC NERVE ACTIVITY DURING
PULMONARY NANOPARTICLE EXPOSURE.

T. L. Knuckles, J. Yi and T. Nurkiewicz. Center for Cardiovascular and Respiratory
Sciences, West Virginia University, Morgantown, WV.
We have reported that pulmonary nanoparticle exposure is associated with systemic
microvascular dysfunction. One possible mechanism linking pulmonary nanoparticle exposure to remote microvascular effects is modulation of the influence of autonomic nervous system. Several lines of evidence from heart rate variability and
baroreflex studies following particulate matter exposure suggest an altered sympathetic influence on vascular physiology. Our laboratory has recently reported that
nanoparticle exposure alters microvascular responses to sympathetic nerve stimuli.
Based on these data, we developed a model to record sympathetic nerve activity
(SNA) during nanoparticle inhalation exposure to determine whether or not SNA
is acutely altered. Rats were telemeterized with SNA and blood pressure transmitters to record renal nerve SNA signals and blood pressure from the abdominal
aorta. Following 2 weeks of recovery from surgery and a chamber acclimation period, rats were exposed to either sham filtered air or nano-TiO2 aerosols (13.1
mg/m3, 4 h/day 2 days). 24-hours post-exposure baroreflex sensitivity was determined by i.v. infusion of sodium nitroprusside (SNP; 5-20 μg/kg) or phenylephrine (PE; 1-4 μg/kg). Preliminary results indicate an alteration in heart rate as
well as a greater increase in SNA in exposed compared to control animals (max
ΔSNA 0.3 μV control, 0.9 μV exposed). Furthermore, nano-TiO2 exposure greatly
increased the peripheral pressor response to PE (Δmm Hg 6.8±1.6 control vs.
17.5±3.2 exposed) and the magnitude of the decrease in heart rate (ΔBPM -12±1
control vs. -32±3 exposed). Conversely, nano-TiO2 exposure did not significantly
alter SNP relaxation responses (Δmm Hg -30.3±9.3 control vs. -44.25±1.8 exposed), nor changes in heart rate (ΔBPM 22±9 control vs. 42±14 exposed).
Sympathetic activity has not been directly studied in this field and represents a
largely ignored pathway in the cardiovascular outcomes of particle exposure. NIH
RO1-ES015022, RC1-ES018274 (TRN)
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PROTOTYPE PATHWAY RESEARCH FOR TOXICITY
TESTING IN THE 21ST CENTURY (TT21C)—A CASE
STUDY USING DNA DAMAGE CHARACTERIZATION.

P. L. Carmichael1, Y. Adeleye1, M. E. Andersen2, R. Clewell2, M. Dent1, S.
Malcomber1, A. Scott1, A. White1 and Q. Zhang2. 1Safety & Environmental
Assurance Centre (SEAC), Unilever, Sharnbrook, Bedfordshire, United Kingdom and
2The Hamner Institutes for Health Sciences, Durham, NC.
The NAS/NRC report on TT21C (Krewski et al., 2010) proposes an in vitro based
risk assessment methodology based on toxicity pathway perturbations and human
exposure, rather than apical end points measured in experimental animals. Our two
organizations are exploring the practical application of the NRC recommendations
in relation to safety assessment of ingredients in consumer products. Our first example is for the p53-mdm2 DNA damage/ mutation pathway examining a small
number of compounds with diverse manners of interacting with DNA. Core program elements are (a) exposure and consumer use assessment, (b) rapid, high-content-analysis of in vitro assays in human cell lines (HT-1080 and AHH-1), (c) doseresponse assessments for DNA-damage markers (γH2AX, TP53 and micronuclei),
(d) computational models of the dose-dependencies in the circuitry of the p53mdm2 pathway and (e) pharmacokinetic models supporting in vitro to in vivo extrapolations with specific compounds (e.g. quercetin). The results have been integrated to craft novel risk assessments for the putative ‘genotoxic’ case-study
chemicals with the goal of maintaining exposure below levels causing significant
pathway perturbations. Here we describe our research strategy and present key results from various HCA and flow cytometry based assays, and empirical modelling

to assess non-linear dose response characteristics. This prototype toxicity pathway
research, as it matures, should provide clear support for using TT21C principles in
risk assessment and foster more rapid development of these much-needed methodologies for other toxicity pathways.
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PROFILING DNA DAMAGE PATHWAYS ACTIVATED BY
ETOPOSIDE, METHYLMETHANE SULFONATE, AND
QUERCETIN.

R. A. Clewell1, B. Sun1, A. Thomas1, P. Carmichael2, A. White2, Y. Adeleye2
and M. E. Andersen1. 1Institute for Chemical Safety Science, The Hamner Institutes
for Health Sciences, Research Triangle Park, NC and 2SEAC, Unilever, Colworth,
United Kingdom.
Cells respond to DNA damage by initiating cell cycle arrest, DNA repair and apoptosis, through p53 signaling. How p53 uses different transcriptional and post-translational processes in response to different types of DNA damage is not fully understood. Defining the mechanism of response in relation to dose is an essential step in
the application of computational modeling of toxicity pathways for future risk assessments. The current study used immunoblot, flow cytometry, whole genome
transcriptomics to profile DNA damage response pathways activated by etoposide
(ETP), methylmethane sulfonate (MMS), and quercetin (QUE) in a human cell
line (HT1080) expressing wide-type p53. The chemicals induced comparable levels
of p-p53 (ser15/ser46), ac-p53 (lys382), p-H2AX, p-BRCA1 and total p53 protein.
However, the proteins mediated by p53 showed considerable differences among
chemicals. ETP activated p53 kinase ATM and Chk2 to a greater extent than MMS
or QUE. p53 kinase ATR was not activated with any of the chemicals, and was
down-regulated by QUE. While ETP and MMS induced MDM2 expression,
QUE (30 uM) reduced MDM2. Finally, at concentrations that produced similar
p53 and p-p53 responses, only ETP up-regulated p21 protein. By microarray, all
three chemicals increased both MDM2 and p21 mRNA indicating that QUE and
MMS down-regulate p21 and/or MDM2 possible by reducing protein stability.
QUE, but not MMS or ETP, down-regulated ATR and ATM, which is in agreement with the reduced protein. Our microarray results also showed that several
other p53 responsive pathways were differentially regulated by those chemicals, including cell cycle regulator - cyclin B1, 14-3-3 sigma DNA damage sensor-DBB1,
GADD45, DNA repair genes – XPC and PCNA, and the anti-apoptotic Bcl-2
gene. Together with concurrent dose response studies for micronuclei, cell cycle arrest and apoptosis, we have shown that the p53-mediated cellular response differ
considerably with these three compounds.
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AN ‘OMICS BASED METHOD FOR SENSITIVELY
MEASURING GENOTOXICITY.

S. H. Reed1, M. Bennett1, Y. Teng1, S. Yu1, K. Evans1, R. Waters1 and A.
Higgs2. 1Pathology, Cardiff University, Cardiff, United Kingdom and 2Agilent
Technologies UK Limited, Wokingham, Berskshire, United Kingdom. Sponsor: N.
Skinner.
DNA damage can occur via endogenous and exogenous genotoxic agents and it can
compromise a genome’s integrity. This can be caused by the generation of genetic
mutations that are often associated with disease. Knowing where damage occurs
within a genome is crucial to being able to understand the repair mechanisms that
promote genome stability. Using the genotoxin ultraviolet light as a paradigm for
the induction of DNA damage, we’ve developed a novel microarray-based technology that is capable of sensitively measuring the levels and distribution of DNA
damage and its repair throughout the entire yeast genome. Following the induction
of UV damage, we’ve affinity captured damaged DNA and separated it from undamaged regions of the genome. By hybridizing the captured damaged DNA to
whole genome DNA microarrays, we are able to sensitively measure the levels DNA
damage and their precise location throughout the entire genome. Repeating this
process at various times after the induction of DNA damage permits a sensitive and
high-resolution estimation of DNA repair capacity throughout the genome. Using
chromatin immunoprecipitation on microarrays [ChIP on Chip] we’ve coupled
these DNA damage analyses to an examination of DNA repair protein binding in
response to UV damage and correlated these with UV induced epigenetic changes
in histone acetylation known to be necessary for efficient DNA repair. In doing so
we are developing a system-wide view of how the DNA repair process is organized
within the genome in response to the induction of DNA damage and I will describe
what we’ve learned about the intricacies of this process to date. In partnership with
Agilent Technologies whose microarray platform we use, we are adapting our technique for use in the human context, with the aim of developing an in vitro alternative to existing animal-based genetic toxicology assays. Our aim is to improve genotoxicity testing in humans, as well as elucidating the underlying mechanisms of
genotoxicity.
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COMET ASSAY AND MICRONUCLEUS TEST USING
CHIMERIC MICE WITH HUMANIZED LIVER (PXB
MICE®).

C. Tateno1, 2, Y. Ishida1, 2, M. Kakuni1, M. Fukumuro3, J. Tanaka3, S.
Masumori3, M. Nakajima3 and M. Hayashi3. 1PhoenixBio, Co. Ltd.,
Higashihiroshima, Japan, 2Liver Research Project Center, Hiroshima University,
Hiroshima, Japan and 3Biosafety Research Center, Foods, Drugs and Pesticides, Iwata,
Japan. Sponsor: M. Naya.
Genotoxicity studies have been performed as in vitro screening tests to predict carcinogenesis and genetic disorders in humans. Recently, the comet assay and micronucleus test have been noted for their ability to detect genotoxicity of test compounds and their metabolites in rodents in vivo. However, metabolic activities
differ between humans and rodents. We have developed humanized chimeric mice
(PXB mice®) whose livers are nearly completely repopulated with human hepatocytes. The PXB mouse liver retains human-type metabolic activities such as cytochrome P450, UDP-glucuronosyltransferase, and transporter activities. In the
present study, we performed a comet assay and micronucleus test using PXB mice.
Cryopreserved human hepatocytes (from a 2-year-old African–American boy) were
transplanted into albumin enhancer/promoter-driven urokinase plasminogen activator transgenic/severe combined immunodeficiency disease (uPA/SCID) mice,
and human albumin levels were monitored in the blood to determine the replacement ratio (RI) of human hepatocytes in the mouse liver. Nine-week-old male PXB
mice with >7 mg/ml human albumin in the blood (RI >70%) were orally treated
with a representative carcinogen, N-ethyl-N-nitrosourea, at 6.25, 12.5, or 25
mg/kg body weight daily for 4 weeks. Then, the liver and femur bone marrow were
collected from the tested PXB mice and used for the comet assay and micronucleus
test. The number of positive cells increased dose-dependently in the comet assay
using hepatocytes and in the micronucleus test using bone marrow. We concluded
that PXB mice should be useful for comet assays and micronucleus tests to predict
human genotoxicity in vivo.
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INTEGRATION OF PIG-A GENE MUTATION AND
MICRONUCLEATED RETICULOCYTE ENDPOINTS
INTO 28-DAY REPEAT DOSE RAT STUDIES:
EXPERIENCES WITH SEVEN PROTOTYPICAL
GENOTOXICANTS.

S. Dertinger1, D. Torous1, P. Weller1, S. Phonethepswath1, S. Avlasevich1, J.
Mereness1, J. Bemis1 and J. T. MacGregor2. 1Litron Laboratories, Rochester, NY
and 2Toxicology Consulting Services, Arnold, MD.
Experiments were performed to investigate the feasibility and merits of integrating
two blood-based genetic toxicology endpoints into 28-day repeat treatment rat
studies. For these studies, Sprague Dawley rats were treated for 28 consecutive days
with several doses of 1,3-propane sultone, melphalan, thiotepa, chlorambucil, cyclophosphamide, 2-acetylaminofluorene, or azathioprine. Low volume blood samples were collected before treatment and at several time points after treatment was
initiated. To study induction of gene mutation at the Pig-a locus, flow cytometry
was used to quantify circulating mutant reticulocytes (RETCD59-) and erythrocytes
(RBCCD59-). An immunomagnetic column separation strategy was used to dramatically increase the number of cell equivalents evaluated by flow cytometry. An endpoint of chromosomal damage, peripheral blood micronucleated reticulocyte (MNRET) counts, was also evaluated via flow cytometry. Each chemical was found to
increase the incidence of Pig-a mutant cells and MN-RET in a time- and dose-dependent manner. While MN-RET induction was generally similar early and late in
the treatment schedule (i.e., days 4 and 29), the greatest Pig-a responses were observed at the last or second to last time point evaluated (day 29 or 42). Collectively,
the results demonstrate the feasibility of integrating complementary blood-based
endpoints of mutation and chromosomal damage into repeat dose toxicology studies, and the response profiles that are generated provide valuable information regarding in vivo genotoxic response and mode of action.
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DETECTING GENOTOXIC METABOLITES USING HCSMICRONUCLEUS TEST AND METABOLITE
PROFILING.

P. Walker2, G. Clark2, H. Woodhouse2, A. Kerins2, C. Dilworth2, H. Gill2 and
K. Tsaioun1, 2. 1Apredica, Watertown, MA and 2Cyprotex, Macclesfield, United
Kingdom.
Genotoxicity assays have become an integral part of regulatory requirements, and
genetic toxicity has moved towards earlier stages of drug discovery to identify genotoxicity liabilities sooner to avoid late drug attrition. Moreover, if genotoxicity is attributed to the parent compound in the absence of confirmed reactive metabolites,
this can prolong discovery cycle.
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This study describes the detection and identification of genotoxic metabolites in
the same test compound solution using high-content screening (HCS)-MNT assay
and metabolite profiling (MetID). The assay includes conditions for metabolic activation (using S9) using the cytokinesis-block method and fluorescent dyes, enabling visualization of cells, their nuclei (binucleated), and micro-nucleus (MNs).
The test samples are stored for further analysis using metabolite profiling. The data
analysis and image capture are performed using a VTI-HCS imaging platform and
an automated data analysis package. Once positive, compound metabolites are further identified using a QTRAP 5500 LC-MS/MS.
The advantages of the HCS-MNT-MetID method makes it ideal for early genotoxicity screening, with small amount of compound required, rapid turnaround times,
objective scoring, and metabolite confirmation. Several mutagens were tested showing that this assay can accurately detect micronucleus induction by clastogens (e.g.
mitomycin C), aneugens (e.g. griseofluvine) and indirect clastogens (e.g. cyclophosphamide, benzo[a]pyrene, DMBA). Presented data from metabolic activation of
benzo[a]pyrene show formation of the toxic metabolite benzo[a]pyrene-diol-epoxide, responsible for intercalation in DNA resulting in genotoxicity, confirmed in
the HCS-MNT assay. Such information can distinguish the toxicity associated with
the parent compound from the one associated with the metabolites. With this approach, this information will be available to drug discovery programs early, so costly
mistakes could be avoided, increasing the odds of developing a drug without genotoxicity liability coming from the parent and/or metabolites.
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THE COMET ASSAY USING A RECONSTRUCTED 3D
HUMAN EPIDERMAL SKIN MODEL: EXTENDED DATA
SET TO DEMONSTRATE INTRA- AND INTERLABORATORY REPRODUCIBILITY.

T. Downs1, A. Reus2, K. Reisinger3, C. Krul2 and S. Pfuhler1. 1Procter & Gamble
Co, Cincinnati, OH, 2TNO Quality of Life, Zeist, Netherlands and 3Henkel AG &
Co KgaA, Düsseldorf, Germany. Sponsor: J. Skare.
The European Cosmetic Association (COLIPA) has initiated a multi-laboratory
project to establish and evaluate more predictive in vitro genotoxicity assays using
reconstructed 3D human skin tissues. The 3D reconstructed human skin model,
EpiDermTM, was combined with the micronucleus (MN) and Comet assays for
safety testing because the skin is the first site of contact of many different products,
including cosmetics. Here, we show the data from the Comet assay using a set of
five coded compounds as part of the pre-validation studies. Test compounds were
topically exposed to the tissues for 3h followed by isolation of basal keratinocytes
and assessment of DNA damage. Inter-laboratory reproducibility of the 3D skin
comet assay was initially demonstrated for MMS and 4-NQO and results showed
good concordance among 4 different labs and with in vivo data. In the current project phase, intra- and inter-laboratory reproducibility was investigated with 5 coded
compounds tested at 3 different laboratories. For compounds 2 and 3, all labs
found a dose-related increase in DNA damage in every experiment. For compound
4, the overall result from all labs showed a smaller, but significant genotoxic response. For compound 1, an increase compared to solvent controls was observed
only in one lab. However, the response was not dose-related so compound 1 was
judged negative overall, as was compound 5, which was the only compound showing clear cytotoxic effects. For compound 5, significant DNA damage generally occurred only at doses that showed substantial cytotoxicity (>30% cell loss), and the
overall response was comparable in all labs despite some differences in doses tested.
The results of the collaborative study for the coded compounds were generally reproducible among the laboratories involved and intra-lab reproducibility was also
good. These data indicate that the comet assay in reconstructed 3D skin models is
a relevant model for the safety assessment of chemicals with dermal exposure.
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EVALUATION OF CHEMICALS REQUIRING
METABOLIC ACTIVATION IN A NOVEL 3D HUMAN
RECONSTRUCTED SKIN MICRONUCLEUS (RSMN)
ASSAY.

M. Aardema1, B. Barnett2, G. Mun3, E. Dahl4, R. Curren3, N. Hewitt5 and S.
Pfuhler2. 1Marilyn Aardema Consulting, LLC, Fairfield, OH, 2Procter & Gamble
Company, Cincinnati, OH, 3Institute for Invitro Sciences, Rockville, MD,
4Exponent, Alexandria, VA and 5Nicky Hewitt Scientific Writing Services, Erzhausen,
Germany.
The in vitro human reconstructed skin micronucleus (RSMN) assay in EpiDerm™
is a promising new assay for evaluating genotoxicity of dermally applied chemicals.
A global prevalidation project sponsored by the European cosmetics companies
trade association (COLIPA), and ECVAM, the European Center for Validation of
Alternative Methods, is underway. Results to date demonstrate international interlaboratory and inter-experimental reproducibility of the assay for chemicals that do
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not require metabolism (Aardema et al., Mutat. Res, 701 (2010) 123-131). We
have expanded these studies to investigate chemicals that require metabolic activation: 4-nitroquinoline-n-oxide, cyclophosphamide, dimethylbenzanthracene, dimethylnitrsoamine, dibenzanthracene and benzo(a)pyrene. In this study, the standard protocol of 2 applications over 48h was compared to an extended protocol
involving three applications over 72 h. Extending the treatment period to 72 h
changed the result significantly only for 4NQO which was negative in the standard
48 h dosing regimen, but positive with the 72h treatment. DMBA, and CP were
positive in the standard 48 h assay (CP induced a more reproducible response with
72 h) and BaP gave mixed results; DBA and DMN were negative in both 48 h and
72 h dosing regimens. While further work with chemicals that require metabolism
is needed, it appears that the RMSN assay detects some chemicals that require
metabolic activation (4/6 chemicals were positive in one or both protocols). At this
point in time, for general testing, use of a longer treatment period in situations
where the standard 48 h treatment is negative or questionable is recommended.
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INHIBITION OF THE RHO/ROCK PATHWAY
PREVENTS NEURONAL DEGENERATION IN VITRO
AND IN VIVO FOLLOWING METHYLMERCURY
EXPOSURE.

M. Fujimura1 and F. Usuki2. 1Basic Medical Sciences, National Institute for
Minamata Disease, Minamata, Kumamoto, Japan and 2Clinical Medicine, National
Institute for Minamata Disease, Minamata, Kumamoto, Japan. Sponsor: A.
Naganuma.
Methylmercury (MeHg) is an environmental neurotoxicant which induces neuropathological changes in both the central nervous and peripheral sensory nervous
systems. Our recent study demonstrated that down-regulation of Ras-related C3
botulinum toxin substrate 1 (Rac1), which is known to promote neuritic extension,
preceded MeHg-induced damage in cultured cortical neurons, suggesting that
MeHg-mediated axonal degeneration is due to the disturbance of neuritic extension. Therefore we hypothesized that MeHg-induced axonal degeneration might be
caused by neuritic extension/retraction incoordination. This idea brought our attention to the Ras homolog gene (Rho)/Rho-associated coiled coil-forming protein
kinase (ROCK) pathway because it has been known to be associated with the development of axon and apoptotic neuronal cell death. Here we show that inhibition
of the Rho/ROCK pathway prevents MeHg-intoxication both in vitro and in vivo.
A Rho inhibitor, C3 toxin, and 2 ROCK inhibitors, Fasudil and Y-27632, significantly protected against MeHg-induced axonal degeneration and apoptotic neuronal cell death in cultured cortical neuronal cells exposed to 100 nM MeHg for 3
days. Furthermore, Fasudil partially prevented the loss of large pale neurons in dorsal root ganglia, axonal degeneration in dorsal spinal root nerves, and vacuolar degeneration in the dorsal columns of the spinal cord in MeHg-intoxicated model rats
(20 ppm MeHg in drinking water for 28 days). Hind limb crossing sign, a characteristic MeHg-intoxicated sign, was significantly suppressed in this model. The results suggest that inhibition of the Rho/ROCK pathway rescues MeHg-mediated
neuritic extension/retraction incoordination and is effective for the prevention of
MeHg-induced axonal degeneration and apoptotic neuronal cell death.
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NITROSATIVE STRESS-MEDIATED DEPLETION OF
HIGH-ENERGY PHOSPHATES AND DENDRITIC
DAMAGE IN CARBOFURAN OR DFP-INDUCED
EXCITOTOXICITY: PROTECTION BY NMDA
RECEPTOR ANTAGONIST OR SPIN TRAPPING AGENT.

R. C. Gupta1, S. Zaja-Milatovic2 and D. Milatovic2. 1Toxicology, Murray State
University, Hopkinsville, KY and 2Vanderbilt University Medical Center, Nashville,
TN.
Current evidence suggests that anticholinesterase agents- induced excitotoxicity
and neuronal damage involve both cholinergic and noncholinergic mechanisms.
Male Sprague-Dawley rats intoxicated with a single acute dose of carbofuran (1.25
mg/kg, sc) or DFP (1.25 mg/kg, sc) elicited onset of toxicity within 10 min. Signs
of maximal toxicity were observed within 30 - 60 min and that lasted for about 3 h.
At specified times, following exposure to carbofuran or DFP, brain regions (cortex,
amygdala, and hippocampus) were analyzed for nitric oxide (citrulline as marker)
and high-energy phosphates (HEPs). In controls, the highest values of citrulline
and HEPs were found in amygdala and cortex, respectively. The levels were significantly elevated in all three brain regions in 5 min after carbofuran, and in 15 min
after DFP. With both AChE inhibitors, maximal increases in citrulline (4-7-fold)
occurred at 30 min, while maximal declines in HEPs (ATP, 35-60%; and PCr, 3555%) occurred at 1 h. Among all brain regions, cortex was affected the most.
Quantitative morphometry of hippocampal pyramidal neurons in CA1 sector revealed significant decreases in dendritic lengths and spine density (64% and 60%,

respectively) 1 h post-treatment. Pretreatment of rats with a spin trapping agent
PBN (200 mg/kg, ip) or NMDA receptor antagonist memantine (MEM, 18
mg/kg, sc) + atropine sulfate (16 mg/kg, sc) prevented the increases of citrulline,
declines of HEPs, and changes in the dendritic system. In conclusion, PBN and
MEM protected the rats from nitrosative stress, mitochondrial dysfunction mediated declines in HEPs, and synaptodendritic changes, through multiple mechanisms.
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ADENYLYL CYCLASE INHIBITORS REVERSE THE
NEUROTOXIC EFFECTS OF MANGANESE ON POSTSYNAPTIC DOPAMINE D2 RECEPTORS.

M. Nelson, T. Adams, C. Ojo, M. A. Carroll and E. J. Catapane. Biology,
Medgar Evers College, Brooklyn, NY.
Manganese (Mn) is a neurotoxin causing Manganism, a Parkinsons-like disease.
Mn disrupts dopaminergic neurotransmission. The mechanism is not fully resolved
and thought to be more related to downstream neuronal pathways than deficits in
nigrostriatal function. Lack of effective treatment is an obstacle in clinical management of Manganism. Lateral cilia of gill of Crassostrea virginica are controlled by
serotonergic-dopaminergic innervations from their ganglia. Dopamine (DA) causes
cilio-inhibition, serotonin (HT) cilio-excitation. We showed post-synaptic DA receptors present in gill lateral cells are D2 type G protein-coupled (Gαi/o)
metabotrophic receptors. Gαi inhibits adenylyl cyclase, Gβγ increases K+ channel
conductance and closes Ca2+ channels. We showed Mn blocks cilio-inhibitory effects of DA and Mn exerts its effects by blocking DA post-synaptic receptor. Here
we observed membrane potentials of lateral ciliated cells of C. virginica gill with a
fluorescent dye while measuring cilia beating rates. Applying HT to gill caused prolonged membrane depolarization and increased cilia beating rates. Applying DA to
gill after exciting cilia repolarized the cell membrane and decreased beating rates.
Applying Mn prevented the cilio-inhibitory response and corresponding repolarization. Adding ATP 10-4M) or forskolin (10-6-10-5M), an adenylyl cyclase activator,
to control or Mn treated gill filaments increased beating without changing the
membrane potential. In other experiments applying MDL or SQ, adenylyl cyclase
inhibitors, to controls or Mn treated gill, decreased beating without affecting membrane potential. The study shows a correlation between membrane potential of lateral ciliated cells and beating rates of the cilia. It shows the actions initiated by activation of D2 post-synaptic receptors can be differentiated to effects on adenylyl
cyclase and on membrane channel conductance, and the neurotoxic effects of Mn
can be overcome by application of adenylyl cyclase inhibitors. It helps elucidate the
neurotoxic mechanism of action of Mn.
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TOPICAL PARAOXON TOXICITY REDUCED BY
FULLERENES.

M. Ehrich1, K. Fuhrman1, J. Hinckley1, R. Van Tassell2, Z. Zhou3 and C.
Kepley3. 1Virginia-Maryland Regional College of Veterinary Medicine, Virginia Tech,
Blacksburg, VA, 2Luna Innovations, Blacksburg, VA and 3Luna nanoWorks, Danville,
VA.
A gadolinium-containing C80 TrimetasphereTM fullerene (Gd3N@C80-OH;
GdTMS) and C70-tetraglycolic acid (C70-TGA) were examined for their ability to
protect mice against clinical signs of acetylcholinesterase (AChE) inhibition that
followed topical administration of the organophosphate (OP) paraoxon. GdTMS
or C70-TGA (0.5 – 8 mg/kg) were applied topically or given intraperitoneally (ip)
20 min after topical paraoxon treatment (2 mg/kg in 50% ethanol,10 uL volume).
Clinical signs of OP toxicity were recorded every 10 min for 80 min following
paraoxon treatment, and mice sacrificed at 80 min for determination of acetylcholinsterase (AChE) activities. Clinical effects of paraoxon were seen, but atropine
treatment was not required. These signs included changes in posture, activity, gait,
mobility, and observation of involuntary movements. Time of onset of these signs
was delayed in fullerene-treated mice. Specifically, in paraoxon-treated mice not
given fullerene, mobility was altered in 50% of the mice at the 50 min observation
time. However, in the GdTMS or C70-TGA treated mice observed at that time,
only 17% and 0%, respectively, had altered clinical signs following paraoxon treatment. After 80 min, mobility change was 83%, 50%, and 17% in these groups, respectively. Upon sacrifice 80 min later, improvement in brain AChE activity in
mice given 2 mg/kg topical paraoxon + GdTMS or C70-TGA averaged 10% for
GdTMS whether given by the topical or ip route. Brain AChE improved about
20% following topical C70-TGA, which was greater than the benefit seen with ip
C70-TGA. While further studies are needed to determine optimal routes of
fullerene administration, these experiments suggest fullerenes may be used to counteract toxicities induced by OP compounds. Supported by NIH 1U01NS063723.
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THE ROLE OF ENZYME INDUCTION AND
INHIBITION ON LAMBDA-CYHALOTHRIN
HEPATOTOXICITY.

O. S. El-Tawil4, Y. M. Abd-Elhakim1, A. H. Abou-Hadeed2 and N. I. ElSharkawy3. 1Forensic Medicine and Toxicology, Faculty of Veterinary Medicine,
Zagazig University, Zagazig, Sharkia, Egypt, 2Forensic Medicine and Toxicology,
Faculty of Veterinary Medicine, Zagazig University, Zagazig, Sharkia, Egypt,
3Forensic Medicine and Toxicology, Faculty of Veterinary Medicine, Zagazig
University, Zagazig, Sharkia, Egypt and 4Toxicology and Forensic Medicine, Faculty
of Veterinary Medicine, Cairo University, Cairo, Giza, Egypt. Sponsor: A. Kadry.
The wide use of synthetic pyrethroid insecticides makes them an emerging ecotoxicological concern. Lambda -cyhalothrin (LCT) is a new type II pyrethroid used all
over the world with extensive public and animal health applications. The present
study was planned to investigate the hepatotoxicity of LCT on isolated rat heptocytes. Rat heptocytes were isolated using collagenase two-step perfusion technique
and were incubated with different concentrations of LCT (100, 200, 400 and 800
ng/ml) at different incubation periods (0, 30, 60 and 120min). LCT induced concentration, time dependent cytotoxicity, and oxidative stress on isolated rat heptocytes. Cell viability and hepatic enzyme leakages (LDH, ALT and AST) were used
as indicators of LCT cytotoxicity. However, GSH content and TBARS accumulation were used as indicators of oxidative stress. The role of cytochrome P450 in the
hepatotoxicity of LCT was investigated in fresh hepatocytes isolated either from
Phenobarbital pretreated or control rats, and coincubated with SKF525A.
Pretreatment with Phenobarbital, a well-known cytochrome P450 inducer, strongly
protected the hepatocytes against the LCT-induced loss of cell viability, decreased
enzymes leakage and oxidative stress. Coincubation of the hepatocytes with
SKF525A, a well-known cytochrome P450 inhibitor, substantially potentiated the
effect of LCT on cell viability, enzyme leakage and oxidative stress parameters.
These results suggest that the hepatotoxicity of LCT in primary hepatocytes is concentration and time dependent and LCT toxicity depends on its parent compound.
Also, Phenobarbital could be of therapeutic value.
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STUDY OF BEHAVIORAL AND
NEUROPATHOLOGICAL EFFECTS 3 WEEKS AFTER A
SINGLE DOSE OF ORGANOPHOSPHATE WITH A
SINGLE DOSE OF FULLERENE AS A PROTECTANT.

B. S. Jortner, J. Hinckley, S. Hancock and M. Ehrich. Virginia Tech, Blacksburg,
VA.
The present experiments were done to determine the extent of potential usefulness
of fullerenes against toxicities induced by organophosphorus (OP) compounds.
The OP compound diisopropyl phosphorofluoridate (DFP, 2 mg/kg ip) has been
demonstrated to cause acute clinical detriments in mice, which can be modulated
by co-treatment with gadolinium-containing C80 TrimetasphereTM fullerene
(Gd3N@C80-OH; GdTMS) (SOT 2011 abstract 2576). Because long-term behavioral sequelae of DFP combined with the fullerene treatment are unknown, the
present 3-week study examined effects in mice given single 2 mg/kg ip dose of DFP
alone or in combination with 8 mg/kg ip DFP+GdTMS, along with fullerene and
vehicle controls (n= 9-10/group). In the third week following toxicant/fullerene exposure, the mice were assessed for neurobehavioral deficits using motor activity, rotarod performance, passive and active avoidance, and a modified mouse functional
observational battery. At sacrifice, brain samples were obtained for histopathology
and determination of acetylcholinesterase (AChE) activity. There were no significant differences among the 4 experimental groups using the neurobehavioral tests.
No lesions were noted on microscopic examination of multiple brain levels in any
group. There were no significant differences in AChE activity among the brains of
the four groups, except for a decrease in DFP versus fullerene exposed mice
(p=0.0078). As noted above, while there are neurobehavioral effects seen in mice
shortly after exposure to this dose of DFP (which are modulated by this fullerene),
a 2-3 week post-exposure period eliminates these detriments. Thus potential protection by this fullerene could not be assessed in this longer-term model. Supported
by NIH 1U01NS063723.
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PHARMACOKINETICS OF RESIDUAL
FORMALDEHYDE IN VACCINES FOLLOWING
INTRAMUSCULAR EXPOSURES IN INFANTS.

R. J. Mitkus and M. O. Walderhaug. CBER, US FDA, Rockville, MD.
Formaldehyde is a one-carbon, highly water-soluble aldehyde that is a ubiquitous
component of the environment and is generated endogenously by all cells of the
body as part of normal metabolic processes. Although long-term, inhalation exposure by certain occupational groups is the exposure scenario of greatest concern for
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formaldehyde, other sources of exposure to formaldehyde can include tobacco
smoke, certain cosmetic products, and food and drinking water. Since formaldehyde can also be a component of certain childhood vaccines in which it functions
to inactivate viruses or bacterial toxins, we performed a preliminary safety assessment for formaldehyde that may be found in these vaccines in tiny, residual
amounts of no more than 100 μg per 0.5 mL injection. Using the 2011 American
Academy of Pediatrics immunization schedule along with pharmacokinetic parameters obtained from the biomedical literature, we determined that a single injection
of a vaccine, containing a maximal amount of formaldehyde, into the quadriceps
femoris of infants delivers a median whole-body dose of 29 μg/kg body weight
leading to an internal tissue concentration of 53 μM (1.6 ppm) formaldehyde at
the site of injection (port of entry). This resulting single whole-body dose is 10-fold
lower than the minimal risk level (MRL) established for formaldehyde (300 μg/kg
body weight) based on portal-of-entry effects following repeated short-term oral exposure (ATSDR 1999, 2010). In addition, the resulting local tissue concentration is
2-8 times lower than background levels of formaldehyde that have been measured
in various mammalian tissues (range: 97-420 μM). Given a background concentration of formaldehyde in blood (2-3 ppm) that is already slightly higher than a single unmetabolized tissue dose to muscle from vaccine, detoxification of formaldehyde by glutathione and formaldehyde dehydrogenase in both muscle and plasma,
and the extremely short half-life of formaldehyde in mammalian blood (1-1.5 min),
systemic exposure to small amounts of formaldehyde following vaccination is possible but considered unlikely.
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VITAMIN C MITIGATES SENSORIMOTOR AND
COGNITIVE CHANGES INDUCED BY CHRONIC
CHLORPYRIFOS IN WISTAR RATS.

S. F. Ambali2, 1, M. Shittu1, J. O. Ayo1, S. A. Ojo3 and K. N. Esievo4.
1Veterinary Physiology and Pharmacology, Ahmadu Bello University, Zaria, Kaduna,
Nigeria, 2Veterinary Physiology and Pharmacology, University of Ilorin, Ilorin,
Kwara, Nigeria, 3Veterinary Anatomy, Ahmadu Bello University, Zaria, Kaduna,
Nigeria and 4Veterinary Pathology and Microbiology, Ahmadu Bello University,
Zaria, Kaduna, Nigeria. Sponsor: O. Oladipo.
Studies in animal models and humans have shown that chlorpyrifos (CPF), an
organophosphate insecticide impairs sensorimotor and cognition. The induction of
oxidative stress is one of the mechanisms implicated in CPF neurotoxicity. The
present study evaluated the mitigating effect of vitamin C on sensorimotor and
cognitive changes induced by chronic CPF exposure in male Wistar rats. Twenty
young adult male Wistar rats divided into 4 groups of 5 animals each were used for
this study. Group I (S/oil) was administered soya oil (2 ml/kg) while group II (VC)
was given vitamin C (100 mg/kg) and then supplemented with soya oil (2 ml/kg);
group III was dosed with CPF (10.6 mg/kg~1/8th of the LD50); group IV was pretreated with vitamin C (100 mg/kg) and then exposed to CPF (10.6 mg/kg), 30
min later. The regimens were administered orally by gavage once daily for a period
of 17 weeks. The animals were evaluated for toxic signs and sensorimotor parameters measuring motor and neuromuscular coordination, learning and short-term
memory. The whole brain samples were evaluated for the concentration of malonaldehyde (MDA) and activities of superoxide dismutase (SOD), catalase (CAT),
and AChE. The result showed that vitamin C mitigates sensorimotor and cognitive
deficits induced by chronic CPF exposure in Wistar rats, partly due to its antioxidant and AChE restoration properties.
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CHEMOPREVENTION OF GASTRIC CANCER IN
HELICOBACTER PYLORI-INFECTED MONGOLIAN
GERBILS USING AN NF-κB INHIBITOR (CAFFEIC
ACID PHENETHYL ESTER).

T. Toyoda1, 2, T. Tsukamoto3, S. Takasu1, L. Shi4, Y. Cho1, S. Onami1, M.
Tatematsu5, A. Nishikawa6 and K. Ogawa1. 1Division of Pathology, National
Institute of Health Sciences, Tokyo, Japan, 2Division of Oncological Pathology, Aichi
Cancer Center Research Institute, Nagoya, Japan, 3Department of Pathology, Fujita
Health University School of Medicine, Toyoake, Japan, 4Production and Technology
Center, Mitsui Chemical Inc., Mobara, Japan, 5Japan Bioassay Research Center,
Hadano, Japan and 6Biological Safety Research Center, National Institute of Health
Sciences, Tokyo, Japan.
Nuclear factor-κB (NF-κB) plays important roles in host inflammatory responses
and carcinogenesis. In this study, we investigated the effect of caffeic acid phenethyl
ester (CAPE), a potent NF-κB inhibitor, on Helicobacter pylori (H. pylori)-induced
NF-κB activation in cell culture and chronic gastritis and stomach carcinogenesis in
Mongolian gerbils. In AGS gastric cancer cells, CAPE significantly inhibited H. pylori-stimulated NF-κB activation and mRNA expression of several inflammatory
factors such as TNF-α and IL-8 in a dose-dependent manner, and prevented degradation of IκB-α and phosphorylation of the NF-κB p65 subunit. To examine the
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effects of CAPE on H. pylori-associated gastric disorders, specific pathogen-free
male, 6-week-old Mongolian gerbils were inoculated with H. pylori, administered
10 ppm N-methyl-N-nitrosourea in their drinking water, fed diet containing CAPE
(0-0.1%), and sacrificed after 12 or 52 weeks. Infiltration of neutrophils and
mononuclear cells, translocation of the NF-κB p50 subunit, and phosphorylation
of IκB-α in the gastric mucosa were significantly alleviated by 0.1% CAPE treatment. CAPE also reduced mRNA expression of inflammatory factors including
Tnf-α in the antrum. Furthermore, 0.1% CAPE significantly decreased the incidence of gastric adenocarcinomas (7/26, 26.9%) compared with that in the control
group (29/54, 53.7%). These results suggest that CAPE has chemopreventive effects on H. pylori-associated chronic gastritis and stomach carcinogenesis in
Mongolian gerbils through inhibition of the NF-κB pathway.
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IDENTIFICATION OF CANDIDATE GENES INVOLVED
IN DIFFERENTIAL SUSCEPTIBILITY AND RESPONSE
TO RESPIRATORY SYNCYTIAL VIRUS INFECTION.

J. Ciencewicki1, X. Wang2, J. Marzec1, F. Polack3, D. Bell2 and S. Kleeberger1.
1Laboratory of Respiratory Biology, National Institute of Environmental Health
Sciences, Research Triangle Park, NC, 2Laboratory of Molecular Genetics, National
Institute of Environmental Health Sciences, Research Triangle Park, NC and
3Vanderbilt University, Nashville, TN. Sponsor: D. Harbourt.
Respiratory syncytial virus (RSV) is the primary cause of lower respiratory tract infection during infancy and childhood. Some individuals are highly susceptible to
infection and exhibit more severe symptoms which may result in hospitalization
and sometimes death. We used human lymphoblastoid cell-lines to evaluate interindividual variation in response to RSV, test the role of candidate susceptibility
genes, and identify basal gene expression patterns that predict RSV responsivity.
Significant inter-individual variation in RSV infectivity across multiple cell lines indicated that genetic background is an important determinant of susceptibility to
RSV infection. We then queried databases on human sequence variation and functional annotation for relevant single nucleotide polymorphisms (SNPs) and used to
select HapMap cell lines with particular genotypes of interest. Enhanced viral load
was found in cell lines with a SNP in MX1, which is involved in suppressing viral
replication in infected cells. In a case control study of infants with mild or severe
RSV infection, a positive association was found between individuals that were homozygous for the minor allele of the MX1 SNP and the development of severe RSV
disease. We also developed a model to predict RSV infection using data from individuals in the HapMap collection. Baseline mRNA expression of HapMap individuals from six different microarray data sets were initially assessed for their correlation with viral load. We have identified cell lines (test set) that have similar
expression profiles that will be evaluated for viral loads after RSV infection. Initial
studies indicate ~75% accuracy among additional tested cell lines. This novel cell
model of RSV disease can thus be used translationally to identify functionally relevant candidate susceptibility genes.
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CURCUMIN AND ITS ANALOG INHIBIT COLON
CANCER CELL GROWTH BY INDUCING ROS AND
DOWNREGULATING SPECIFICITY PROTEIN
TRANSCRIPTION FACTORS.

S. Gandhy1, 2 and S. Safe2, 3. 1College of Medicine, Texas A&M Health Science
Center, College Station, TX, 2Institute of Biosciences and Technology, Texas A&M
Health Science Center, Houston, TX and 3Veterinary Physiology and Pharmacology,
Texas A&M University, College Station, TX.
Curcumin (diferuloymethane) is a dietary polyphenolic compound, derived from
turmeric (Curcuma longa), and it has been investigated widely for its anti-oxidative, anti-inflammatory, and antimicrobial properties. Previous studies have shown
that curcumin exhibits potent anticancer activity in bladder, pancreatic, and other
cancer cell lines. This study investigated the effects of curcumin and its synthetic
analog, RL197, in colon cancer cells. Curcumin and RL197 exhibited antiproliferative activity, with RL197 showing at least 5-fold more potency than curcumin.
This growth inhibitory effect was accompanied by decreased expression of Sp1,
Sp3, and Sp4 transcription factors and Sp-regulated gene products. Inhibition of Sp
and Sp-regulated genes was due to mitochondrial disruption, induction of reactive
oxygen species (ROS), an ROS-dependent downregulation of miR-27a, and induction of ZBTB10, a transcriptional repressor regulated by miR-27a, and was readily
reversed by the addition of antioxidants. This indicates that one of the underlying
mechanisms of action of curcumin and its synthetic analog in colon cancer cells is
mitochondriotoxic in nature, resulting in decreased expression of Sp and Sp-regulated genes and ultimately leading to proapoptotic and antiproliferative cellular responses.
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CHARACTERIZATION OF VETERANS’ POISONINGS IN
THE STATE OF FLORIDA.

G. T. Johnson1, J. White1, C. Younger2 and R. D. Harbison1. 1Environmental
and Occupational Health, University of Southern Florida-College of Public Health,
Tampa, FL and 2Florida Poison Control Center, Tampa, FL.
The Florida Poison Information Centers provide emergency department consultation for suspected poisoning cases presenting to hospital emergency rooms, including Veterans Administration (VA) hospitals. The exposures, case demographics,
treatments, and clinical outcomes are recorded for all reported cases. Evidence suggests that veterans may be at increased risk for poisoning. The objective of this
study was to characterize patterns associated with poisonings in veterans presenting
to VA hospital emergency rooms. A total of 601 poisoning cases from 6 VA hospitals in the state of Florida occurring between the years 2005 and 2009 were evaluated .The population was predominately male (88.1%) with a mean age of 51.5
years (STD 13.7 years). Nearly half (46.2%) of all cases were classified as intentional suspected suicide and 87.6% of poisonings occurred in the patient’s residence. Though death was a rare event (2 cases), 37.7% of cases resulted in clinical
outcomes that were considered ‘major’ or ‘moderate’. More than 50% of cases reported a medication as one of the substances implicated in the poisoning. Future
research into poisoning interventions among veterans may focus on patient suicide
risk, medication monitoring, and medication safety education.
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ROLE OF SENSORY TRP CHANNELS IN CUTANEOUS
INJURY BY VESICANTS AND RIOT CONTROL AGENTS.

N. Chintagari1, S. Balakrishna1, B. Bessac2, A. Sui1, M. Brackmann3 and S.
Jordt1. 1Pharmacology, Yale University, New Haven, CT, 2Pharmaceutical Sciences,
Texas A&M Health Science Center, Kingsville, TX and 3Charite School of Medicine,
Berlin, Germany.
Transient Receptor Potential (TRP) channels are non-selective cation channels implicated in chemosensation in sensory neurons and other cells. Recently we identified TRP Ankyrin 1 (TRPA1) as the receptor for riot control agents such as CS or
CN, oxidants and other reactive irritants, mediating pain and acute irritant responses. Previous studies have shown that agonists of TRPV1 diminished cutaneous vesicant injury elicited by chloroethyl-ethyl-sulfide (CEES), an analog of sulfur mustard.
Here, we hypothesized that TRP channels are involved in cutaneous injury and inflammation by vesicants and riot control agents. Vesicant injury by CEES was characterized in the mouse ear vesicant model in C57BL6 wild-type mice and Trpa1-/mice. Application of CEES caused a rapid increase in ear thickness, plasma extravasation and production of inflammatory markers such as MMP-9 and IL-1β.
Edema, extravasation and marker production, at 24h post-injury, were significantly
inhibited by treatment with the TRPA1 antagonists, HC-030031, or A-967079,
administered 1h, 8h and 16h post-exposure. Injury parameters showed no rebound, indicating that additional dosing is not required. Trpa1-/- mice showed exaggerated CEES injury, suggesting that TRPA1 has a protective role in the early
stages of the injury, but fulfills a pro-inflammatory role at a later time. SB-366791,
a TRPV1 antagonist, did not diminish CEES injury parameters.
Application of the riot control agent, CS, caused erythema, plasma extravasation
and expression of inflammatory cytokines (IL1-β and MIP-2) in the mouse ear. A967079, administered 30min and 4h post injury, strongly inhibited CS-induced
extravasation and marker formation. Trpa1-/- mice were protected from CS-induced plasma extravasation, suggesting TRPA1 is directly involved in neurogenic
inflammatory tissue responses.
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A PUTATIVE INTERACTION OF TSPO WITH NADPH
OXIDASE (NOX2) IN PRIMARY MICROGLIA.

M. K. Loth, J. Choi and T. R. Guilarte. Environmental Health Sciences, Columbia
University Mailman School of Public Health, New York, NY.
Translocator Protein 18 kDa (TSPO) is a glial protein that is extensively used as a
biomarker of active brain disease in neurodegenerative conditions and to assess neurotoxicity (Chen & Guilarte, Pharm Ther 118: 1-17, 2008). TSPO ligands (TSPOL) induce cellular functions consistent with microglia activation suggesting an important role in the inflammatory response of the brain to injury (Choi et al., GLIA
59: 219, 2011). Primary microglia exposed to TSPO-L (1-100 nM) induces ROS
production that is abrogated by NOX2 inhibitors. To further elucidate the source
of ROS production induced by TSPO-L, we measured extracellular and intracellular ROS in the presence of the NOX2 inhibitor apocynin and cyclosporin A, a mi-

tochondria permeability transition pore inhibitor. TSPO-L induced ROS production was inhibited by apocynin but not by cyclosporine A suggesting that the source
of ROS production is from NOX2 and not from mitochondria. Co-exposure of
TSPO-L with phorbol-12-myristate 13-acetate (PMA), a NOX2 activator, enhanced ROS production and increased the TSPO percent colocalization with
NOX2 above PMA alone. Thus, PMA-induced activation of NOX2 may modulate
the effects of TSPO-L.
Since activated NOX2 is a plasma membrane protein complex, our findings questioned the subcellular localization of TSPO in microglia as TSPO is traditionally
viewed as a mitochondrial protein. Triple label immunofluorescent confocal imaging of TSPO with the gp91phox subunit of NOX2, and MitoTracker revealed a
high degree of TSPO colocalization with cytosolic and nuclear gp91phox and a
lower degree of colocalization in mitochondria. Colocalization of TSPO with
NOX2 was also observed in brain tissue from Sandhoff disease mice at an age when
the brain is undergoing neurodegeneration. These findings suggest a novel interaction of TSPO with NOX2 in microglia. The results have significant implications
for understanding microglia TSPO biology and for the development of potential
therapeutic strategies for the treatment of neuroinflammation [Supported by grant
ES007062 to TRG].
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NEUREGULIN-1 IS NEUROPROTECTIVE AGAINST
DELAYED NEURONAL INJURY FOLLOWING ACUTE
ORGANOPHOSPHATE INTOXICATION.

D. A. Bruun1, Y. Li2, B. D. Ford2 and P. J. Lein1. 1Molecular Biosciences,
University of California Davis, Davis, CA and 2Neurobiology, Neuroscience Institute,
Morehouse School of Medicine, Atlanta, GA.
Organophosphate (OP) compounds include nerve agents that have been used in
military combat and against civilians by terrorists. OP nerve agents are the most
toxic and rapidly acting of the known chemical warfare agents. Current post-exposure medical countermeasures against OP nerve agents are useful in reducing mortality, but do not sufficiently protect the brain from delayed neuronal injury and
persistent neurological symptoms. In this study, we examined the efficacy of
neuregulin-1 (NRG-1) in protecting against acute intoxication with the OP diisopropylfluorophosphate (DFP). Pretreatment with NRG-1 did not protect against
seizures and mortality in adult male Sprague Dawley rats exposed to DFP (9 mg/kg
BW, i.p.) in the absence of standard antidote. Pretreatment with pyridostigmine
(0.1 mg/kg BW, i.m.) and atropine methylnitrate (20 mg/kg BW, i.m.) increased
survival but did not protect against delayed neuronal injury as determined by extensive FluroJade-B labeling in multiple brain regions at 24 hours post-DFP injection. However, neuronal injury was significantly reduced in most brain regions by
additional pretreatment with NRG-EGF (3.2 μg/kg BW, i.a.) or NRG-GGF2 (48
μg/kg BW, i.a.). NRG-1 also blocked apoptosis and oxidative stress-mediated protein damage in the brains of DFP intoxicated rats. Administration of NRG-1 at 1
hour after DFP injection also provided significant neuroprotection against delayed
neuronal injury. These studies indicate that NRG-1 may represent a novel, potent
neuroprotective strategy that has potential therapeutic value in treating individuals
after exposure to OP nerve agents. These results further indicate that NRG-1 could
be a useful addition to existing antidotal treatment for OP exposure. This research
is supported by the CounterAct program, National Institutes of Health Office of
the Director, Grant # UO1 NS 057993.
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MEMANTINE AND RILUZOLE DO NOT REVERSE THE
NEUROTOXIC EFFECTS RESULTING FROM CHRONIC
EXPOSURE TO DEPLETED URANIUM.

S. M. Lasley, B. L. Hanerhoff and K. Pastucha. Cancer Biology & Pharmacology,
University of Illinois College of Medicine, Peoria, IL.
Continuing concern exists for veterans retaining fragments of depleted uranium
(DU) shrapnel from Gulf War I and the resulting CNS effects. Earlier work
demonstrated that rats exposed to DU for 15-17 months exhibited increases in
evoked extracellular glutamate and NMDA receptor density, and suggested one
basis as increased production of oxygen radicals. The goal of this study was to determine if currently prescribed therapeutic drugs can reverse these actions of
chronic exposure in vivo, and to assess various markers of oxidative stress. Male
Sprague-Dawley rats had 0, 300, or 600 mg of DU pellets implanted intramuscularly at 70 days of age. After 7 months exposure osmotic minipumps were inserted
subcutaneously so as to deliver memantine, riluzole, or the combination for two
months during continuing DU exposure. Animals were sacrificed after 9 months
exposure and the brains harvested. MK-801 receptor binding in frontal cortex was
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increased 83-96% by DU exposure in agreement with previous observations in hippocampus and parietal cortex; memantine and/or riluzole did not eliminate these
changes but caused significant NMDA receptor up-regulation in non-exposed control animals. Cerebellar 8-isoprostane levels exhibited small increases in DU-exposed rats not receiving drugs, but while memantine reduced concentrations of this
lipid peroxidation marker in all groups, it did not reverse the DU effect. This duration of DU exposure did not produce changes in cortical glutamate uptake or in
striatal glutathione peroxidase or cerebellar catalase activities. These findings indicate that the most robust CNS effect of chronic DU is increased access to the
NMDA receptor ion channel. While the basis for this observation is unknown, it is
associated only with modest lipid peroxidation and thus is largely independent of
DU-induced oxidative stress. Furthermore, memantine and/or riluzole were ineffective in attenuating or reversing DU effects established prior to drug administration. (Supported by USAMRMC W81XWH-07-1-0468)
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HYDROGEN-ENRICHED ELECTROLYZED REDUCED
WATER LIMITS THE ACUTE EFFECTS OF SYSTEMIC
INFLAMMATION AND PROMOTES RECOVERY IN
MICE.

L. Hong1, S. Ceccatelli1, S. Shirahata2 and S. Spulber1. 1Department of
Neuroscience, Karolinska Institutet, Stockholm, Sweden and 2Laboratory of Cellular
Regulation Technology, Division of Systems Biology, Kyushu University, Fukuoka,
Japan.
Hydrogen has been shown to have neuroprotective effects in mouse models of acute
neurodegeneration, such as focal cerebral ischemia or MPTP-induced degeneration
of dopaminergic neurons in the substantia nigra. The mechanism was suggested to
be the free-radical scavenger properties of molecular hydrogen administrated either
in the breathing air, or dissolved in the drinking water. The aim of this study was to
test whether chronic administration of hydrogen-enriched electrolyzed reduced
water (ERW) improves the outcome of systemic inflammation. Three month-old
mice were allowed to drink either ERW, or filtered water (FW) for at least 7 days
before starting the experiments. The mice were given a single intraperitoneal injection of LPS (0.3 mg/kg) or an equivalent volume of sterile saline. The passive exploration of a novel environment was assessed 2h after the injection and compared
to baseline levels of activity. The mice were killed 2, 4, 24 or 48h after the injection,
and the expression of pro, and anti-inflammatory cytokines in the hippocampus
was assessed by real-time PCR. We found that the suppression of exploratory behaviour after LPS was less pronounced in mice drinking ERW than in control mice.
The expression of proinflammatory cytokines was induced more robustly in mice
drinking ERW than in control mice at 2 and 4h, but not at later timepoints. We
also assessed the expression of enzymatic antioxidants and found that Nrf2 is upregulated at baseline, and its transcriptional activity is further enhanced in mice
drinking ERW during systemic inflammation. In conclusion, our data indicates
that chronic administration of ERW resulted in an enhanced activity of Nrf2,
which optimized the neuroinflammatory and antioxidant response in the hippocampus during systemic inflammation, thereby limiting the acute behavioural effects and promoting the recovery following a brief episode of systemic inflammation.
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IN VITRO TESTS ON THE ANTITUMOR POTENTIALS
OF EXTRACTS OF CLERODENDRUM VIOLACEUM
LEAF AND COCOS NUCIFERA HUSK FIBRE.

J. O. Adebayo1, E. A. Balogun1, S. O. Malomo1, H. A. Zailani1, A. O.
Soladoye2, L. A. Olatunji2, M. O. Kolawole3, S. O. Oguntoye4, A. S.
Babatunde5, O. B. Akinola6 and A. U. Krettli7. 1Biochemistry, University of Ilorin,
Ilorin, Kwara, Nigeria, 2Physiology, University of Ilorin, Ilorin, Kwara, Nigeria,
3Microbiology, University of Ilorin, Ilorin, Kwara, Nigeria, 4Chemistry, University of
Ilorin, Ilorin, Kwara, Nigeria, 5Hematology, University of Ilorin, Ilorin, Kwara,
Nigeria, 6Anatomy, University of Ilorin, Ilorin, Kwara, Nigeria and 7Laboratorio de
Malaria, Centro de Pesquisas Rene Rachou, Fiocruz, Belo Horizonte MG, Brazil.
Clerodendrum violaceum leaf and Cocos nucifera husk fibre are popular herbal remedies used in Nigeria for the treatment of diverse diseases. In this study, the hexane,
ethylacetate and methanolic fractions of the extracts of C. violaceum leaf and husk
fibre of five Nigerian varieties of C. nucifera were evaluated in a logarithmic dilution (1, 10, 100 and 1000 μg/ml) for their cytotoxic activity against Hep G2 A16
hepatoma cell line (hepatocellular carcinoma cell line) and BGM cell line using the
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay. The
most potent fractions against Hep G2 cell lines were the ethylacetate fractions of
the West African Tall and Hybrid varieties of C. nucifera, and hexane fraction of
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West African Tall variety with MLD50 values of 332.7, 333.0 and 408.0 μg/ml respectively. The various fractions of the extracts were not as toxic to BGM cells as
they were to Hep G2 cells, suggesting that their mechanism of action against cancerous cells may be more specific. C. nucifera husk fibre extracts possessed better
anti-tumor activities than C. violaceum leaf extract. These preliminary results of
this study confirm earlier reports on the anti-tumor activity of C. nucifera husk
fibre and also indicate that other varieties could favourably compare in their cytotoxic potentials with that of the common West African Tall variety. Further studies
are required to isolate the bioactive phytochemicals.
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ORGANIC SOLUTE TRANSPORTER OSTα-OSTβ AS A
POTENTIAL THERAPEUTIC TARGET FOR OBESITY
AND ITS RELATED DISORDERS.

S. Gorman, W. Christian, C. Hammond and N. Ballatori. Environmental
Medicine, University of Rochester School of Medicine, Rochester, NY.
The worldwide obesity epidemic has become a major health concern due to its role
in the development of several related disorders such as dyslipidemia, cardiovascular
disease and the metabolic syndrome. Environmental contaminants have been
thought to contribute to the development of this epidemic, as common toxicants
including phthalates, bisphenol A, and certain classes of pesticides increase susceptibility to obesity. This trend has resulted in a need for pharmaceuticals that aim to
lower serum lipids and fat accumulation. Important regulators of lipid homeostasis
include bile acids, whose major purpose is to emulsify dietary lipids in the small intestine and facilitate their absorption, but also function as signaling molecules that
affect lipid and glucose homeostasis. Our laboratory identified a key transporter involved in intestinal bile acid absorption, Ostα-Ostβ, and generated an Ostα-/mouse in the C57Bl6 background, a strain that is susceptible to age-related obesity.
Interestingly, Ostα-/- mice have decreased bile acid pool size, lower serum cholesterol and triglyceride levels, and increased fecal cholesterol excretion, suggesting
they have altered lipid homeostasis. To examine the suitability of this transporter as
a therapeutic target, the present study examined the relative resistance of Ostα-/mice to the age-related obesity. A comparison of body weights and fat pad weights
of Ostα-/- and wild type mice of different ages revealed that Ostα-/- mice gain less
weight as they age and accumulate less fat. In addition, their hepatic total lipid and
cholesterol levels were lowered. These altered lipid levels were accompanied by increased fecal lipid excretion and altered expression of genes involved in bile acid and
lipid homeostasis. These studies identify Ostα-Ostβ as a potential therapeutic target for the treatment of obesity and related disorders such as dyslipidemia. (This
work was supported in part by NIH Grant DK067214, and NIEHS Training
Grant ES07026 and Center Grant ES01247)
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RESVERATROL REVERSES PULMONARY TOXICITY OF
AMBIENT PARTICULATE MATTER IN FVBN MICE.

C. Chiu1, A. K. Cuevas1, B. Narayanan1, J. Niu2, Q. Qu1 and L. Chen1.
1Environmental Medicine, New York University School of Medicine, Tuxedo, NY and
2Environmental Health, Lanzhou University School of Public Health, Lanzhou,
Gansu, China.
Ambient particulate matter (PM2.5), has been associated with acute and long-term
adverse health effects because of their oxidative and inflammatory potentials.
However, the component of PM and the mechanisms involved remain unknown.
Antioxidant resveratrol has been shown to have anti-inflammatory properties in
PM exposed human bronchial epithelial cells. Previously, we have shown that
PM2.5 induced oxidative stress and inflammatory response in residents of two
Chinese cities, Jinchang (JC) and Zhangye (ZH). PM2.5 concentrations were comparable in these cities, but the levels of Ni, Se, Cu, and As were 76, 25, 17, and 7
fold higher in JC than in ZH, respectively. Therefore, the aim of our study was to
learn more about the components of PM2.5 responsible for pulmonary toxicity and
then to evaluate the effects of resveratrol on PM2.5 toxicity. FVBN male mice were
given an oral dose (50mg/ml) of resveratrol or water, and then received a single aspirated dose (1mg/ml) of PM2.5 from either JC or ZH 24hrs after. To investigate
the components of PM2.5 that drive pulmonary toxicity, a separate group of mice
received a single aspirated dose of ZH spiked with one of the follow elements at the
same concentrations found in the JC, (Ni=4.76; As=2.36; Se=0.24;
Cu=2.43μg/mg) and ZH plus all four components. Inflammatory and lung injury
markers were measured in BALF 24h post-exposure. Protein leakage (38%,
p<0.001) and neutrophil infiltration (58%, p<0.01) were significantly higher in the
JC group than in ZH and control groups. Among all the metals, Ni and Cu induced the highest protein concentration (p<0.001; p<0.05 respectively) compared
to the control. Pre-treatment with resveratrol significantly ameliorated protein leak-

age by 50% in JC (p<0.001) and by 20% in ZH (p<0.05) exposed groups. These
results suggest that pulmonary toxicity by short-term PM exposure were mainly
caused by nickel and dietary intervention by resveratrol may be effective.
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PARAQUAT EXPOSURE INDUCES CYTOTOXICITY
AND SIGNIFICANTLY UP-REGULATES OF NRF2 IN
RAT NEUROBLAST CELLS.

L. Chen, A. Fowler, A. Leung and G. Henderson. Department of Pharmacology &
Neuroscience, Texas Tech University Health Science Center, Lubbock, TX.
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CADMIUM-ZINC INTERACTION, GLYCEMIC
CONTROL, AND PREDICTIVE INDICES OF RENAL
INSUFFICIENCY IN TREATED TYPE-2 DIABETICS IN
NIGERIA.

J. I. Anetor1, E. Ayita1, K. Adedapo1, J. Adeleye2 and A. Iyanda1. 1Chemical
Pathology, University of Ibadan, Ibadan, Oyo, Nigeria and 2Medicine, University of
Ibadan, Ibadan, Oyo, Nigeria. Sponsor: L. Orisakwe.
Cadmium is a major concern not only in environmental toxicology but also in
metabolic disorders such as diabetes mellitus.Conflicting data aside,studies have
not examined a clinical population undergoing management as well as modulation
by the metabolic antagonist of Cd,zinc.Sixty-five subjects;45 type-2 diabetics and
20 non-diabetics;aged 61.51 +/-5.3 yrs were investigated at the University
Hospital,Ibadan.Diabetics were classified into 3 groups based on glycemic control
(using,HbA1C)viz:good control (A),fair control(B)and poor control(C.Levels of
glucose,Cd,zinc and parameters of renal function were determined.Fasting glucose,was higher in diabetics than in non-diabetics (p= 0.000).Cadmium level was
lower in diabetics than in non-diabetics(p= 0.000).In contrast,Zn level was higher
in diabetics than in non-diabetics though not significantly.Zinc was also significantly inversely correlated with Cd(r= -0.317; p<0.014).Cadmium/zinc ratio was
also significantly lower in diabetics than in non-diabetics (p= 0.000. About 44.4%
of the diabetics had good glycemic control and Cd level was lower in this group(A),
24.4% exhibited fairly good control(B) and 31.1% demonstrated poor control(C)
with higher Cd level compared to group A.Renal function revealed that microalbuminuria and albumin/creatinine ratio (ACR) were significantly higher in diabetics
than in non-diabetics and ACR was inversely correlated with Cd.Plasma creatinine
was positively correlated to Cd but not significantly.Urinary creatinine was significantly lower in diabetics than in controls (p <0.017).E-GFR was similar in diabetics and non-diabetics.The lower Cd level in diabetics than in non-diabetics probably reflects the modulating effect of Zn in treated diabetics given nutrition
education embracing good sources of Zn.Renal insufficiency with increasing Cd
level suggests that though Zn may modulate the effect of Cd on glucose homeostasis,the progression of renal impairment may not be responsive to this putative modulating effect of Zn.
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BAX PHOSPHORYLATION AND TRANSLOCATION
AFFECTS CELL DEATH IN THE BRAIN AFTER
NEONATAL HYPOXIA-ISCHEMIA.

S. K. Infante, A. Oberhauser and J. Perez-Polo. University of Texas Medical Branch,
Galveston, TX. Sponsor: J. Ward.
Neonatal hypoxia-ischemia (HI) affects 60% of low birth weight infants and up to
40% of preterm births. Severe cases of HI lead to immediate necrosis of neuronal
cells, and a secondary apoptosis of surrounding cells due to neuronal inflammation.
Our lab has determined that Bax, a cell death signaling protein, is activated after HI
and translocates to the nucleus, mitochondria, and ER and thus affects the cell
death phenotype (necrotic or apoptotic) observed. Using the well-established RiceVannucci in vivo model, as well as an in vitro model of neonatal cerebral HI, we determined whether HI-dependent phosphorylation of Bax determines its multi-organelle localization, and ultimately the cell death phenotype observed. Given that
active Bax is known to oligomerize, we characterized Bax oligomerization via western blot analysis of cortical tissue ipsilateral to the injury using an antibody specific
to phospho-Bax. We quantified the bands that correspond to dimer, tetramer, and
hexameric forms of Bax. Consistent with our previous results, total Bax levels remained constant with no significant increases from 0-48h after HI. We observed a
biphasic reaction to HI, in that there was a significant increase in levels of pBaxThr167 in the nucleus at ½h after HI, and no changes afterward until 6h and
12h, where there was an increase in nuclear and mitochondrial p-BaxThr167 when
compared to shams. There was no significant change in p-Bax levels after 12h HI,
which is consistent with our previous data that shows that Bax activity is an early
event following HI. Additionally, with atomic force microscopy, we were able to visualize the oligomerization of Bax after phosphorylation by JNK. These results indicate that Bax is phosphorylated after HI and that phosphorylation by JNK induces oligomerization of the protein. Understanding the mechanisms of Bax
translocation will aid in the rational design of specified therapeutic strategies which
could potentially involve altering Bax subcellular redistribution to decrease the irreversible trauma resulting from a prolonged inflammatory response.

The herbicide paraquat (1,1′-dimethyl-4,4′-bipyridinium dichloride) is widely
used in agriculture. Numerous reports confirm that paraquat is teratogenic yet the
mechanisms underlying this remain incompletely defined. The pro-oxidant properties of paraquat suggest a potential neuroprotective role for Nrf2, a transcription
factor which controls GSH homeostasis and the following studies address this in a
rat neruoblast line. The objective of this study is to evaluate the effects of paraquat
on neuroblast cytotoxicity and Nrf2 expression. Cytotoxicity was measured by 3-(4,
5-Dimethylthiazol-2-Yl)-2, 5-Diphenyltetrazolium Bromide (MTT) assay and trypan blue exclusion. Nrf2 expression was analyzed by western blot. Rat neuroblast
cells were treated with 5 to 100 μM paraquat for 4, 8, and 24 hours. The inhibitory
effects of paraquat on cell proliferation were dose- and time- dependent (p<0.001).
Significant inhibitory effects were observed at 5-100 μM from 8 to 24 h and at 20100 μM for 24 h (p<0.05). Based these measures, cells were treated with
0,5,10,15,20 μM paraquat at 24 h to evaluate Nrf2 expression. Western blot analysis showed that Nrf2 expression was significantly up-regulated in cells treated with
paraquat at 24h (p=0.003). All together, paraquat can inhibit neuroblast replication
and it up-regulates the Nrf2 expression which might be an important pathway for
moderating paraquat induced cell death. It follows that enhancing this Nrf2 upregulation could mitigate toxic responses to paraquat in these cells.
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THE MICROSTRUCTURE OF SPONTANEOUS
RUNNING REVEALS THE NEUROTOXICITY OF
ADULT-ONSET MEHG EXPOSURE AND PROTECTION
BY NIMODIPINE.

C. Newland and D. Hoffman. Psychology, Auburn University, Auburn, AL.
Spontaneous wheel-running occurs in high-speed bouts separated by intervals of
doing something else or resting. Within-bout rate reflects motor capabilities while
the interval between bouts may reflect motivational variables. Chronic MeHg exposure reduces spontaneous running. We hypothesized that MeHg’s neurotoxicity
will decrease within-bout rates at an early stage of toxicity, and that this measure
will be more sensitive than more global measures, like rotorod testing. We further
hypothesized that nimodipine, an L-type Ca++ blocker that protects against
MeHg’s neurotoxicity in vitro by stabilizing Ca++ concentration in the nerve terminal, would protect against MeHg’s behavioral toxicity. Male BALB/c mice drank
water containing 0 or 15 ppm of Hg (as MeHg) and ate a diet containing 0, 20, or
200 ppm of nimodipine for up to 14 weeks. They ran in a wheel during three-hour
sessions periodically throughout exposure. By monitoring inputs from four magnets spread around the wheel’s circumference, a computer recorded the time required to traverse a set distance (13.96 cm). These interevent times (IETs) were
sorted and plotted as “log-survivor plots” (proportion of IETs vs time) that represented two or three distributions of IETs. (Note that 1/IET represents a rate measure.) Short IETs represent within-bout sprints, medium IETs represent the boutinitiation rate, and very long IETs represent the rate at which bouts of bouts are
initiated. By plotting backward from the time at which an animal was removed
from the study because he could no longer run, or the end of the experiment, we
could compare different endpoints for sensitivity. Within-bout rates declined several weeks earlier (after 10 weeks) and showed less inter-subject variability than rotorod scores. Bout length and bout initiation rates were affected later. Nimodipine
protected against MeHg’s neurotoxicity in a dose-related fashion. The microstructure of running is a sensitive measure that can reveal different aspects of behavioral
toxicity. Supported by NIH ES00329
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SHORT-TERM SMOKE EXPOSURE ENHANCES
ANGIOGENESIS AND BIOMECHANICAL STRENGTH
DURING MOUSE TIBIA FRACTURE HEALING.

M. H. Kung1, 2, C. Xie2, R. J. O’Keefe2 and M. J. Zusck2. 1Environmental
Medicine, University of Rochester, Rochester, NY and 2Orthopedics, University of
Rochester, Rochester, NY.
There is a strong clinical correlation between cigarette smoking and impaired healing of fractures. Understanding this phenomenon is of increasing public health
concern, particularly given the controversial role of nicotine, and the uncertainty
with which clinicians can recommend nicotine replacement therapy as a viable alternative to abstinence. In order to mechanistically investigate this phenomenon,
we sought to establish a model. We utilized an open tibia fracture model, with mice
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exposed to either filtered room air or mainstream cigarette smoke for 3 hours, 5
days per week. The dose was adjusted to generate 300mg/m3 total particulate matter, as measured by gravimetric sampling. This dose has been found to generate
COHb levels of 20% in mice, and to induce emphysematous lung changes. To our
surprise, mice exposed to smoke, while not having major changes in fracture callus
composition by micro-CT, histomorphometry, or qPCR, had enhanced vascularization of the fracture callus by vascular CT, associated with elevated VEGFA expression at days 14, 21 post-fracture. Furthermore, fractures of smoke-exposed
mice had enhanced torsional biomechanical strength. Fractures from mice exposed
to nicotine alone (oral) had similar biomechanical properties, suggesting a role for
nicotine in these effects. We conclude that short-term cigarette smoke exposure enhances fracture repair, associated with increased VEGF-induced angiogenesis that is
likely due to nicotine. This is despite the utilization of an exposure paradigm that is
well-established in the pulmonary field and that has been shown to induce emphysematous changes. We attribute the failure to establish a model of delayed healing
on over-reliance on an established model with insufficient consideration with the
toxicokinetics of smoke constituents, and offer this study as a lesson for those undertaking similar studies.
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THE ARYL HYDROCARBON RECEPTOR (AHR)
CONTRIBUTES TO THE PROLIFERATION OF HUMAN
MEDULLOBLASTOMA CELLS.

D. P. Dever and L. A. Opanashuk. Environmental Medicine, University of Rochester,
Rochester, NY.
The AhR is a ligand-activated member of the basic-helix-loop-helix (bHLH)/PERARNT-SIM (PAS) transcription superfamily that is known to regulate the toxicity
of polyaromatic halogenated hydrocarbon environmental chemicals, most notably
dioxin. However, the AhR has also been implicated in multiple stages of tumorigenesis. Medulloblastoma (MB), a primary cerebellar brain tumor arising in infants
and children, is thought to originate from abnormally proliferating cerebellar granule neuron precursors (GNPs). GNPs express high levels of the aryl hydrocarbon
receptor (AhR) in the external germinal layer of the developing cerebellum.
Moreover, our lab has previously reported that either abnormal activation or deletion of the AhR leads to dysregulation of GNP cell cycle activity and maturation.
These observations led to the hypothesis that the AhR promotes growth in MB.
Therefore, this study evaluated whether AhR serves a pro-proliferative role in an
immortalized MB tumor cell line (DAOY). We produced a stable AhR knockdown
DAOY cell line (AhR shRNA), which exhibited a 70% reduction in AhR protein
levels. Compared to wild type DAOY cells, AhR shRNA DAOY cells displayed an
impaired G1 to S cell cycle transition, decreased DNA synthesis, and reduced proliferation. Furthermore, these cell cycle perturbations were correlated with increased levels of the cell cycle inhibitor p27kip1. Supplementation experiments
with human AhR restored the proliferative activity in AhR shRNA DAOY cells.
Collectively, our data show that the AhR promotes proliferation of MB cells, possibly through a signaling mechanism involving p27kip1, suggesting that this pathway should be considered as a potential therapeutic target for MB treatment.
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RESIDUES REQUIRED FOR FUNCTIONAL
INTERACTION OF THE TWO SUBUNITS OF THE
ORGANIC SOLUTE TRANSPORTER, Ostα-Ostβ

W. V. Christian and N. Ballatori. Environmental Medicine, University of Rochester
School of Medicine, Rochester, NY.
Persistent organic toxicants known as obesogens inappropriately alter lipid homeostasis to promote adipogenesis and lipid accumulation. These xenobiotics are
thought to increase susceptibility to obesity, contributing to the worldwide obesity
epidemic. Consequently, novel anti-dyslipidemia targets are being sought. The organic solute transporter alpha-beta (Ostα-Ostβ), a bile acid and xenobiotic transporter located in the small intestine, participates in the enterohepatic circulation of
bile acids, which are required for intestinal lipid absorption. Through our Ostα-/model, we have shown that this transporter is a modulator of lipid homeostasis, and
therefore may be an ideal therapeutic target against obesity. In order to gather biomolecular information potentially useful for inhibiting this transporter, mutagenesis studies investigated the role of Ostβ in generating transport activity. Ostα and
various Ostβ constructs were expressed in HEK293 cells, and interaction between
the subunits, localization of the resultant complexes, and functional activity was assessed. The results demonstrate that the C-terminus of Ostβ, in particular residues
54-63, is important for establishing the correct topology of the peptide during
translation, which is necessary for functional interaction with Ostα and subsequent
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trafficking of the heteromeric complex to the plasma membrane. Furthermore, mutagenesis of the highly conserved tryptophan-asparagine (WN34-35) sequence at
the predicted start of Ostβ’s TM helix abolished functional activity of the transporter complex. Overall, these studies provide key insights into the structure and
function of the transporter that may be utilized to inhibit Ostα-Ostβ. (This work
is supported in part by NIH Grant DK067214, and NIEHS Training Grant
ES07026 and Center Grant ES01247)
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EFFECTS OF CACHE VALLEY PARTICULATE AIR
POLLUTION ON PULMONARY FUNCTION, AND
DISEASE BIOMARKERS IN HUMAN VOLUNTEERS: A
PRELIMINARY STUDY.

T. Allpress1, N. Hergert1, R. R. Martin2, J. R. Stevens3, J. Davis4, G. S. Yost5,
C. Rice-Deering5, J. M. Veranth5 and R. A. Coulombe1. 1Veterinary Sciences, and
Toxicology Graduate Program, Utah State University, Logan, UT, 2Civil and
Environmental Engineering, Utah State University, Logan, UT, 3Mathematics and
Statistics, Utah State University, Logan, UT, 4Student Health Center, Utah State
University, Logan, UT and 5Pharmacology and Toxicology, University of Utah, Salt
Lake City, UT.
Some of the worst particulate air pollution ever measured in the United States regularly occurs during winter inversions in the Cache Valley of Northern Utah. We
have shown that Cache Valley PM2.5 (CVPM) induces pro-inflammatory interleukins, C-reactive protein (CRP), and post-translational modifications associated
with ER stress, and the unfolded protein response in vitro. In this preliminary
study, we sought to determine whether exposure to ambient CVPM would alter
pulmonary function, and serum biomarkers of cardiopulmonary inflammation in
in young, healthy human volunteers (age 18-35 years; n=38) during each of three
periods of pre-inversion baseline (PM2.5 < 35 μg/m3), inversion (PM2.5 > 35
μg/m3) and post-inversion periods. There were significant CVPM-associated decreases in both forced vital lung capacity (FVC) and in forced expiratory volume in
the first second (FEV1) during unhealthy air days compared to both pre-inversion
baseline and post-inversion periods, and a decline, though not statistically significant, in FEV1/FVC ratio between unhealthy air and healthy air recovery days.
Serum IL-6, IL-8, and IL-12 all showed significantly elevated levels in subjects selfreporting to be sick during inversion periods compared to pre- and post-inversions;
these differences were not observed in healthy subjects. While these results were obtained from a limited sample population, the data provide further evidence that adverse health effects are associated with exposure to CVPM, and provide compelling
justification for further study. Supported in part by the Marriner S. Eccles
Foundation.
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ANALYTICAL APPLICATIONS OF FOURIER
TRANSFORM-INFRARED (FT-IR) SPECTROSCOPY IN
THE CHARACTERIZATION OF CANDIDA.

R. M. Baldiris1, C. Torres2, D. Aparicio2, D. Duarte2 and J. Mercado1.
1University of Cartagena, Cartagena, Colombia and 2University Corporation Rafael
Nuñez, Cartagena, Colombia.
Fourier-transform infrared (FT-IR) spectroscopy is known as a high resolution
method for the rapid typing of pure cultures of microorganisms, is used as a wholeorganism fingerprinting technique since it reflects the bio-chemical composition of
intact cells. Through the use of infrared spectroscopy was possible to make a no
subjective classification clinically relevant on a series of species of Candida evaluated in the present study, in this way was possible to corroborate some data values
obtained in other previously studies. The differentiation capacity of the FT-IR microscopic technique was tested for twenty-eight strains. Candida sp. were cultured
on Sabouraud chloramphenicol agar at 37C for 24 h. 4 mg of each sample
lyophilized was mixed with 100 mg potassium bromide (KBr). A Shimadzu 8400S
FT-IR spectrometer was used, pellets were scanned at 6 cm-1 resolution in the spectral range of 4000-500 cm-1. Cluster and factor analysis methods were used to evaluate the complex spectral data. Excellent discrimination between yeasts and bacteria, and at the same time Gram-negative and Gram-positive bacterial strains was
also obtained. Twenty-four selected strains of different species within the genus
Candida were repetitively measured and could be grouped into correct species cluster. By exploiting the huge discriminating capacity of this technique, we identified
6 species yeasts (Candida albicans, Candida tropicalis, Candida parapsilosis,
Candida krusei, Candida guillermondi and Candida lusitaniae) and from a collection of clinical strains of Candida, isolated from vaginal secretion. Our results
clearly show the efficiency and the robustness of FTIR spectroscopy in identifying
species with a classification rate of 100% for pure 24-h cultures. FTIR spectroscopy
is thus a promising clinical approach, because compared to conventional and molecular techniques, it is time and money saving, has great determination and discriminating potentials, and is amenable to an automated high-throughput routine
system.
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A WATER-DAMAGED HOME AND HEALTH OF
OCCUPANTS: A CASE STUDY.

J. D. Thrasher1, M. R. Gray2, K. H. Kilburn3, D. P. Dennis4 and A. Yu5.
1Private Consultant, Citrus Heights, CA, 2Progressive Health Care, Benson, AZ,
3Neurotest, Inc., Pasadena, CA, 4Center for ENT and Facial Plastic Surgery, Atlanta,
GA and 5Compliance Solution, Honolulu, HI.
A family of five and pet dog who rented a water-damaged home and developed
multiple health problems are presented. The home was analyzed for species of mold
and bacteria. The diagnostics included MRI for chronic sinusitis with ENT evaluation and sinus surgery, and neurological testing for CNS complaints.. Bulk samples
from the home, tissue samples from the sinuses, urine, nasal secretions, placenta,
umbilical cord and breast milk were tested for the presence of macrocyclic trichothecenes, aflatoxins and ochratoxin A. The family had the following diagnosed
conditions: chronic sinusitis, neurological deficits, coughing with wheeze, nose
bleeds, fatigue among others. An infant was born with a total body flare and developed multiple Cafe-au-Lait pigmented skin spots. The mycotoxins were detected in
bulk samples as well as body fluid (urine, and nasal secretions) as well as in the
breast milk, placenta and umbilical cord. Pseudomonas aueroginosa, Acinetobacter,
Penicillium and Aspergillus fumigatus were cultured from nasal secretions from the
father and daughter. RT-PCR revealed A. fumigatus DNA in sinus tissues of the
daughter. Finally, the dog developed approximately 72 skin (sebaceous glands and
lipomas) from which trichothecenes and ochratoxin A were detected. The identified mold and bacteria as well as the health of the family are discussed in relation to
the most recent published literature regarding microbial contamination and toxic
by-products present in water-damage.
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THE EFFECTS OF GREEN TEA POLYPHENOLS ON
OBESITY-RELATED GENES IN LONG-TERM HIGH-FAT
DIET-INDUCED OBESE RATS.

C. Lu1, C. Shen2 and W. Gao1. 1Department of Environmental Toxicology, TIEHH,
Lubbock, TX and 2Department of Pathology, Texas Tech University Health Sciences
Center, Lubbock, TX.
We and others have reported the protective effect of green tea polyphenols (GTPs)
against obesity and obesity-related effects on bone health. However, the mechanism
of this GTPs- mediated protection is not clear. Therefore, the objective of this study
was to identify GTPs-targeted genes in obesity pathways. Thirty-six three-monthold SD female rats were fed either a low-fat (LF, 10% energy as fat) diet or a highfat (HF, 45% energy as fat) diet at libitum for four months. Animals in the LF diet
group continued in a LF diet for additional four months, while those in the HF diet
group were divided into two groups: with or without GTP (0.5% wt/vol) in drinking water, in addition to a HF diet for another four months. The total RNA from
liver samples was extracted for the gene expression analysis. A total of eighty-four
genes related to obesity pathways are analyzed by using PCR array. These genes are
mainly involved in three major functions, including orexigenic genes, anorectic
genes, and genes related to energy expenditure. Compared to the rats in the LF diet
(LF group), the rats in the HF diet (HF group) had decreased expression levels of
seven genes such as adenylate cyclase activating polypeptide 1 receptor type 1,
growth hormone receptor, and leptin receptor (the obesity-related receptors) and
increased that of interleukin-1 beta (a mediator of obesity associated inflammation). Supplementation of GTP in the drinking water for four months reversed the
gene expression levels of these eight genes in the high-fat induced obese rats. The
protein expression level of IL-1β in the serum samples from the LF, HF, HF + GTP
groups confirmed the results of gene expression. This study further confirms the
beneficial effects of GTP supplementation on body weight and composition via
regulating the expression of obesity-related genes and anti-inflammation actions in
the model of high-fat-induced obese rats.
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PHENOTYPING CHARACTERIZATION OF A MOUSE
MODEL FOR MYELOPROLIFERATIVE DISORDERS
WITH JAK2 V617F (C57BL/6J N2) ALLELE.

P. Colombo1, U. Bonfanti1, G. Texido2, E. Pesenti2, P. Gnocchi2, A. Giusti1
and M. Germani1. 1Preclinical Development, Accelera Srl, Nerviano Milano, Italy
and 2Pharmacology & Cell Biology/Oncology, Nerviano Medical Sciences Srl,
Nerviano Milano, Italy.
An acquired somatic mutation in the JAK2 gene (V617F) is identified in a significant proportion of patients with myeloproliferative disorders (MPDs), mainly polycythemia vera (PV), essential thrombocytemia (ET) and primary myelofibrosis
(PM). Objective of the study was to evaluate some hematological abnormalities in a
Vav-Jak2V617F TM model, studying the progression of the disease over time in

transgenic mice compared to their non-transgenic control littermates. 17 VavJak2V617F TM and 22 non-transgenic controls were sampled, obtaining EDTA
whole blood. Samples from each animal were analyzed with ADVIA 120 hematology analyzer at four different sampling times within 28 weeks. The following parameters were considered: RBC, Hgb, HCT, MCV, MCH, MCHC, RDW, HDW,
Platelets, MPV, PCT, PDW, total WBC and differential count, MPC, PCDW,
MPM, PMDW, large platelets, clumps count, RBC fragments and ghosts. P values
were reported as the result of comparison between transgenic and non transgenic
groups of mice. RBC, RDW, HDW, MCV, MPM, PMDW and large platelets of
TM (both sexes) showed differences statistically significant in every group of age,
compared to controls, being RBC, RDW, HDW, MPM, PMDW, large platelets
higher, and MCV lower than controls. Hgb, HCT, PLT and PCT were higher and
statistically different in every group of age in TM females. White blood cells
showed differences statistically significant only occasionally in few groups of age.
Exogenous expression of this mutation in vivo induced diseases with features similar to human PV and ET. The main phenotypes observed consisted in an increase in
the RBC and PLT number, together with an increase in large platelets, as described
in humans with this class of spontaneous diseases. We can conclude that our data
provided unequivocal evidence that Jak2V617F is able to cause MPDs, and that
our mouse model can be considered stable in the timeframe examined for most of
the relevant parameters.
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PHARMACOKINETICS (PK) OF ARYLSUFATASE A (ASA)
AND IDURSULFASE (IS2) IN CEROBROSPINAL FLUID
(CSF) OF CYNOMOLGUS MONKEYS AFTER
INTRATHECAL (IT) ADMINISTRATION.

T. G. McCauley1, C. Jomphe2, J. Marier2, P. Calias1, B. Boyd3 and M.
Beliveau2. 1Shire Human Genetic Therapies, Lexington, MA, 2Pharsight Consulting
Services, Pharsight Corporation, Montreal, QC, Canada and 3Northern Biomedical
Research, Muskegon, MI.
Formulations of ASA and IS2 derived from human cells have been developed for
direct central nervous system (CNS) delivery as enzyme replacement therapies
(ERTs) for Hunter syndrome and other lysosomal storage diseases. Previous studies
suggest that a direct administration to the CNS via the IT space of the spinal canal
may be a relatively safe and effective method for delivery of ERTs. The objective
this study was to evaluate the PK of ASA and IS2 in CSF after IT administration to
cynomolgus monkeys. Therefore, a total of twelve male and twelve female monkeys
with IT-lumbar (IT-L) and IT-cisterna magna (IT-CM) catheters were randomly assigned into four treatment groups for IS2 administration (IV = 0.5 mg/kg and IT =
1, 10 and 30 mg) and ASA administration (IV = 1 mg/kg and IT = 1.8, 6 and 10
mg). CSF samples were collected at specified intervals post dosing after the administration of each enzyme treatment for PK analysis. Various compartmental models
were constructed using a population approach and their respective ability to fit CSF
concentration of ASA and IS2 following IT-L administration was evaluated using a
standard model discrimination process including statistical criteria as well as pertinent graphical representations of goodness-of-fit. Concentrations in the CSF both
ASA and IS2 following IT administration were well characterized by a 3-compartment model. Compartmental PK parameters in CSF were derived for ASA
(VssCSF = 16.9 mL and CLCSF = 0.973 mL/h) and IS2 (VssCSF = 10.5 mL and
CLCSF = 1.22 mL/h). Volume of distribution (Vss) of ASA and IS2 were close to
the CSF total volume reported in the literature. Total exposure in CSF predicted
with the model across doses levels for ASA (range: 567204 to 4098954 ng.h/mL)
and IS2 (range: 278103 to 16485500 ng.h/mL) will be used to perform exposureresponse analyses in monkeys and ultimately scale PK and PD in humans.
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PHARMACOKINETICS (PK) OF ARYLSUFATASE A (ASA)
AND (IS2) IDURSULFASE IN SERUM OF
CYNOMOLGUS MONKEYS AFTER INTRAVENOUS (IV)
ADMINISTRATION.

C. Jomphe1, J. F. Marier1, T. G. McCauley2, P. Calias2, B. Boyd3 and M.
Beliveau1. 1Pharsight Consulting Services, Pharsight Corporation, Montreal, QC,
Canada, 2Shire Human Genetic Therapies, Lexington, MA and 3Northern
Biomedical Research, Montreal, MI.
Formulations of ASA and Idursulfase IS2 derived from human cells have been developed for direct central nervous system (CNS) delivery as enzyme replacement
therapies (ERTs) for Hunter syndrome and other lysosomal storage diseases.
Previous studies suggest that a direct administration to the CNS via the IT space of
the spinal canal may be a relatively safe and effective method for delivery of ERTs.
The objective this study was to evaluate the systemic (SYS) PK of ASA and IS2 in
serum after IV dose to cynomolgus monkeys. Therefore, a total of 12 male and 12
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female monkeys were randomly assigned into four treatment groups for IS2 administration (IV = 0.5 mg/kg and IT = 1, 10 and 30 mg) and ASA administration (IV
= 1 mg/kg and IT = 1.8, 6 and 10 mg). Serum samples were collected at specified
intervals post dosing after the administration of each enzyme treatment for PK
analysis. Various compartmental models were constructed using a population approach and their respective ability to fit serum concentration of ASA and IS2 following IV administration was evaluated using a standard model discrimination
process including statistical criteria as well as pertinent graphical representations of
goodness-of-fit. Concentrations in serum for both ASA and IS2 following IV administration were well characterized by a 2-compartment model. Compartmental
PK parameters were derived for serum ASA (Vss = 1432 mL, CL = 253 mL/h and
CLd= 509 mL/h) and serum IS2 (Vss = 409 mL and CL = 149 mL/h). Total volume of distribution of ASA and IS2 in serum is greater than plasma volume (~224
mL) but lower than total body water (~3465 mL/kg) in monkeys, suggesting distribution to peripheral tissues and organs such as the CNS. Total exposure ASA and
IS2 in serum were 10505 and 8671 ng.h/mL, respectively. The above model will be
used to perform exposure-response analysis in monkeys and ultimately scale the PK
of ASA and IS2 to humans.

cynomolgus monkeys. A total of twelve male and twelve female cynomolgus monkeys with IT-lumbar (IT-L) and IT-cisterna magna (IT-CM) catheters were randomly assigned into four treatment groups for IS2 administration (IV = 0.5 mg/kg
and IT = 1, 10 and 30 mg). CSF samples were collected at specified intervals post
dosing and were analyzed to determine the PK of IS2 as well as PD activity which
was measured using enzymatic activity. The relationship between IS2 concentration
and activity was assessed using a linear regression on log-transformed values where
the relationship between IS2 concentration and activity measured in CSF was explained with the following power model: ActivityIS2 = b x CIS2m, where “b” is the
intercept (~1.3) and “m” is the slope (~0.92). As a result, the PK/PD relationship of
IS2 was deemed linear over the dose range (slope was close to 1), suggesting a very
rapid equilibrium between CSF concentration and observed activity. A similar relationship between serum PK and activity was also observed, suggesting that serum
can be sampled clinically. CSF or serum concentrations of IS2 can be used as a surrogate marker of activity to demonstrate the feasibility of constructing exposure-response relationships in animals and ultimately extrapolated to humans.
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SYTEMIC AND CENTRAL NERVOUS SYSTEM (CNS)
DISTRIBUTION OF ARYLSUFATASE A (ASA) AND
IDURSULFASE (IS2) IN CYNOMOLGUS MONKEYS
AFTER INTRATHECAL (IT) AND INTRAVENOUS (IV)
ADMINISTRATION.

M. Beliveau1, C. Jomphe1, J. F. Marier1, P. Calias2, B. Boyd3 and T. G.
McCauley2. 1Pharsight Consulting Services, Pharsight Corporation, Montreal, QC,
Canada, 2Shire Human Genetic Therapies, Lexington, MA and 3Northern
Biomedical Research, Muskegon, MI.
Formulations of ASA and IS2 derived from human cells have been developed for
direct CNS delivery as enzyme replacement therapies (ERTs) for Hunter syndrome
and other lysosomal storage diseases. Previous studies suggest that a direct administration to the CNS via the IT space of the spinal canal may be a relatively safe and
effective method for delivery of ERTs. The objective this study was to evaluate the
systemic (SYS) PK of ASA and IS2 in monkey serum after IT dosing and the CNS
PK of ASA and IS2 in cerebro-spinal fluid (CSF) after IV dosing in order to evaluate the intercompartmental relationship between the CSF and SYS spaces.
Therefore, a total of 12 male and 12 female monkeys with IT-lumbar (IT-L) and
IT-cisterna magna (IT-CM) catheters were randomly assigned into four treatment
groups for IS2 administration (IV = 0.5 mg/kg and IT = 1, 10 and 30 mg) and ASA
administration (IV = 1 mg/kg and IT = 1.8, 6 and 10 mg). Serum and CSF samples
were collected at specified intervals post dosing after the administration of each enzyme treatment for PK analysis. Available serum (2-compartment) and CSF (3compartment) models were interlinked to determine the intercompartmental transfer rate constants. The transfer rate constants from serum to CSF (KIN) for ASA
and IS2 were 0.258 and 0.00489 h-1, respectively. The transfer rate constants from
CSF to serum (KOUT) for ASA and IS2 and were 0.779 and 0.374 h-1, respectively. Overall, ASA and IS2 enzymes displayed similar intercompartmental distribution, but presented some differences regarding the rate and extent of distribution
between CSF and serum. As expected, transfer from serum to CSF was the ratelimiting process, with an equilibration half-life of ~3 hours. The above semi-physiological model will be used to perform exposure-response analysis and ultimately
scale the PK of ASA and IS2 in serum and CSF to humans.

2-AMINOPURINE MODIFIED COCAINE APTAMER
WITH IMPROVED AFFINITY FOR USE IN
FLUORESCENCE-BASED HOMOGENEOUS ASSAYS TO
DETECT COCAINE.

A. Sachan1, M. W. Thompson2, M. H. Lamm2 and M. Nilsen-Hamilton1.
1Department of Biochemistry, Biophysics and Molecular Biology, Interdepartmental
Toxicology Program, Iowa State University, Ames, IA and 2Department of Chemical
and Biological Engineering, Iowa State University, Ames, IA. Sponsor: A.
Kanthasamy.
The abuse of cocaine costs the economy billions of dollars and its illicit use remains
a major challenge for public health authorities and law enforcement agencies. There
is a need to develop improved, simple, portable, low cost aptamer-based sensors for
specific, sensitive, rapid and real time detection of cocaine in solution and unprocessed samples. Synthetic oligonucleotide aptamers recognize virtually any class
of target molecule with high affinity and specificity. Here we report a 2-amino
purine (2-AP)-modified cocaine aptamer with increased affinity for cocaine compared with other reported cocaine aptamers. Atomistic molecular simulations of the
aptamer-ligand interaction are underway to elucidate the molecular recognition
process and to identify possible explanations for the increased cocaine affinity with
2-AP modification. Thermodynamic evaluations by isothermal titration calorimetry and fluorescence quenching were used to evaluate a series of 2-AP-modified cocaine aptamers to identify that with the highest affinity for cocaine. The aptamer
with the highest affinity was used to develop a fluorescence-based homogenous
assay to detect cocaine. The limits of aptamer functionality in undiluted and unprocessed biological fluids such as blood serum, saliva and urine will be reported.
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POTENTIAL PATHWAYS UNDERLYING THE
SUSPECTED INVOLVEMENT OF THE
CYANOBACTERIAL NEUROTOXIN BMAA IN THE
AETIOLOGY OF THE NEURODEGENERATIVE DISEASE
ALS/PDC.

O. Okle and D. R. Dietrich. Human & Environmental Toxicology, University of
Konstanz, Konstanz, Germany.
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PHARMACOKINETIC AND PHARMACODYNAMIC
(PK/PD) CORRELATION OF IDURSULFASE IN
CEREBROSPINAL FLUID (CSF) OF CYNOMOLGUS
MONKEYS AFTER INTRATHECAL (IT) AND
INTRAVENOUS (IV) ADMINISTRATION.

J. F. Marier1, C. Jomphe1, T. G. McCauley2, P. Calias2, B. Boyd3 and M.
Beliveau1. 1Pharsight Consulting Services, Pharsight Corporation, Montreal, QC,
Canada, 2Shire Human Genetic Therapies, Lexington, MA and 3Northern
Biomedical Research, Muskegon, MI.
A formulation of Idursulfase (IS2) derived from human cells has been developed for
direct central nervous system (CNS) delivery as enzyme replacement therapy for
Hunter syndrome and other lysosomal storage diseases. Previous studies suggest
that a direct administration to the CNS via the IT space of the spinal canal may be
a relatively safe and effective method for delivery of enzyme replacement therapies.
The objective this analysis was to characterize the relationship between IS2 concentration and its activity measured in CSF after IT and IV administration to
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Chronic exposure to the cyanobacterial neurotoxin β-N-methylamino-L-alanine
(L-BMAA) is described as a potential culprit of the increased incidences of the neurodegenerative disease amyotrophic lateral sclerosis/ parkinsonism dementia complex (ALS/PDC) observed in the Pacific Islands, e.g. Guam. In the latter context,
an excitotoxic mechanism is primarily being discussed as trigger for the BMAA coupled neuronal degeneration. However, some findings indicate that BMAA can be
found in a “protein-bound” form, thus suggesting that BMAA is proteinogenic and
therefore could foster misincorporation into proteins and consequently an increased rate of protein mis-folding. The goal of this study was therefore to investigate potential effects of BMAA on protein homeostasis and oxidation in the human
neuronal SH-SY5Y cells. A significant concentration dependent change of proteasomal and caspase 3/7 activity was detected 48 hours following BMAA exposure.
The latter was associated with an accumulation of oxidized proteins and an increased ubiquitination of proteins. Co-exposure of BMAA and the ROS scavenger
α-tocopherol (Vit E) reduced caspase 3/7 and proteasomal activity, but not increased protein ubiquitination. In addition, an increased VitE-independent endoplasmatic reticulum (ER) associated caspase 12 activity was observed following
BMAA treatment.

Thus current results suggest that BMAA may act on ER-coupled mechanisms of
protein-homeostasis. Mis-incorporation of BMAA by the ER, aggregation of misfolded proteins and an accumulation of oxidized proteins, both hallmarks of neurodegenerative diseases, could therefore be involved in the aetiology of ALS/PDC
linked to chronic BMAA exposure.
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PARKIN-DYSFUNCTION AND α-SYNUCLEIN
AGGREGATION LEAD TO CELL DEATH IN
METHAMPHETAMINE (METH)-TREATED RHESUS
MONKEYS AND HUMAN METH USERS.

S. Z. Imam1, 3, 4, Z. K. Binienda1, W. Slikker1, M. G. Paule1, E. Masliah2 and S.
F. Ali1. 1Neurotoxicology, US FDA/NCTR, Jefferson, AR, 2Neurosciences, University
of California San Diego, La Jolla, CA, 3Geriatrics, University of Arkansas for
Medical Sciences, Little Rock, AR and 4Institute for the Integration of Medicine and
Science, University of Texas Heath Science Center at San Antonio, San Antonio, TX.
Numerous studies have reported that METH induces dopaminergic (DAergic)
neurotoxicity and nerve terminal damage via the induction of apoptotic pathways.
We have shown that oxidative stress-mediated induction of a tyrosine kinase c-Abl
disrupts parkin-dependent ubiquitin-proteasome (UPS) function, leading to
DAergic cell death in animal models of Parkinson’s disease (PD) and in human patients. Here, we investigated whether METH-induced oxidative stress leads to
parkin-dependent dysfunction of UPS in rhesus monkeys and in human METH
users. We also determined if METH-treatment could induce α-synuclein aggregation. METH treatment significantly activated c-Abl leading to an increase in parkin
phosphorylation and inactivation in striatum of rhesus monkeys. Inactivation of
parkin resulted in significant accumulation of p38/AIMP2, a toxic substrate of
parkin known to cause DAergic cell death. Significant increases in a highly active cAbl, a hyperphosphorylated parkin, and accumulations of p38/AIMP2 were also
observed in the striatum of human METH users as compared to their age-matched
controls. Significant aggregation and hyperphosphorylation of α-synuclein were
also observed in the striatum of both METH-treated rhesus monkeys and human
METH users. A significant depletion of dopamine (60%) and its metabolites
DOPAC (55%) and HVA (65%) was observed in striatal tissues of METH-treated
monkeys as compared to controls. Furthermore, we observed significant increases
in the expression HNE-protein adducts in the striatum of METH-treated monkeys
and human METH users as compared to control subjects, suggesting a significant
increase in oxidative stress. These results suggest a universal mechanism of
dopaminergic neuronal cell death mediated by oxidative stress-induced UPS dysfunction resulting in toxic protein aggregation and by α-synuclein-aggregation due
to DAergic dysfunction.
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PHARMACOKINETIC STUDY AND EVALUATION OF
THERAPEUTIC EFFECTS OF WATER SOLUBLE COQ10
IN A PARAQUAT-INDUCED RAT MODEL OF
PARKINSON’S DISEASE.

S. Pandey1, K. Facecchia1, K. Muthukumaran1, J. Smith1, K. Harrison1, A.
Laframboise1, J. K. Sandhu2, M. Sikorska2, J. Cohen1 and D. Lopatin1.
1Department of Chemistry & Biochemistry, University of Windsor, Windsor, ON,
Canada and 2National Research Council of Canada, Ottawa, ON, Canada.
Parkinson’s disease (PD) is a progressive neurodegenerative disorder affecting 4 million people worldwide. Environmental toxins leading to oxidative stress and mitochondrial dysfunction causing neuronal death, have been implicated in the development of sporadic form of PD. Exposure to paraquat, a well known
herbicide/insecticide, has been correlated to the incidence of PD in human.
Currently there is no treatment available that can halt the progression of this disease. We have established a paraquat-inducted model of PD in rats. We have evaluated therapeutic potential of a water-soluble formulation of CoQ10 (WS CoQ10)
in the this model where WS-CoQ10 was fed after 5 injections of paraquat. We have
observed that post-insult feeding of CoQ10 in drinking water blocked the progression of loss of dopamine neurons, decreased oxidative stress in brain tissues and led
to better behavioral performances (as indicated by Pole test and vertical climb test)
compared to paraquat treated animals fed with un-supplemented water. There was
efficient absorption of WS-CoQ10 formulation as the level of CoQ10 doubled in
the brain and liver tissues of animal fed with supplemented water compared to control. In addition to significant protection of DA neurons in the SNpc, we also observed activated astroglia and increased levels of brain derived neurotrophic factor
(BDNF) and glial derived neurotrophic factor (GDNF) in WS-CoQ10 fed rats.
We have shown previously the prophylactic effect of WS-CoQ10 treatment, that is
WS-CoQ10 prevents the loss of dopamine neurons in the SNpc and ameliorates
the symptoms of paraquat-inducted PD in the rat model. Therefore, this formulation of CoQ10 would be used to slow or even halt the progression of Parkinson’s
disease.
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PATHOPHYSIOLOGY OF BAC-TRANSGENIC RATS
EXPRESSING PARKINSON’S DISEASE CAUSING
MUTATIONS.

J. Cannon1, 2, K. Geghman3, V. Tapias1, T. Sew1, M. Dail1, J. Nelson1, C. Li3
and J. Greenamyre1. 1Pittsburgh Institute for Neurodegenerative Diseases, University
of Pittsburgh, Pittsburgh, PA, 2Purdue University, West Lafayette, IN and 3Mount
Sinai School of Medicine, New York, NY.
Parkinson’s disease (PD), in most cases is thought to arise from both genetic and environmental influences. Cases arising from purely genetic influences are rare, but
provide much insight into the pathogenic features of the disease. Rodent models of
genetic PD have been largely unable to replicate the key pathological features of the
disease. Here, transgenic rats expressing disease causing mutations in α-synuclein
(A53T or E46K) or leucine-rich repeat kinase 2 (LRRK2; G2019S or R1441G)
were created using bacterial artificial chromosomal technology. These rats were assessed at 12 months of age to determine if the key features of the disease were replicated. No overt loss of nigral dopamine cell bodies or striatal dopamine terminals
was found by immunohistochemistry. These results indicate that there is not an obvious lesion to the nigrostriatal dopamine system. However, alterations in
dopaminergic metabolites, nitrotyrosine levels, and α-synuclein accumulation/aggregation indicate that features of the earliest disease stages may be replicated. Thus,
these animals may be ideal for modeling preclinical PD and for potentiation studies
with other stressors, such as environmental exposures. Preliminary experiments also
indicate that transgenic animals exhibit heightened sensitivity to rotenone, as evidenced by increased loss of striatal dopamine terminals. Rotenone is a pesticide that
has been linked to human PD and replicates the key disease features. In summary,
while these animals do not exhibit features of late-stage PD, they are ideal for assessing gene-environment interactions and may be useful in modeling the earliest
stages of the disease. Funded by the NIH (NIEHS 1K99ES019879-01, J.R.C.) and
the Michael J. Fox Foundation (J.T.G. and C.L.).
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EXPRESSION OF MUTANT HUNTINGTIN IMPAIRS
STRIATAL MANGANESE (MN) TRANSPORT AND MNDEPENDENT ENZYME ACTIVITIES BY A NOVEL
CELLULAR MECHANISM.

T. V. Bichell, M. Wegrzynowicz, G. Kwakye, C. Jetter, M. S. Cardone, H.
Holt, A. Stubbs and A. Bowman. Vanderbilt University, Nashville, TN.
We have previously reported that expression of mutant HTT is associated with impaired Mn accumulation in a striatal cell line and mouse models of Huntington’s
disease (HD). To explore the consequences of altered Mn homeostasis, we have
measured the levels and activity of cortical and striatal arginase, a manganese-containing enzyme. We report that arginase activity exhibits region specific Mn-exposure by genotype interactions. To investigate the underlying cause of the Mn transport deficit we used the cellular fura-2 manganese extraction assay (CFMEA) and
cellular fura-2 loaded kinetic assays to measure Mn dynamics. We show that cells
expressing mutant Htt have decreased Mn uptake within minutes of Mn exposure,
and decreased total Mn storage capacity yet maintain equivalent concentration-dependent Mn efflux rates. Furthermore, the presence of other di-/trivalent metals,
serum proteins, or known co-transporter ions in the culture media and exposure
buffers are not required for this effect. Inhibition of divalent metal transporter 1
(DMT1), as well as 2-APB- and ruthenium red blockable channels, PPAR-gamma,
or the mitochondrial transition pore does not affect this Mn uptake deficit.
Therefore we are now testing other recently identified Mn transporters for their
contribution to this phenotype, including HIP14, PARK9, and Ferroportin 1.
Finally, we report that excess divalent metals (Mg2+, Ca2+, and Sr2+) substantially
influence Mn uptake and survival in the striatal cells and ameliorate the differences
between wild-type and mutant striatal HD cells. We are currently utilizing shRNA
knock-down strategies to identify the major transporter(s) responsible for the altered Mn homeostasis phenotype in HD striatal cells and animal models. In conclusion, our data strongly suggest that the HD mutation causes a defect in Mn uptake and storage capacity, which contributes to alterations in the activity of
Mn-dependent enzymes in the brain. Supported by NIH/NINDS ESO16921,
ESO16931S1, ESO16931S2 and T32 ES007028
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TRITERPENOIDS ENRICHED EXTRACTS OF INDIAN
MEDICINAL PLANTS PROTECTS AGAINST AMYLOID
β-PEPTIDE AND HYDROGEN PEROXIDE-INDUCED
TOXICITY THROUGH THE MODULATION OF NRF2,
NF-κB AND SIRT1 PATHWAYS.

M. Singh1, M. Arseneault1, V. Murthy2 and C. Ramassamy1, 2. 1Pharmacology,
INRS – Institut Armand-Frappier, Laval, QC, Canada and 2Department of Medical
Biology, Faculty of Medicine, Laval University, Québec, QC, Canada. Sponsor: D.
Cyr.
Alzheimer’s disease (AD) is the most common age-related neurodegenerative disease affecting million of people worldwide. Strong evidence supports the role of the
amyloid-β peptide (Aβ) induced oxidative stress (OS) and neuroinflammation in
the pathophysiology of AD. In brains of AD patients, levels of neuroinflammatory
cytokine TNF-α,oxidized proteins, by-products of lipid peroxidation such as
acrolein and DNA damage markers are significantly higher in vulnerable brain regions. Bacopa monniera (BM) and Withania somnifera (BM) have a long history of
use in memory-enhancing therapy but there is dearth of studies on their neuroprotective effects. The objective of this study was to investigate whether BM and WS
extracts can protect against Aβ peptide and hydrogen peroxide -induced toxicity
and modulate various redox regulated pathways. We demonstrate that a treatment
with BM and WS extracts significantly protected the human neuroblastoma cell
line SK-N-SH against Aβ peptide in various cell survival assays. Furthermore, a
treatment with BM extract significantly reduced H2O2 and TNF-α induced intracellular reactive oxygen species (ROS) generation in SK-N-SH cells. Finally, our results show that BM extract is also a potent inducer of nuclear factor E2-regulated
factor2 (Nrf2) and Sirt1 pathways. BM extract also inhibited the TNF-α induced
transcriptional up regulation NF-κB in SK-N-SH cells. WS extract also inhibited
the acetyl cholinesterase (AChE) activity. Thus, our findings indicate that BM and
WS extracts may act as an antioxidant and inflammatory modulator and may have
beneficial effects in the AD therapy.
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CONCENTRATED AMBIENT PARTICULATE MATTER
AS A RISK FACTOR FOR THE PARKINSON’S DISEASE
PHENOTYPE.

J. L. Allen1, K. Conrad1, J. N. Finkelstein1, 2, C. J. Johnston1, 2, S. Liu1, G.
Oberdorster1, 2 and D. A. Cory-Slechta1, 2. 1Environmental Medicine, University of
Rochester, Rochester, NY and 2Pediatrics, University of Rochester, Rochester, NY.
Increasing data suggests that concentrated ambient particulate matter (CAPS) adversely impacts brain and could represent a largely underappreciated contribution
to CNS diseases. Early development may be a period of particular vulnerability of
brain to CAPS damage. This study examined the hypothesis that early life postnatal CAPS exposure would sensitize the CNS to subsequent adult challenge with
paraquat + maneb (PQ+MB), a well-established pesticide-based model of the
Parkinson ’s disease phenotype (PDP). Following CAPS exposure from PND 4-8 &
10-13 days, mice were subjected as adults to PQ (10 mg/kg) and MB (30 mg/kg)
i.p. 2x week for 6 weeks. Mice exposed postnatally to CAPS were significantly more
sensitive to the locomotor-reducing effects of PQ+MB than sham controls, or those
exposed to CAPS alone or PQ+MB alone. CAPS and PQ+MB significantly altered
catecholamine levels in both the nigrostriatal and mesocortical dopamine pathways.
CAPS had a particular influence on striatum, increasing NE, DOPAC, and DA
turnover (DOPAC/DA) levels, while PQ+MB generally impacted midbrain, decreasing 5HT, DOPAC and dopamine turnover. An interaction between CAPS and
PQ+MB on cortical 5-HT levels was evidenced as a significant 5-HT decrease in
PQ+MB treated animals compared to both sham controls and CAPS+PQ+MB
treated mice. Cortical DA was also increased in PQ+MB treated animals.
Collectively, these findings indicate that early life CAPS enhances locomotor reduction in response to PQ+MB challenge and changes striatal catecholamines
(DAergic cell terminals), a region critical to PD while PQ+MB, in the same animals
produces catecholamine changes in the ventral midbrain (DAergic cell bodies).
Collectively this concurrent damage to striatum and midbrain could increase nigral
cell death and thereby contribute to a PDP; future analyses will include assessment
of TH immunoreactivity and stereological analysis of DAergic cell counts in the
SNpc and VTA. Supported by R01- ES019105
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THE ACTIVATION SEQUENCE OF CELLULAR
PROTEIN HANDLING SYSTEMS IN RESPONSE TO
PROTEASOMAL INHIBITION: AN IN VITRO MODEL
RELEVANT TO PARKINSON’S DISEASE.

R. Xiong, D. Siegel and D. Ross. Skaggs School of Pharmacy and Pharmaceutical
Sciences, University of Colorado Denver, Denver, CO.
Dysfunction of protein handling has been implicated as an important factor in the
neurodegeneration that occurs in age-related Parkinson’s disease (PD). Inhibition of
the ubiquitin-proteasome system (UPS) has been implicated in the formation of
protein aggregates and Lewy bodies in PD. While proteasomal inhibition could
trigger an array of downstream protein handling changes including up-regulation
of heat shock proteins (HSPs), induction of molecular chaperones, activation of the
ER stress/ unfolded protein response (UPR), autophagy and aggresome formation,
little is known about the relationship of proteasomal inhibition to the sequence of
activation of these diverse protein handling systems. In the current study, we utilized the proteasome inhibitor MG132 (carbobenzoxy-L-leucyl-L-leucyl-L-leucinal) and examined the activity of several major protein handling systems, in the immortalized dopaminergic neuronal N27 cell line. The data from these studies
showed that MG132-induced proteasomal inhibition resulted in stimulation of the
UPR and autophagic flux in the early phase (up to 6 hours after proteasomal inhibition) as determined by increased levels of phosphorylation of the eukaryotic
translation initiation factor 2alpha (eIF2α), C/EBP homologous protein (CHOP)
and turnover of autophagy related microtubule-associated protein 1 light chain 3
(LC3). Moreover, after prolonged proteasomal inhibition induced by MG132 (> 6
hours) we observed an increased cellular level of polyubiquitinated proteins,
HSP70, the formation of vimentin-caged aggresomes and apoptosis. Our data suggests a potential link between proteasome inhibition and activation of other protein
handling systems. These data also suggest that the mechanisms of induction of
these alternate protein handling systems and their temporal relationship may be important parameters determining the extent of accumulation of misfolded proteins
in cells as a result of proteasome inhibition. (Supported by NIH grant
R01ES018943)
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REDUCED VMAT2 EXPRESSION CAUSES
NORADRENERGIC LOSS PRECEDING
NIGROSTRIATAL DEGENERATION IN A MOUSE
MODEL OF PARKINSON’S DISEASE.

S. P. Alter1, D. S. Goldstein2, T. N. Taylor3 and G. W. Miller1. 1Environmental
Health, Emory University, Atlanta, OH, 2Clinical Neurocardiology Section, NINDS,
NIH, Bethesda, MD and 3Department of Physiology, Anatomy, and Genetics,
University of Oxford, Oxford, United Kingdom.
Parkinson’s disease (PD) is classically depicted as a disease of the dopamine system.
However, it is known that the locus ceruleus (LC), the main source of brain norepinephrine(NE), undergoes degeneration prior to the substantia nigra in human PD.
Moreover, clinical studies show that peripheral NEergic loss is a strong predictor of
the development of the disease. Our lab has established that mice deficient in the
vesicular monoamine transporter 2 (VMAT2) undergo progressive nigrostriatal degeneration, exhibit alpha synuclein aggregation, and display both motor and nonmotor symptoms of PD (Caudle et al. J Neurosci, 2007; Taylor et al. J Neurosci,
2009). Here we present evidence that VMAT2-deficient mice experience accelerated NEergic loss preceding dopaminergic (DA) loss and motor symptoms.
Neurochemical analysis shows that VMAT2 deficient mice have a 54% reduction
in brain NE and a 2-fold increase in turnover to its neuronal metabolite DHPG.
Stereological analysis reveals progressive LC degeneration in VMAT2-deficient
mice beginning at 12 months of age, preceding nigral degeneration (at 18 months).
Also at 12 months of age, we show that these mice lose NE transporter immunoreactivity in important LC efferents throughout the brain, indicative of terminal loss.
Effects on the NE system are not restricted to the brain; we have also observed reductions in cardiac catecholamines, including a 97% reduction in cardiac NE, as
well as increased turnover to DHPG. These data demonstrate an animal model of
PD that exhibits NEergic and DAergic neurodegeneration, central and peripheral
neurochemical loss, and motor and nonmotor symptoms of PD. VMAT2 loss renders catecholamine neurons susceptible to oxidative burden, presenting a convergent mechanism of toxicity in these cell types, and a hypothesis for the vulnerability of these neuronal populations in human PD pathology.Supported by: NIH
grant P01ES016731.
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HUMAN NEURAL PROGENITORS WITH MUTATIONS
IN PARK2 SHOW INCREASED MITOCHONDRIAL
DAMAGE AND ABERRANT TRANSCRIPTIONAL
RESPONSES AFTER COPPER EXPOSURE.

A. M. Tidball1, 2, 4, A. A. Aboud2, 4, K. K. Kumar1, 2, 4, M. Neely2, 4, G. G. Li2,
M. J. Litt2, P. Hedera2, 4, K. C. Ess2, 3, 4 and A. B. Bowman2, 3, 4. 1Neuroscience
Graduate Program, Vanderbillt University, Nashville, TN, 2Neurology, Vanderbillt
University, Nashville, TN, 3Pediatrics, Vanderbillt University, Nashville, TN and
4Vanderbilt Kennedy Center for Research on Human Development, Vanderbillt
University, Nashville, TN.
A combination of risk alleles and environmental stressors are thought to be the
major cause of Parkinson’s disease (PD); thus, patients sharing a common diseasecausing mutation can present with significantly different disease progression. We
generated induced pluripotent stem cell (iPSC) lines from a control patient and
two brothers who share compound heterozygotic exonal deletions of the PARK2
gene, which result in complete loss of Parkin function. These cell lines were differentiated to neural progenitors expressing the early neuroectodermal marker PAX6.
We assessed cell viability, oxidative stress, mitochondrial morphology, and oxidative
stress transcriptional response after exposure to copper and manganese. The LD50
of copper exposure was significantly lower (61 μM) in PARK2 mutant cells than in
control cells (130 μM) (n=8, p = 0.019) while the LD50 of manganese exposure
was the same in each cell line. Copper exposure resulted in a significantly higher
rate of reactive oxygen species production and mitochondrial damage while quantitative RT-PCR analysis indicated impairment in transcriptional activation of the
stress response factor heme oxygenase-1 in Parkin mutants. These data suggest that
loss of functional Parkin leads to impairment of appropriate mitochondrial stress
and oxidative stress transcriptional response pathways, underscoring each as an important mechanism of normal Parkin function. Additionally, the role of copper as a
stressor in each of these pathways implies a potential role for copper as a PD risk
factor. This work has been supported by the following grants: NIH/NIEHS
ES016931, Peterson Foundation for Parkinson’s, Vanderbilt Center for Molecular
Toxicology Pilot Project, and Subaward RR166-737/4787736 under
NIH/NIGMS 5PO1 GM08535403.
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C. R. Lazo and G. W. Miller. Environmental Health, Emory University, Atlanta,
GA.
Parkinson’s disease (PD) is the second most common age related neurological disorder, the etiology of which is unknown. Classic motor deficits associated with PD result from loss of dopaminergic neurons of the substantia nigra. The mechanisms involved in their degeneration is unclear, but oxidative stress from cytoplasmic
dopamine (DA) oxidation is thought to contribute to increased susceptibility of
these neurons. Recently, genetic polymorphisms in vesicular monoamine transporter (VMAT2), a protein involved in sequestration of DA from the cytoplasm,
have been found to correlate with the incidence of PD (Glatt et al 2006). Our laboratory has demonstrated that transgenic mice with reduced expression of VMAT2
(~5%) develop progressive motor and pathological characteristics similar to those
observed in human PD. We have also found that exposure to polychlorinated
biphenyls, environmental toxicants linked to increased risk of PD, results in altered
function of VMAT2 in mice. Therefore, the ability to pharmacologically manipulate the functional capacity of VMAT2 would aid in understanding the toxicity of
endogenous dopamine metabolism and environmental toxicants, both of which are
influenced by the functional state of VMAT2. In order to examine the effects of
abrupt but chronic VMAT2 inhibition, we injected the irreversible VMAT inhibitor, reserpine to C57/Bl6 mice. Mice were given intraperitoneal injections of
vehicle, 3mg/kg or 5mg/kg reserpine. Acute effects included a decrease in core body
temperature, measurable within an hour post injection and lasting until 5 days post
injection at which point temperature returned to control levels. The rate and duration of the decrease in temperature was independent of reserpine dose. To quantify
VMAT2 inhibition, vesicular uptake of dopamine was measured and found to be
decreased in mice given reserpine. The decrease was detectable for up to 8 weeks
post injection. Therefore, reserpine is a viable pharmacological drug to induce
abrupt but prolonged inhibition of VMAT2 to study the in vivo effects of altered
dopamine sequestration. Support:NIHPO1ES016731
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TRANSLOCATOR PROTEIN 18 KDA (TSPO) DETECTS
EARLY AND WIDESPREAD NEURODEGENERATION IN
THE BRAIN OF BAC[HTT220Q] BUT NOT
YAC[HTT128Q] MOUSE MODELS OF HUNTINGTON’S
DISEASE.

B. D. Soares1, M. Wegrzynowicz2, M. K. Loth1, J. L. McGlothan1, F. S.
Alikhan1, T. J. Bichell2, J. Coughlin3, H. Wang3, M. G. Pomper3, K. Hua3, S.
Mori3, A. B. Bowman2 and T. R. Guilarte1. 1Environmental Health Science,
Columbia University Mailman School of Public Health, New York, NY, 2Neurology,
Vanderbilt University, Nashville, TN and 3Radiology, Johns Hopkins University,
Baltimore, MD.
Huntington’s disease (HD) is characterized by a trinucleotide (CAG) repeat expansion in the gene encoding the Huntingtin (Htt) protein. Mutant Htt protein
(mHtt) interferes with multiple cellular functions resulting in neurodegeneration.
Using the BAC and YAC transgenic full-length mouse models of HD, we characterized the age-dependent effects (3 and 10 months) of mHtt on regional brain degeneration using TSPO.
Quantitative receptor autoradiography (QRA) with the TSPO ligand [3H]-DPA713 found significantly higher levels of [3H]-DPA-713 binding to TSPO (genotype
effect) in the motor cortex, central grey, thalamus and striatum, but not in the hippocampus, hypothalamus or globus pallidus of BAC versus wildtype. No significant effects were found in YAC mice at these ages. Since TSPO expression increases
as a result of brain injury and inflammation, our results indicate on-going neurodegenerative changes as early as 3 months of age continuing to 10 months in the BAC
but not the YAC mouse model of HD. This is consistent with the early onset of
neurodegeneration in the BAC model given its longer mHtt polyQ repeat.
To assess changes in the striatum, one of the principal brain regions undergoing
neurodegeneration in HD, we performed QRA for D1 and D2 dopamine receptors. BAC mice showed a significant genotype effect for D2 dopamine receptors,
but not D1 relative to wildtype. No significant effects were observed for YAC mice.
Ongoing studies will correlate these changes with behavioral, neuropathological
and neuroimaging endpoints in these two animal models of HD. Together, the data
indicates that TSPO is a sensitive and early biomarker of neurodegeneration in the
HD brain. [Supported by ES010975 to TRG and ES016931 to ABB; BDS is supported by T32ES007322; and TBJ by T32ES007028]

DEVELOPMENT OF A CHRONIC RESERPINE MODEL
TO STUDY CYTOPLASMIC DOPAMINE TOXICITY AND
PARKINSON’S DISEASE PATHOGENESIS.

GENETIC AND PHARMACOLOGIC BLOCKADE OF NFKB PREVENTS ONGOING NEUROINFLAMMATION IN
THE MPTP MODEL OF PARKINSON’S DISEASE.

B. Trout1, J. A. Miller1, R. B. Tjalkens1 and S. Safe2. 1Environmental and
Radiological Health Sciences, Colorado State University, Fort Collins, CO and
2Institute of Bioscience and Technology, Texas A&M Health Science Center, Houston,
TX.
Inflammatory activation of glia is implicated in the progressive loss of dopaminergic neurons in Parkinson’s Disease (PD). Suppression of neuroinflammation may
prove useful in slowing continuous neuronal degeneration. In the present study we
investigate the efficacy of nuclear factor kappa B (NF-kB) inhibition in attenuating
progressive dopamine neuron loss. We established a model of neurodegeneration
employing MPTP in conjunction with probenecid in transgenic NF-kB-EGFP reporter mice in which we observed a progressive reduction of TH positive neurons
assessed by stereology. In addition, robust activation of astrocytes and microglia was
observed that correlated with increased activation of NF-kB. Using this model, we
assessed the efficacy of novel para-substituted diindolylmethane (cDIM) compounds in attenuating continual neuron loss in vivo. cDIM5 (1,1-bis(3’-indolyl)-1(p-methoxy)- methane), which induces downregulation of prototypic neuroinflammatory gene NOS2 in primary astrocyte cultures, was given via oral gavage (50
mg/kg) once daily to mice following 7 days of MPTP treatment. Stereological assessment revealed a significant attenuation of dopamine neuron loss in animals
treated with cDIM5, as well as decreased glial activation. This process was repeated
using cDIM12 (1,1-bis(3’-indolyl)-1-(p-chlorophenyl)- methane), a Nurr1 agonist, that also attenuated dopamine neuron loss. Finally, mice deficient in astrocytic
IKKβ were treated using the progressive MPTP and probenecid model and these
animals displayed significantly less dopamine neuron loss than their wild type
counterparts given the same treatment. These results suggest that NF-kB is an important pathway mediating neuroinflammatory activation of astrocytes leading to
loss of dopamine neurons and that interdicting this pathway may be a viable therapeutic option for slowing the progression of PD.
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CHARACTERIZATION OF AN ASTROCYTE-SPECIFIC
IKK-BETA KNOCKOUT MOUSE.

K. A. Kirkley and R. Tjalkens. Environmental and Radiological Health Sciences,
Colorado State University, Fort Collins, CO.
The release of pro-inflammatory mediators by activated astrocytes and microglia
have been documented in neurodegenerative diseases such as Parkinson’s disease
and manganese-induced neurotoxicity. Furthermore, research from our laboratory
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has implicated the Nuclear Factor-kappa beta (NF-κβ) in release of inflammatory
molecules from activated glia; however, the relative impact of these activated glia on
neuronal survival and the pathways involved are still poorly understood. In this
study, we bred an human Glial Fibrillary Acidic Protein (hGFAP)-Cre mouse line
with a floxed Iκβ kinase beta (Ikkβ) mouse line to create a conditional Ikk-beta
knockout mouse (IKK-/-) in which the Ikk-beta gene is specifically deleted in astrocytes of the CNS. In vivo comparison of Ikk-beta staining in adult knockout
mice to wild type (IKKF/F) littermates revealed maintenance of the Ikk-beta in
neuronal populations of the basal ganglia, but staining was unsuccessful in glial
populations. In vitro staining revealed deletion of Ikk-beta in primary neonatal cultured astrocytes, but not in primary cultured microglia. Semi-quantitative analysis
via Real Time Polymerase Chain Reaction revealed at least a 50% reduction in Ikkbeta activity in primary cultured astrocytes as compared to wild-type controls.
Current data suggests the mouse has been successful in specifically deleting Ikk-beta
within astrocytes of the CNS and should be a useful tool to determine the role of
astrocyte NF-κβ in neurodegeneration.
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FUNCTIONAL CHARACTERIZATION OF ABC EFFLUX
TRANSPORTERS IN MICROGLIA: IMPLICATIONS
DURING NEUROINFLAMMATION.

C. J. Gibson1, 3, J. R. Richardson2 and L. M. Aleksunes1. 1Pharmacology &
Toxicology, Rutgers University, Piscataway, NJ, 2Environmental & Occupational
Medicine, University of Medicine and Dentistry of New Jersey, Piscataway, NJ and
3Joint Graduate Program in Toxicology, Rutgers University, Piscataway, NJ.
Efflux transporters are important in limiting cellular and tissue exposure to exogenous chemicals as well as potentially toxic endogenous products. Investigation of
efflux transporters, such as Multidrug resistance protein 1 (MDR1), Multidrug resistance-associated proteins (MRP), and breast cancer resistance protein (BCRP), in
the pathogenesis of neurodegeneration and neuroinflammation has only recently
begun. The purpose of the present study was to characterize ABC efflux transporter
function in microglia and examine the effect of microglial activation on the cellular
efflux of known MDR1, MRP, and BCRP substrates. A panel of fluorescent transporter substrates and known inhibitors were used to characterize the relative contribution of efflux transporters to the extrusion of these substrates from BV-2 microglia cells using the Necelom Vision cellometer. Under normal conditions, BV2
cells actively transported rhodamine 123, calcein AM, and Hoechst, which was
blocked by inhibitors of MDR1 (PSC833), MRP (MK571), and BCRP (KO143),
respectively. Activation of microglia with lipopolysaccharide (LPS) significantly reduced transporter function, indicated by up to a 90% increase in cellular retention
of rhodamine 123, Calcein AM, and Hoechst. Microglial activation also increased
cell accumulation of the fluorescent Bodipy-conjugated anxiolytic drug, prazosin,
by 52% and the pro-apoptotic lipid, NBD-Ceramide, by 119%. Reduced efflux
transporter function in activated microglia is consistent with decreased transporter
mRNA and protein levels observed previously in these cells. Collectively, these results suggest that microglial activation during neuroinflammation may impair normal regulatory functions of microglia including the efflux of potentially toxic compounds. Supported by NIH ES-0205022, ES-005022, ES-015991, DK-080774,
ES-007148.
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DECREASING THE TOXICITY OF HSP90 INHIBITORS
FOR THE THERAPY OF PROTEIN FOLDING DISEASES.

R. Xiong1, C. Chang1, D. Siegel1, R. Kitson2, C. J. Moody2 and D. Ross1.
1Pharmaceutical Sciences, University of Colorado, Aurora, CO and 2School of
Chemistry, University of Nottingham, Nottingham, United Kingdom.
Diseases caused by protein misfolding are prevalent in neurodegenerative syndromes and include Parkinson’s Disease (PD). Protein misfolding and aggregation
can be prevented by the heat shock protein (Hsp) chaperone family and paradoxically, an attractive strategy for induction of Hsp’s is Hsp90 inhibition which results
in compensatory induction of a number of Hsp’s. The inhibition of Hsp90 has
shown therapeutic promise but prototypical benzoquinone ansamycin (BQA) derivatives including geldanamycin, 17-AAG and 17-DMAG, while inducing a potent Hsp response, have been found to be toxic in cellular and animal models. One
major mechanism of toxicity of the BQA class is manifested via the electrophilic
properties of the quinone and alkylation of cellular nucleophiles at the 19-position
of the quinone. We have developed novel 19-substituted BQAs (19-BQA’s) in the
geldanamycin, 17-AAG and 17-DMAG series as a means to prevent arylation of
cellular nucleophiles and have validated this approach using model thiols. 19-BQAs
did not react with glutathione while marked reactivity could be detected using their
parent quinones. 19-BQA’s inhibited recombinant yeast Hsp90 and the addition of
NAD(P)H:quinone oxidoreductase 1 (NQO1) potentiated inhibition demonstrat-
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ing increased inhibitory efficacy of the hydroquinone ansamycin relative to its parent quinone. To extend these studies to dopaminergic cells we used the human SHSY5Y cell line and 19- BQA’s induced a robust heat shock response as indicated by
increased levels of both Hsp70 and Hsp27. Finally, 19-BQA’s exhibited little toxicity in SH-SY5Y dopaminergic cells using both trypan blue exclusion and the MTT
assay relative to their parent quinones. These data show that 19-BQAs are Hsp90
inhibitors, induce a potent heat shock response and exert little toxicity to dopaminergic cells suggesting they are worthy of further investigation for the therapy of protein folding diseases such as PD.
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IN VITRO EFFECTS OF MUTANT APP AND PS1 ON
MITOCHONDRIAL FUNCTION IN HIPPOCAMPAL
N2A CELLS.

A. E. Schlappal1, 2, M. Ottinger1, 2 and R. Schuh1, 3, 4. 1Neuroscience and Cognitive
Sciences Program, University of Maryland, College Park, MD, 2Animal and Avian
Sciences, University of Maryland, College Park, MD, 3R&D Service, VA Maryland
Health Care System, Baltimore, MD and 4Department of Neurology, University of
Maryland, School of Medicine, Baltimore, MD.
Substantial evidence indicates mitochondrial function declines with age, a primary
risk factor for Alzheimer’s disease (AD) and other neurodegenerative diseases.
Currently, the relationship between increased amyloid toxicity, mitochondrial
deficits, and neurodegeneration is still unclear. Previous research in our lab and elsewhere demonstrate temporal increases in amyloid beta (Aβ42) and full length amyloid precursor protein (APP) in the double transgenic (DTG) AD mouse model
(APPSWE/PS1dE9). Further, we have demonstrated mitochondrial deficiencies in
respiration and ETC complexes that precede significant increases in amyloid load
in this murine model. To further explore our hypothesis that mitochondrial dysfunction is an early event that exacerbates amyloid toxicity and predisposes vulnerable neuronal cell populations to degenerate we assessed similar endpoints in transfected hippocampal neuroblastoma (N2a) cells. Cells were co-transfected with
constructs containing APPSWE/PS1dE9 plus a mitochondrial targeted enhanced
yellow fluorescent protein (eYFP) and a tetracycline transactivator. The eYFP co-localized with mitotracker red confirming its mitochondrial localization. Conversely
antibodies against full-length APP had diffuse staining suggesting cytosolic localization. Results using the Seahorse XF-24 Flux Analyzer indicate that these transfected
cells had decreased oxygen consumption compared with non-transfected cells.
Additionally, ETC complexes I-V as measured by western blot were altered in the
transfected cells. These in vitro studies appear to recapitulate our in vivo findings, at
least in this strain of mice. Further, this in vitro approach provides a powerful tool
to examine mitochondrial respiratory defects and the temporal relationship with
the appearance of increased amyloid levels.
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PARAQUAT NEUROTOXICITY IS MEDIATED BY THE
DOPAMINE TRANSPORTER AND ORGANIC CATION
TRANSPORTER-3.

P. M. Rappold1, M. Cui1, A. S. Chesser1, J. Tibbett1, J. C. Grima1, L. Duan2,
N. Sen2, J. A. Javitch2 and K. Tieu1. 1University of Rochester, Rochester, NY and
2Columbia University, New York, NY.
The herbicide paraquat (PQ) has increasingly been reported in epidemiological
studies to enhance the risk of developing Parkinson’s disease (PD). Furthermore,
case-control studies report that individuals with genetic variants in the dopamine
transporter (DAT, SLC6A) have higher PD risk when exposed to PQ. However, it
remains a topic of debate whether PQ can enter dopamine (DA) neurons through
DAT. We report here a novel mechanism by which PQ is transported by DAT: In
its native divalent cation state, PQ2+ is not a substrate for DAT; however, when
converted to the monovalent cation PQ+ by either a reducing agent or NADPH
oxidase on microglia, it becomes a substrate for DAT and is accumulated in DA
neurons, where it induces oxidative stress and cytotoxicity. Impaired DAT function
in cultured cells significantly attenuated neurotoxicity induced by PQ+. Similar
neuroprotection was also observed in mutant mice hypomorphic for DAT injected
with this toxicant. In addition to DAT, PQ+ is also a substrate for the organic
cation transporter 3 (Oct3, Slc22a13), which is abundantly expressed in non-DA
cells in the nigrostriatal regions. In mice with Oct3 deficiency, enhanced striatal
damage was detected after PQ treatment. This increased sensitivity likely results
from reduced buffering capacity by non-DA cells leading to more PQ+ being available for uptake by DA neurons. This study provides a novel mechanism by which
DAT and Oct3 modulate nigrostriatal damage induced by PQ2+/ PQ+ redox cycling.
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STEREOSELECTIVE NEUROTOXICITY OF SOME NEW
ANTICONVULSANT N, N’-DISUBSTITUTED CHIRAL
SPIROHYDANTOINS.

N. Anreddy, R. A. Stephani, I. Sadarangani, S. Bhatia and J. N. Wurpel.
Pharmaceutical Sciences, St. John’s University, Jamaica, NY.
Four new N-1’, N-3’-disubstituted-2’H, 3H, 5’H-spiro-(2-benzofuran-1,4’-imidazolidine)-2’,3,5’-triones bearing chiral N-3’and C-4 spiro chiral centers were synthesized and resolved into their four diastereomers. Each was tested for anticonvulsant activity by subcutaneous penteylene tetrazole (scPTZ) test and maximal
electric shock (MES) assay. Phenobarbital and DMSO were used as positive and
negative controls, respectively and a dose 300 mg/kg of the test compounds were
administered to mice intraperitoneally Neurotoxicity was determined by the rotorod and righting reflex tests using doses of 30, 100 and 300 mg/kg. The S,S diastereomer had no anticonvulsant activity. The R,R and S,R diastereomers showed
significant anticonvulsant activity in scPTZ test at 300mg/kg, when compared to
DMSO controls. The R,S diastereomer displayed little anticonvulsant activity in
the MES test at 300 mg/kg. Compounds showing anti convulsant activity at a high
doses (300 mg/kg) were tested for neurotoxicity. Owing to their pharmacokinetics
parameters, 30 minutes was allowed before testing for motor coordination and
righting reflex. The compound bearing the R configuration in the 1-phenylethyl
substituent at the N-3’ position significantly impaired the motor activity, (p<0.05)
compared to negative control. R,S- and S,R diastereomers did not impair motor activity, but demonstrated anticonvulsant activity. This suggests that compounds
with R-spiro carbon configuration selectively act on hippocampal neurons inhibiting the neuronal firing without effecting basal ganglia, whereas S-chiral stereoisomers, act nonselectively on basal ganglia, causing impaired motor coordination.
None of the compounds had an affect on the righting reflex.
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REVISED REFERENCE CONCENTRATION FOR
MANGANESE OXIDE BASED ON RECENT
EPIDEMIOLOGICAL AND PHARMACOKINETIC
STUDIES.

L. A. Bailey, J. E. Goodman and B. D. Beck. Gradient, Cambridge, MA.
In 1993, based on observations of subclinical neurological effects in workers, the
United States Environmental Protection Agency (US EPA) published a reference
concentration (RfC) of 0.05 μg/m3 for manganese (Mn). Over the last 18 years,
numerous epidemiological, toxicological, and pharmacokinetic studies have been
conducted that strongly support a revision to the current Mn RfC. We reviewed the
most recent data and propose two alternate RfCs for Mn. Of 12 recent occupational studies of eight cohorts with chronic exposure durations, examining subclinical neurobehavioral effects, predominantly on the motor system, three were considered appropriate for development of an RfC, based on use of respirable Mn data,
personal air monitoring, and evaluation of an unexposed control population. All
three studies yielded no observable adverse effect levels (NOAELs) of approximately 60 μg/m3 respirable Mn. We also reviewed recent physiologically based
pharmacokinetic (PBPK) modeling studies that predict similar Mn tissue concentrations (from Mn inhalation exposure concentrations ranging from 1-10 μg/m3)
in the target brain region in the human fetus, nursing infant, and child compared
to those in the mother and other adults, suggesting that concentrations below 10
μg/m3 Mn in air would not lead to accumulation of Mn in the brains of human fetuses, children, and adults. Based on our review, we determined uncertainty factors
(UFs) were not necessary for developmental toxicity or for use of a subchronic or
lowest observable adverse effect level (LOAEL) study. We applied a UF of 10 to account for susceptible subpopulations (abnormal hepatobiliary function or sub-optimal iron). Converting the occupational NOAEL (60 μg/m3) to a human equivalent
concentration (HEC) of 21 μg/m3 (for continuous exposure) yielded an RfC of 2
μg/m3. We derived a similar RfC (7 μg/m3) using a Mn benchmark dose (BMD) of
200 μg/m3 as the point of departure. These RfCs fall below the recently proposed
Mn accumulation threshold of 10 μg/m3, providing additional support for their application in Mn inhalation risk assessments.
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COMPARISON OF BRAIN METABOLITE CHANGES IN
MANGANESE-EXPOSED WELDERS AND SMELTERS.

Z. Long1, Y. Jiang3, X. Li4, J. Xu1, 2, L. Long4, W. Zheng1, J. Murdoch5 and U.
Dydak1, 2. 1School of Health Sciences, Purdue University, West Lafayette, IN,
2Department of Radiology, Indiana University School of Medicine, Indianapolis, IN,
3Department of Occupational Health and Toxicology, Guangxi Medical University,
Nanning, China, 4Department of Radiology, Guangxi Medical University, Nanning,
China and 5Toshiba Medical Research Institute USA, Cleveland, OH.
Excessive manganese (Mn) exposure is known to cause cognitive, psychiatric and
motor deficits. Mn overexposure occurs in different occupational settings, where
the type and level of exposure may vary. Magnetic resonance imaging (MRI) and

spectroscopy (MRS) can be used to evaluate brain Mn accumulation and to measure Mn-induced metabolite changes non-invasively. The aim of this study was to
compare metabolite changes among different brain regions of welders and smelters
following occupational Mn exposure. Nine Mn-exposed smelters, 14 Mn-exposed
welders and 23 male matched controls were recruited from a cohort of workers
from two factories in China (mean airborne Mn level: 0.227 and 0.025 mg/m3 for
smelters and welders, respectively). Short-echo-time 1H MRS spectra were acquired in each subject from four volumes of interest: the frontal cortex, posterior
cingulate cortex, hippocampus, and thalamus. We found that 1) in the frontal cortex, significantly decreased creatine (Cr), glutamate (Glu) and glutathione (GSH)
were found in welders, whereas decreased Glu was found in smelters as compared to
controls. 2) In the thalamus, reduced myo-inositol was found in both smelters and
welders, while Glu and GSH were decreased in welders. These results suggest that
Mn-induced brain metabolite changes may be regional in nature and more extensive in welders than in smelters. The frontal cortex seems to show a more profound
change than the other brain areas tested among Mn exposed subjects. Further studies are needed to investigate the effects of exposure type and length on the mechanism of Mn neurotoxicity. (Supported by NIH/NIEHS R21 ES-017498, National
Science Foundation of China Grant #81072320 and 30760210).
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BASELINE COMPARISON OF BRAIN METABOLITES
BETWEEN RHESUS MONKEYS AND HUMANS BY MRS.

Z. Long1, J. Xu1, 2, J. L. McGlothan3, R. Edden4, 5, P. Barker4, 5, T. R. Guilarte3
and U. Dydak1, 2. 1School of Health Sciences, Purdue University, West Lafayette, IN,
2Department of Radiology, Indiana University School of Medicine, Indianapolis, IN,
3Department of Environmental Health Sciences, Columbia University Mailman
School of Public Health, New York, NY, 4Russell H. Morgan Department of
Radiology and Radiological Science, Johns Hopkins University, Baltimore, MD and
5F.M. Kirby Center for Functional Brain Imaging, Kennedy Krieger Institute,
Baltimore, MD.
Magnetic Resonance Spectroscopy (MRS) provides a unique possibility to non-invasively detect and quantify brain metabolites in vivo. A variety of studies on manganese neurotoxicity are being performed in monkeys and in humans using MRS.
However, little is known about the difference of brain metabolites between monkeys and humans using MRS. Here we compare the baseline difference of brain
metabolites, especially of the major inhibitory neurotransmitter gamma-aminobutyric acid (GABA), between the two species using exactly the same imaging sequence on the same type of scanner. Brain metabolites of 7 rhesus monkeys (male,
mean age = 6.5y, about 20y in human years) and 8 healthy humans (male, mean age
= 26.2y) were acquired on a 3T Philips Achieva clinical MRI scanner. GABA data
was obtained from a brain volume containing thalamus and adjacent basal ganglia
structures by the MEGA-PRESS sequence. Other brain metabolites were obtained
and scaled to water in volumes of frontal cortex and thalamus, including glutamate
(Glu, the major excitatory neurotransmitter), N-Acetyl-aspartate (NAA, a neuronal
marker), total creatine (tCr) and choline (tCho). We found that monkey thalamus
showed higher GABA/tCr than human thalamus, with a difference of 27.6%
(p<0.05). Monkeys had lower NAA in both the frontal cortex (p<0.01) and thalamus (p<0.05). Levels of Glu and tCho were higher in human frontal cortex
(p<0.05), while tCr was higher in human thalamus (p<0.05). These results provide
firsthand information on the baseline differences of various brain metabolites between rhesus monkeys and humans. (Supported by NIH ES017498 and
ES010975)

998

INCREASED CORTICAL GABA LEVELS IN
MANGANESE-TREATED RATS.

S. Dharmadhikari1, 2, J. Xu1, 2, A. Epur2, W. Zheng1 and U. Dydak1, 2. 1School of
Health Sciences, Purdue University, West Lafayette, IN and 2Indiana University
School of Medicine, Indianapolis, IN.
While manganese (Mn) is important for neuronal function, high exposure levels
may cause neurotoxicity leading to Parkinsonism. Both in early idiopathic
Parkinson’s disease as well as in Mn exposure, elevated levels of γ-aminobutyric acid
(GABA) in the basal ganglia and thalamus have been reported, suggesting the importance of GABA in Mn-induced neurotoxicity. In this pilot study, we used 1H
brain Magnetic Resonance Spectroscopy (MRS) to examine in vivo GABA levels in
selected brain areas of rats sub-chronically exposed to Mn. This longitudinal study
included 5 adult rats receiving 6 weeks of ip MnCl2 injections (10mg/kg, 5 d/wk)
and 3 adult rats receiving saline injections as controls. 1H brain MRS was conducted on a 9.4T MRI scanner at baseline, wk 2, 4, and 6. 1H spectra were acquired
from the cortex, thalamus and striatum using an ultra-short echo-time single voxel
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spectroscopy sequence. The spectra were analyzed using the fitting tool LCModel
to obtain quantification of a total of 8 metabolites including GABA, N-acetylaspartate, creatine, choline, glutamate, glutamine, glutathione and myo-Inositol.
In the Mn-treated group we found increased cortical GABA levels compared to
baseline and to the control group, which was highest in week 2 (p=0.011) and then
slowly decreased over time (p=0.007 in week 4, p=0.28 in week6 compared to baseline). A decrease of GABA in thalamus was observed at week 6 (p=0.008 compared
to baseline). No changes in GABA levels were found in the control group in any
brain region, nor in the striatum of the Mn-exposed rats. For other metabolites investigated no significant changes in any brain region were found, which however
may be due to the small number of animals studied.
Our pilot study suggests that although the site of change in GABA in the subchronically exposed rats may be different from those found in Mn exposed humans,
early Mn toxicity may be detectable by monitoring changing GABA levels using 1H
MRS.

999

X-RAY FLUORESCENT IMAGING FOR STUDYING MNINDUCED NEUROTOXICITY IN RATS.

G. A. Robison1, T. Zakharova1, W. Jiang2, R. Fulper1, R. Barrea3, M. A.
Marcus4, W. Zheng2 and Y. Pushkar1. 1Physics, Purdue University, West Lafayette,
IN, 2School of Health Sciences, Purdue University, West Lafayette, IN, 3Advanced
Photon Source, Argonne National Laboratory, Argonne, IL and 4Advanced Light
Source, Lawerence Berkeley National Laboratory, Berkeley, CA.
Manganese (Mn) is an essential element necessary in small amounts for proper
brain function. However, excessive Mn exposure results in manganism, a condition
resembling Parkinson’s disease (PD). Welders and smelters are susceptible to this
condition as well as those suffering from chronic liver failure. Despite its vital role,
the mechanisms by which Mn causes neurodegenerative damage are not clearly understood. This study utilized X-ray fluorescent (XRF) imaging at synchrotron
sources to map metal concentrations of the rat brain in situ. Treated groups of male
Sprague–Dawley rats underwent weekday intraperitoneal injections of 6 mg Mn/kg
over the course of four weeks while control groups received a similar volume of
saline solution. Tissue samples 30μm thick were exposed to a focused x-ray beam,
raster scanned, and pixel spectra collected. Spectra were then fitted to identify biologically relevant metals and quantification performed by measuring standards
under similar experimental conditions. Using XRF imaging techniques, this study
found the highest Mn content in dopaminergic neurons of the substantia nigra pars
compacta (SNc) and gabaergic neurons in the globus pallidus (GP) and thalamus.
While Mn accumulation in GP is well established, this is the first time (to the best
of our knowledge) when a technique was able to directly visualize Mn distribution
in the SNc. Mn accumulation in dopaminergic neurons of the SNc visualized here
with XRF provides a potential link between Mn-exposure and PD. We also identified increased Mn within the hippocampal substructures of the dentate gyrus (DG)
and CA3. The ratio of Fe/Mn and Cu/Mn within the DG and CA3 were significantly altered for treated samples suggesting the potential saturation of and competition for Fe and Cu related transport mechanisms.

1000

MANGANESE EXPOSURE DISRUPTS COPPER (CU)
HOMEOSTASIS AT BLOOD-CSF BARRIER: ROLE OF
CU TRANSPORTER ATP7A.

X. Fu, Y. Zhang, W. Jiang and W. Zheng. School of Health Sciences, Purdue
University, West Lafayette, IN.
Increased Cu levels in blood, saliva and brain were found in the Mn-exposed animals and humans. However, the underlying mechanism remains unknown. ATP7A
functions as a Cu exporter to transport Cu from the cytosol to membrane to maintain the intracellular Cu homeostasis. This study was designed to test the hypothesis that Mn exposure disrupted the Cu homeostasis at the blood-CSF barrier (BCB)
by interfering Cu transport function of ATP7A. Rats received i.p. injection of 6 mg
Mn/kg as MnCl2 or saline, 5 d/week for 4 wks. Increased Cu and Mn levels in
serum and CSF were detected following Mn exposure. An in situ ventriculo-cisternal perfusion by infusing [64Cu] and a space marker [14C]-sucrose was conducted
to determine the Cu clearance function of BCB. Results showed that Mn exposure
significantly increased the [64Cu] radioactivity by 2.6 fold, as compared with controls, in the CSF effluent collected from the cisternal magna, suggesting a reduced
Cu clearance by the BCB. Confocal images displayed ATP7A translocated from cytosol toward the apical membrane in the plexus tissue. ATP7A was observed located
at perinuclear region in control Z310 cells. Treatment of the cells with 100 μM
MnCl2 for 24 hrs led to a significantly decreased ATP7A fluorescent intensity.
Both mRNA and protein expression levels of ATP7A in the tissue and Z310 cells
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were significantly reduced in Mn-exposed rats and Z310 cells. The two-chamber
Transwell [64Cu] transport studies showed that Cu efflux was significantly reduced
following Mn exposure or when ATP7A expression was knocked down by siRNA.
Collectively, these data suggest that subchronic Mn exposure distorts the Cu balance at BCB by impairing the Cu clearance function of BCB; the effect appears to
be due mainly to the reduction and translocation of ATP7A from cytosol toward
the apical membrane. This may lead to an increased intracellular [64Cu] buildup
and decreased Cu efflux. Consequently Mn exposure results in a high Cu level in
brain. (Supported by NIH/RO1-ES008146)

1001

MANGANESE-RELATED DIFFERENTIAL PROTEOME
IN CEREBROSPINAL FLUID FROM RATS BY LABEL
FREE METHOD.

G. J. Li1, K. Wei2, H. Jing1, T. Zhang2, C. Zhao1, L. Ma1, X. Zhang2, F. Yang2
and Y. Chen3. 1Institute for Toxicology, Beijing Centers for Disease Control and
Prevention, Beijing, China, 2Beijing Proteome Research Center, Beijing, China and
3Xinjiang Medical University, Urumqi, China.
Excessive occupational and environmental Manganese (Mn) exposure may induce
Parkinsonism; yet the mechanism has not been completely elucidated. The regulation of brain Mn depends largely on the blood-brain barrier and blood-cerebrospinal fluid barrier (BCB). The latter is constituted by choroid plexus (CP) epithelial cells, which is specialized for cerebrospinal fluid (CSF) production, has been
considered as a primary target in Mn-induced neurotoxicity. This study aims to explore the differential proteome in CSF after sub-acute and sub-chronic Mn exposure in SD rats. Rats (1.5 month) were divided into 6 groups; each received daily ip
injections of either MnCl2 (6 mg Mn/kg BW) or saline (as controls) for 30days
(sub-acute), 90 days (sub-chronic), or 90 days followed by additional 30-day convalescence. The CSF were collected and analyzed. This Mn-animal model was evaluated and Mn-related proteome in CSF was analyzed by a novel proteomic technique of label-free nanoHPLC-Q-TOF-MS/MS. A total of 123 Mn-related
differential proteins in CSF were identified, of which 55 were up-regulated, 68
were down-regulated. Based on the information of Gene Ontology (GO) categories, these differentially expressed proteins were mainly from the nuclei, involving in the function of binding; however, more than half of the proteins have no
characterized biological function. Considering of majority of proteins in CSF are
produced and excreted by CP, these differential proteins may be valuable for explore
the novel potential biomarkers to diagnose and monitor the progression of Mn-induced neurodegenerative disease clinically; meanwhile, the results shed light on the
future molecular mechanism study of Mn on choroids plexus epithelial cells.
Further verification of these differentially expressed proteins and analysis including
protein-protein interaction deserve in-depth investigation.

1002

LOSS OF PDR-1/PARKIN INCREASES SUSCEPTIBILITY
TO MANGANESE TOXICITY IN A C. ELEGANS MODEL.

S. Chakraborty1, 2, K. Erikson4 and M. Aschner2, 3. 1Neuroscience Graduate
Program, Vanderbilt University Medical Center, Nashville, TN, 2Center of Molecular
Toxicology, Vanderbilt University Medical Center, Nashville, TN, 3Pediatrics,
Vanderbilt University Medical Center, Nashville, TN and 4Nutrition, University of
North Carolina, Greensboro, NC.
Environmental overexposure to the essential trace element manganese (Mn) can result in an irreversible, toxic condition known as manganism. This disorder shares
similar neuropathology with Parkinson’s disease (PD), including increased mitochondrial dysfunction and dopaminergic (DAergic) cell loss. However, the mechanisms behind the pathophysiology of both disorders remain unclear. Many PD
genes have been identified to explain a subset of cases, including the parkin/PARK2
gene that encodes for the E3 ubiquitin ligase parkin and is also involved in mitophagy. Previous in vitro evidence has shown that parkin selectively protects
against DAergic cell death induced by Mn toxicity. Using C. elegans as a model that
contains the necessary DAergic machinery, we hypothesize that a loss-of-function
mutation in pdr-1, the worm homolog of parkin, would increase vulnerability to
Mn toxicity compared to wildtype (WT) worms. Synchronous L1 worms from WT
and pdr-1 mutant strains were acutely exposed to MnCl2 for 30 minutes, followed
by lethality and lifespan assays. Here, we show that a loss of pdr-1 increases Mn-induced lethality compared to WT worms (p<0.001). Furthermore, Mn exposure significantly shortens lifespan in WT worms (p<0.01), with pdr-1 mutants showing a
significant decrease in lifespan compared to WT worms (p<0.001). In addition,
pdr-1 mutants show higher, dose-dependent Mn accumulation compared to WT
worms (p<0.001), suggesting impaired Mn homeostasis. Finally, real-time PCR
analysis from pdr-1 mutants shows up-regulation of smf-3 (p<0.05), the worm ho-

molog of the primary mammalian Mn transporter divalent metal transporter1
(DMT1). These data indicate that pdr-1/parkin is protective against Mn toxicity in
vivo, and suggest that pdr-1/parkin may be able to modulate Mn homeostasis by
regulating the expression of the primary Mn transporter SMF3/DMT1.

1005

INCREASED EXPRESSION OF PRO-APOPTOTIC
KINASE PKCδ DURING MANGANESE EXPOSURE:
IMPLICATIONS FOR GENE-ENVIRONMENT
INTERACTIONS IN NEURODEGENERATION.

H. Jin, A. Kanthasamy, V. Anantharam and A. Kanthasamy. Iowa State
University, Ames, IA.

1003

C. ELEGANS DJ-1 HOMOLOGUES DIFFERENTIAL
REGULATE LIFESPAN AND SURVIVAL UPON ACUTE
MANGANESE EXPOSURE.

M. R. DeWitt1, 2 and M. Aschner2. 1Neuroscience Graduate Program, Vanderbilt
University, Nashville, TN and 2Department of Pediatrics, Vanderbilt University,
Nashville, TN.
Parkinson’s Disease (PD) represents the second leading cause of neurodegenerative
disease. PD shows clinical symptoms of motor pathology defined by rigidity and
hyperkensia linked to the progressive loss of dopaminergic (DAergic) cells in the
midbrain. The origins of PD pathology are still unknown, but risk factors for PD
have been identified, including age, specific genetic mutations, and exposure to toxins such as Manganese (Mn). Examination of Familial cases of PD has lead to the
discovery of genes that lead to inherited PD such as DJ-1 (PARK7). DJ-1 has been
implicated as a redox-sensitive transcription factor and chaperone, and its loss of
function has been linked to familiarly early-onset PD, further linking oxidative
stress, age, and PD. In this study we investigate the roles of the two C. elegans DJ-1
homologues djr-1.1 and djr-1.2, in lifespan and survival after Mn exposure. C. elegans synchronized at larval stage LI were exposed to MnCl2 (0-1M) for 30 minutes
in our acute Mn exposure paradigm. Each exposure sample contained about 2500
worms and was repeated in triplicate for Wild type (N2), djr-1.1 deletion (djr1.1(tm918)), djr-1.2 deletion (djr-1.2(tm1346)) strains, and double djr deletion
(djr-1.1(tm918); djr-1.2(tm1346). Deletion of either djr-1.1 or djr-1.2 showed an
increased sensitivity to Acute Mn Exposure, as represented by the leftward shift of
the dose-response curve for the deletion strains when compared to WT strains, as
well as significantly reduced LD50 for djr-1.1 deletion (LD50=38) as well as djr1.2 deletion (LD50=15) when compared to wildtype (LD50=49). Lifespan is reduced in both djr-1.1 and djr-1.2 deletion mutants upon Mn exposure, but only
djr-1.2 deletion shows significantly reduced lifespan compared to wildtype animals
treated with 50mM MnCl2. Taken together this suggest that both djr homologes
are responsible for sensitivity to Mn in survival, but only djr-1.2 is responsible for
lifespan maintenance under Mn exposure.

1004

THE EFFECTS OF MANGANESE AND COPPER ON
MITOCHONDRIAL MEMBRANE POTENTIAL IN THE
GILL OF CRASSOSTREA VIRGINICA.

B. Boisette, F. Dailey, K. Dorce, E. J. Catapane and M. A. Carroll. Biology,
Medgar Evers College, Brooklyn, NY.
Tissue accumulations of manganese (Mn) or copper (Cu) is characteristic of the
neurodegenerative disorders Manganism and Wilson’s Disease, respectively. While
essential in trace amounts, excess Mn or Cu can cause oxidative stress with resulting
cellular damage. The mitochondrion is a source and target of oxidative stress and
recently more emphasis is being placed on the role of mitochondrial dysfunction in
various neurodegenerative diseases. We found isolated gill mitochondria from the
oyster Crassostrea virginica, treated with Mn or Cu, had impaired oxygen utilization. Oxidative damage has been shown to cause a loss of mitochondrial membrane
potential with associated mitochondrial dysfunction. Here we used 2 cationic fluorescent dyes, TMRM and JC-1 to determine effects of Mn and Cu on mitochondrial membrane potential. Gills from C. virginica were dissected, homogenized and
fractionated to isolate mitochondria before metal treatments. For JC-1 we compared fluorescence intensities at 525 nm excitation and 590 nm emission of Mn
treated (50-150 mM) isolated mitochondria to that of control. The Mn treated
showed a dose dependant decrease in fluorescence of up to 70%. For TMRM we
compared the slope of the 573/564 nm excitation, 590 nm emission fluorescence
intensity ratio over a 10 min period. A decreasing slope indicates loss of mitochondrial membrane potential. Treating isolated mitochondria with Cu resulted in a
dose dependant reversal in slopes from 20 to -20 and from 15 to -3, respectively. Cu
was more toxic than Mn and both fluorescent dyes were equally effective in showing that short-term treatments with Mn or Cu could de-energize gill mitochondrial
membrane potentials. This information correlates well with our previous findings
on the toxic effects of Mn and Cu on mitochondrial respiration. Identifying the
molecular and cellular mechanisms of metal-induced oxidative stress will provide a
better understanding of the pathophysiological features of neurodegenerative disorders associated with metal toxicity.

Environmental exposure to excessive manganese (Mn) is known to cause a neurological condition termed manganism, resulting from impairment of neurons within
basal ganglia. However, the cellular and molecular mechanisms underlying the neurotoxic effects of Mn remain elusive. Because we recently demonstrated that protein
kinase Cδ (PKCδ) is an oxidative stress sensitive kinase that plays a causal role in
apoptotic cell death in Mn neurotoxicity models, herein we examined the molecular mechanisms underlying PKCδ gene expression in neuronal cells during Mn exposure. As a proof of concept, we first examined the effect of Mn on PKCδ expression in NIE115 cells and primary striatal neurons as well as in animal model of Mn
neurotoxicity. Mn exposure (100-300 μM for 24-48h) potently induced PKCδ
protein and mRNA levels in primary striatal neurons and NIE115 cells.
Importantly, Mn exposure (3 or 10 mg Mn/kg) in C57 black mice via oral route
also confirmed the PKCδ upregulation in the basal ganglia. Primary striatal neurons obtained from PKCδ knockout mice showed resistant against Mn toxicity,
demonstrating that PKCδ plays a critical role in Mn-induced neurotoxicity. We further elucidated the mechanisms underlying the Mn-induced up-regulation of
PKCδ in cell culture models. Using PKCδ promoter reporter and ChIP assays, we
identified that NFκB is essential for both basal and Mn-mediated PKCδ expression. In addition, we investigated the possible involvement of DNA methylation in
regulating PKCδ expression. Using bioinformatics method, we found a putative
CpG island (+39 to +400 relative to transcription start site) located within mouse
PKCδ promoter. By methylation-specific PCR, we identified that the PKCδ promoter is partially methylated in neuronal cells. Collectively, our data suggest that
environmental Mn exposure can alter expression of oxidative stress sensitive kinase
PKCδ in the basal ganglia and that both NFκB and promoter methylation play
roles in regulation of PKCδ gene expression (supported by NIH grants ES10586 &
ES19267).

1006

EARLY MARKERS OF CELLULAR MANGANESE
NEUROTOXICITY: RELATIONSHIP BETWEEN
MANGANESE AND GOLGI PHOSPHOPROTEIN 4
(GPP130).

M. J. Masuda, M. Braun-Sommargren, D. Crooks and D. R. Smith.
Microbiology and Environmental Toxicology, University of California Santa Cruz,
Santa Cruz, CA.
While much is known about potential cellular mechanisms of manganese (Mn)
neurotoxicity at elevated exposure levels, little is understood about cellular responses to lower exposures at the transition between physiologic to toxic levels of
Mn. Previously we showed that elevated cellular Mn levels lead to the rapid lysosome-mediated degradation of the cis-Golgi associated protein Golgi
Phosphoprotein 4 (GPP130) in AF5 neuronal cells. In order to determine if
GPP130 plays a role in mediating the cytotoxic effects of Mn, we investigated the
dynamics of the Mn effect on GPP130 degradation in vitro and in vivo. We determined that GPP130 degradation in AF5 cells is specific to Mn, and not other divalent cations, since cellular GPP130 levels were reduced by ~80% in cells treated
with 100 uM Mn for 24 hours, while no effect was observed in cells treated with
100 uM Co, Cu, Zn, Ni, or 300 uM Fe. To determine the sensitivity of the
GPP130 degradation response to Mn, AF5 cells were treated with 0.25, 1, 5, 25, or
150 uM Mn for 24 hours. Results show that GPP130 degradation occurs in a doseresponse manner starting at the lowest Mn exposure level of 0.25 uM, even though
total intracellular Mn levels measurably increased only in the 150 uM treatment.
This suggests that GPP130 degradation is sensitive to immeasurably small changes
in intracellular Mn levels. To determine the temporal nature of the GPP130 degradation response to Mn, AF5 cells were treated with 5 or 100 uM Mn for 1, 2, 4, or
8 hours; results indicate that GPP130 degradation occurs very rapidly, with significant (~40%) GPP130 degradation by 1 hr at 100 uM Mn and ~25% GPP130
degradation by 2 hours at 5 uM Mn. Collectively, these results suggest an important and novel cellular response to Mn over the transition from physiologic to toxic
cellular Mn levels. Studies now underway are exploring the role of GPP130 in mediating the sensitivity of cells to elevated Mn, and the extent that these effects occur
in an animal model of early-life Mn exposure.
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MANGANESE DECREASES HUNTINGTIN
PHOSPHORYLATION AT SERINE 421, INCREASES
HUNTINGTIN PROTEIN LEVELS, AND DECREASES
BDNF EXPRESSION IN CULTURED NEURONS:
IMPLICATIONS FOR STRIATAL MEDIUM SIZE SPINY
NEURON DEGENERATION IN MANGANESE
NEUROTOXICITY AND IN HUNTINGTON’S DISEASE.

J. L. McGlothan, K. H. Stansfield and T. R. Guilarte. Environmental Health
Sciences, Columbia University Mailman School of Public Health, New York, NY.
In Huntington’s disease (HD), the polyglutamine expansion in the Huntingtin
(Htt) gene is pathogenic and results in medium size spiny neuron (MSN) degeneration in the striatum due to decreased synthesis and disruption of brain-derived
neurotrophic factor (BDNF) transport from cortical neurons (Zuccato et al, Brain
Path 18: 225, 2008). Phosphorylation of Htt at serine 421 (S421) has been shown
to control neurotrophic support and survival of MSN by regulating BDNF synthesis, BDNF vesicular transport (Gauthier et al, Cell 118: 127, 2004) and NMDA receptor excitotoxicity (Metzler et al., J Neurosci 30: 14318, 2010). Similarly, high
dose Mn injections have been shown to decrease MSN dendritic length and dendritic spine density in the striatum (Milatovic et al TAAP 240: 219, 2009). In the
present study, we thought to determine if Mn had an effect on Htt protein level and
phosphorylation at S421 and BDNF levels.
Primary culture of cortical (Ctx) and hippocampal (Hipp) neurons exposed to low
levels of Mn (vehicle, 1 or 5 μM) during DIV7-12 decreased dendritic (immunocytochemistry) and whole cell (Western blot) proBDNF protein levels in both culture types. Exposure to Mn also significantly reduced pS421Htt levels in cortical
and Hipp neurons while increasing total Htt protein at the highest level of Mn exposure. These data indicate that excess levels of Mn can have neurotoxic effects in
MSN by decreasing the phosphorylation of Htt at S421, an effect that has been associated with decreased BDNF synthesis and transport. These studies also suggest
the possibility that excess exposure to Mn may be able to modify the temporal expression of HD by affecting the same molecular and cellular mechanisms as the
polyglutamine expansion of the Htt gene, the principal cause of neurodegeneration
in HD.[This work was supported by NIEHS grant ES010975 to TRG]

1009

D. Harischandra, H. Jin, A. Kanthasamy, V. Anantharam and A. G.
Kanthasamy. Biomedical Sciences, Iowa State University, Ames, IA.
The role of α-synuclein (α-Syn) aggregation in neurodegeneration is well recognized, but the physiological function of normal α-Syn protein remains unknown.
Recently, we demonstrated that α-Syn negatively regulates a proapoptotic kinase
Protein Kinase Cδ (PKCδ) and suppresses parkinsonian toxicant MPP+ induced
dopaminergic neurodegeneration. In the current study, we further show that α-Syn
exhibits a neuroprotective role against acute manganese (Mn) induced neurotoxicity in a dopaminergic cell model of Parkinson’s disease (N27 cells). Stable expression of human wild type α-synuclein at physiological levels in N27 cells significantly attenuated Mn (300μM) induced neurotoxicity for up to 24 hr of exposure.
To further explore the cellular mechanisms, we studied the mitochondrial dependent apoptotic pathway. Western Blot analysis revealed a time-dependent reduction
in the levels of cytosolic cytochrome c release following Mn exposure in the α-Synexpressing cells compared to vector control cells. Further analysis of the caspase cascade suggests that α-Syn significantly attenuated the Mn-induced caspase -3 and -9
activation in a time-dependent manner. Interestingly, the Mn-induced reactive oxygen species (ROS) generation was not affected by stable expression of α-Syn in N27
cells. Stable expression of α-Syn also dramatically reduced Mn induced proteolytic
activation of the pro-apoptotic kinase PKCδ. Furthermore, we examined whether
α-Syn interferes with Mn transportation into the cells. ICP-MS studies revealed no
significant differences in intercellular Mn levels in treated vector and α-Syn cells.
Analysis of metal transporter DMT1 expression also showed no differences between
α-Syn over expressed cells and vector cells, suggesting α-Syn didn’t interfere with
Mn uptake in the cells. Collectively, these results demonstrate that α-Syn exhibits
neuroprotective effects against Mn induced neurotoxicity during early acute toxicity in a dopaminergic neuronal model of PD (NIH grants ES19267 ES10586
NS74443).

1010
1008

MANGANESE EXPOSURE DOWNREGULATES STAT5B
TO COMPROMISE THE CELLULAR PROTECTIVE
MECHANISMS AGAINST THE METAL
NEUROTOXICITY.

D. Kim, A. Kanthasamy, H. Jin, V. Anantharam and A. G. Kanthasamy.
Department of Biomedical Sciences, Iowa Center for Advanced Neurotoxicology, Iowa
State University, Ames, IA.
Although manganese (Mn) is an essential element found in most tissues, chronic
exposure to Mn has been linked to the pathogenesis of manganism, which displays
neurological abnormalities somewhat similar to those associated with Parkinson’s
disease. However, the cellular and molecular mechanisms underlying Mn-induced
neurotoxicity are yet to be defined. Recently, we showed that protein kinase C delta
is one of the key mediators of Mn-induced apoptosis in neuronal cells. To further
characterize the kinase dependent cell death signaling mechanisms, we examined
the effect of Mn on several signaling pathways, including signal transducer and activator of transcription (STATs). Interestingly, 300μM Mn exposure in N27
dopaminergic neuronal cells over a 12 hr downregulated STAT5b protein levels in
a time dependent manner. However, STAT1 was unaffected during the Mn treatment, indicating the isoform specific effect of Mn on STAT5b. qRT-PCR analysis
also showed a reduced level of STAT5b mRNA levels in Mn treatment. Exposure of
Mn to primary striatal cultures also reduced STAT5b. Furthermore, Bcl2, one of
the downstream targets of STAT5b, was concomitantly reduced with STAT5b
downregulation. Also, the downregulation of STAT5b inversely correlated with increase in apoptosis, as measured by caspase-3 proteolytic cleavage. Importantly,
knockdown of STAT5b sensitized cells to Mn toxicity, demonstrating a pro-survival role for STAT5b. In order to recapitulate the results of cell studies in an animal
model, C57 black mice were treated with 10 and 30mg/kg via oral gavage for 30
days. Analysis of striatal brain tissue showed significantly reduced STAT5b in Mntreated mice compared to the control group. Taken together, our results suggest that
Mn exposure downregulates STAT5b in striatal neurons and that Mn-induced
downregulation of STAT5b may compromise the protective signaling pathway to
exacerbate neuronal cell death (NIH grants ES10586, ES19267, NS74443).
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HUMAN α-SYNUCLEIN PROTECTS AGAINST
MANGANESE NEUROTOXIC INSULT DURING THE
EARLY STAGES OF EXPOSURE IN A DOPAMINERGIC
CELL MODEL OF PARKINSON’S DISEASE.

EXPRESSION AND AGGREGATION OF A-SYNUCLEIN
IN THE BLOOD-CSF BARRIER: INITIAL EVIDENCE
FOR THE INFLUENCE OF CELLULAR MANGANESE
AND COPPER STATUS.

C. A. Bates, G. Zheng, X. Fu and W. Zheng. Health Sciences, Purdue University,
West Lafayette, IN.
The blood-cerebrospinal fluid barrier (BCB) is a specialized tissue composed of
choroid plexus epithelia and functions to produce the cerebrospinal fluid (CSF)
and maintain the homeostasis of a wide variety of molecules in the brain. Alphasynuclein (a-Syn) plays a central role in the pathology of Parkinson’s disease (PD)
and is detectable in the CSF. Little is known about the BCB’s role in the transport
and clearance of CSF a-Syn in the early stages of PD. This study was designed to
test the hypothesis that choroidal epithelial Z310 cells express a-Syn endogenously,
and exposure to toxic metals may increase its expression and/or induce aggregation.
Both Western blot and confocal imaging (CI) revealed that a-Syn was expressed
naturally in Z310 cells, and that clathrin was incorporated in extracellular a-Syn
uptake. When Z310 cells were incubated with 100 μM MnCl2 for 24 and 48 hr,
the immunofluorescence data obtained by CI showed that in comparison to the cytosolic, homogenous signal of the control cells, Mn exposure induced a-Syn aggregation characterized by the formation of the small, cytosolic dots emitting a relatively intense signal. Our lab has recently produced an iZCTR1 cell line which,
upon adding tetracycline (Tet) to the culture medium, can induce the overexpression of a copper (Cu) transporter CTR1 (see poster by Zheng G & Zheng W).
Treatment of iZCTR1 cells with 1 μg/mL Tet for 24 hr followed by incubation
with 5 μM CuCl2 for 1 hr resulted in visible a-Syn aggregation in iZCTR1 cells.
These results suggest the BCB expresses a-Syn. Mn exposure likely facilitates the
cellular aggregation of a-Syn in the BCB. This effect may be due in part to Mn-induced Cu accumulation in the BCB (see poster by Fu et al); the latter in turn induces a-Syn aggregation. These data provide the foundation on which further studies on a-Syn transport and clearance by the BCB and the consequential effects of
toxic metal exposure are warranted. (Support by NIH/NIEHS ES08146-S2
Minority Supplemental Award.)

1011

MECHANISM OF COPPER (CU) TRANSPORT AT THE
BLOOD-CEREBROSPINAL FLUID BARRIER:
INFLUENCE OF IRON DEFICIENCY IN AN IN VITRO
SYSTEM.

A. D. Monnot1, G. Robison2, G. Zheng1, Y. Pushkar2 and W. Zheng1. 1Health
Sciences, Purdue University, West Lafayette, IN and 2Physics, Purdue University, West
Lafayette, IN.
Copper (Cu) is an essential trace element that requires tight homeostatic regulation
to ensure appropriate supply without any toxic effects as a result of the strong redox
potential of the metal ion. This study was designed to elucidate the mechanism by
which iron deficiency (FeD) results in excess Cu accumulation at the blood-CSF
barrier. To explore this mechanism we examined the effect of FeD on cellular Cu retention and transporters Ctr1, DMT1, ATOX1, and ATP7A in choroidal epithelial
Z310 cells. Results revealed that deferoxamine treatment (FeD) resulted in significantly increased cellular Cu retention (p<0.05). In addition, FeD treatment resulted in a significant increase in the mRNA levels of DMT1, ATOX1, and
ATP7A. Knock down of Ctr1 or DMT1 resulted in significantly lower Cu uptake
by Z310 cells while the knockdown of ATOX1 or ATP7A resulted in substantial increases of cellular accumulation of Cu. In addition, DMT1 knockdown followed
by FeD treatment in Z310 cells did not result in the significant accumulation of intracellular Cu found with FeD treatment alone. μXRF imaging demonstrated that
Cu localized in the subventricular zone (SVZ) of the brain ventricles, was not affected by systemic Fe status. However, linear regression analysis of the SVZ identified a strong positive correlation between Cu and Fe (r=0.538, p=0.07). Taken together, these results suggest that Ctr1, DMT1, ATOX1, and ATP7A contribute to
Cu transport at the BCB and that the accumulation of intracellular Cu found in the
Z310 cells during FeD appears to be mediated, at least in part, via the upregulation
of DMT1 following FeD treatment.

1012

ESTABLISHMENT OF CHOROIDAL Z310 CELL-BASED
TETRACYCLINE (TET)-INDUCIBLE CTR1
EXPRESSION CELL LINE FOR COPPER (CU)
TRANSPORT AND TOXICOLOGICAL RESEARCH.

G. Zheng and W. Zheng. School of Health Sciences, Purdue University, West
Lafayette, IN.
Cu plays a critical role in pathoetiology of Parkinson’s disease and Alzheimer’s disease. Cu transporter-1 (CTR1) is responsible for cellular Cu uptake and has also
been identified at the blood-cerebrospinal fluid barrier (BCB). The purpose of this
study was to establish the choroidal epithelium-based CTR1-inducible cell line for
better understanding of the mechanism of the Cu transport by the BCB. A Tet Regulated Expression System (T-REx™) was used to clone CTR1 gene to
choroidal Z310 cells. Quantitative RT-PCR, Western blot and immunofluorescence techniques were used to screen the stable cell clones. A candidate was selected
for its high expression of CTR1 and later named iZCTR1. Addition of Tet to the
cells induced the overexpression of CTR1 mRNA and protein by 27 and 4.3 fold,
respectively, and caused a significant increase of cellular uptake of Cu but not iron
(Fe), manganese (Mn) or lead (Pb). The iZCTR1 cells expressed the tight junction
proteins. When grown in a two-chamber Transwell system, the cells were capable of
forming a cell monolayer with the TEER values and [14C]sucrose permeability
comparable to those of the Z310 cell-based barrier model. When 64Cu was added
to either the inner or outer chamber to study the direction of Cu transport by the
monolayer iZCTR1 cells, the cells appeared to have a similar capacity in transporting Cu in either direction. The 64Cu radioactivity in the receiver chamber was increased in a time-dependent manner. Interestingly, following the Tet-induced overexpression of CTR1, the transport of Cu from the donor to the receiver chamber
was significantly reduced (~38% at the steady state) in comparison to the cells without Tet induction. These results suggest that non-polarized cells can take up Cu
from both chamber of the Transwell. Together, the newly established inducible cell
line appears to be useful for studying the mechanisms of Cu transport in BCB cells;
however, iZCTR1 cell line may not be ideal for the Transwell-based study.
(Supported by NIH/NIEHS RO1-ES008146)

1013

COPPER AFFECTS ACCUMULATION OF AMYLOIDBETA IN THE BRAIN.

D. Kim, J. Song, J. Park and B. Choi. Department of Preventive Medicine, ChungAng University, Dongjak-gu, Seoul, Republic of Korea.
Accumulation of amyloid beta protein (Aβ) play a major role in the etiology of
Alzheimer’s disease (AD). Aβ are generated by the cleavages of amyloid precursor
protein (APP) by beta-site APP-cleaving enzyme 1 (BACE1). Decrease of Aβ con-

centration in the brain are involved in two major factors that are degradation by
peptidases such as neprilysin (NEP) and are regulated via two main receptors, the
low density lipoprotein receptor related protein 1 (LRP1) and the receptor for advanced glycation end products (RAGE), on blood-brain barrier (BBB). LRP1 is the
main receptor that clears Aβ from the brain to body, in contrast RAGE is the main
receptor that transports Aβ from the body to brain. Copper (Cu) is well known that
AD-related element, especially it’s involved in Aβ aggregation and toxicity.
According to a recent study, in addition, it’s reduce Aβ clearance from brain in cholesterol-fed rabbits. However, the critical mechanism is unclear. This study have
demonstrated whether Cu would alter accumulation of Aβ in brain, we have used
an immortalized line of rat brain endothelial cells (RBE4) and PC12 cells, well-defined neurodevelopmental cells, to estimate Cu effect in brain. When PC12 cells
were treated with 100 μM Cu for 24 h, 48h and 72h, Aβ accumulation in culture
medium was increased by 120.1%, 133.6% and 144.0%, respectively, in comparison to those of controls. Also PC12 cells were treated with 100 μM Cu for 24 h,
mRNA expression of APP was increased by 120.1% in comparison to controls.
Moreover, mRNA expression of BACE1 and NEP were 102.5% and 55.1%, respectively, in comparison to those of controls. When RBE4 cells were treated with
100 μM Cu for 24 h, mRNA expression of LRP1 and RAGE were 82.4% and
111.4%, respectively, in comparison to those of controls. These results show that
Cu have upregulated Aβ production and arrested Aβ degradation, also it has decreased clearance of Aβ in brain via LRP1 and RAGE on BBB.

1014

ZINC TOXICITY IN ODORA CELLS.

H. Hsieh1, H. Amlal2 and M. Genter1. 1Department of Environmental Health,
Division of Environmental Genetics and Molecular Toxicology, University of
Cincinnati, Cincinnati, OH and 2Department of Internal Medicine, University of
Cincinnati, Cincinnati, OH.
Zinc has long been touted as a panacea for the common cold. However, there has
been some controversy over whether an intranasal (IN) zinc gluconate gel (Zicam),
purported to fight colds, causes anosmia, or the loss of the sense, of smell in humans. Previous evidence has shown that IN zinc sulfate solutions can cause anosmia
in humans, as well as significant damage to the olfactory epithelium in rodents.
However, more recent work has claimed to show that zinc gluconate is less toxic
than zinc sulfate. Using an in vitro olfactory neuron model (the rat Odora cell line)
to compare the toxicity of zinc sulfate and zinc gluconate on immature and mature
rat olfactory sensory neurons, we found that the toxicity of both zinc salts was similar, with zinc sulfate being slightly more toxic than zinc gluconate. Interestingly,
toxicity to Odora cells occurred at significantly lower zinc concentrations (0.1 – 0.4
mM) than that found in Zicam nasal gel (35 mM), which adds credibility to the
epidemiological link between IN zinc exposure and anosmia. We tested the hypothesis that zinc toxicity was caused by inhibition of the HVCN1 proton channel,
leading to acidosis and apoptotic cell death. Olfactory sensory neurons in vitro are
able to maintain their intracellular pH through a Na+/H+ exchanger, specifically
NHE1, and a Cl-/HCO3- exchanger. Zinc sulfate, at non-toxic levels, had no impact on intracellular pH via proton transport either after acute exposure or after 24
hours incubation with the cells. In conclusion, zinc toxicity is not mediated
through an acidification of intracellular pH in olfactory neurons in vitro.

1015

EFFECTS OF CHRONIC POSTNATAL
METHYLMERCURY EXPOSURE ON THE EXPRESSION
OF GABAA RECEPTOR SUBUNITS IN MOUSE
CEREBELLUM.

A. Colón-Rodriguez2, 1, R. Hajela1 and W. D. Atchison1, 2. 1Pharmacology and
Toxicology, Michigan State University, East Lansing, MI and 2Comparative Medicine
and Integrative Biology Program, Michigan State University, East Lansing, MI.
The cerebellum is one of the main targets for methylmercury (MeHg) neurotoxicity. The internal excitatory cerebellar circuitry is mainly composed of granule and
Purkinje cells. Postdevelopmental exposure to MeHg has different effects in these
two populations of cells. An important effect is inhibition of the GABAA receptormediated inhibitory synaptic currents. The purpose of this study was to determine
the effects of chronic treatment with MeHg on the expression of the principal subunits that compose the GABAA receptors of the cerebellar Purkinje and granule
cells. We used quantitative real-time PCR to determine mRNA gene expression differences on the GABAA receptor α1, α6, β1, β3, γ2 and δ subunits. Mice were exposed to 0.5 and 5ppm MeHg ad lib in drinking water for 6 mo, starting when they
were 90 days old. Quantitative real time PCR on reverse transcript (cDNA) of
RNA isolated from 10mg of cerebellum was used to assay the transcription of the
target protein genes. We calculated the relative expression using the 2ΔΔCt, in which
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we normalized to the endogenous control GAPH and the untreated animals.
Expression of all subunits was upregulated in 0.5ppm treatment group. The α6 subunit was the most affected. At 5ppm the expression of α1, β and γ subunits is not
affected. The relative expression was close to control levels. However, α6 and δ subunits were both downregulated. The α6 subunit which uniquely expresses in granule cells is the most affected of the subunits studied. Its upregulation in the low
MeHg treated group may result from a compensatory mechanism, since these are
more susceptible at lower concentrations of MeHg than are the purkinje cells. In
the high MeHg treated group downregulation of α6 may reflect loss of granule cells.
Supported by NIH grants R01ES03299 and R25NS065777.

1016

IDENTIFICATION AND CHARACTERIZATION OF
MOLECULAR MODULATORS OF METHYLMERCURYINDUCED TOXICITY AND DOPAMINE NEURON
DEGENERATION IN C. ELEGANS.

N. VanDuyn, R. Settivari and R. Nass. Pharmacology & Toxicology, Indiana
University School of Medicine, Indianapolis, IN.
Methylmercury (MeHg) exposure from occupational, environmental, and food
sources is a significant threat to public health. MeHg poisonings in adults may result in severe psychological and neurological deficits, and in utero exposures can
confer embryonic defects and developmental delays. Recent epidemiological and
vertebrate studies suggest that MeHg exposure may also contribute to dopamine
(DA) neuron vulnerability and the propensity to develop Parkinson’s disease (PD).
We have developed a novel Caenorhabditis elegans (C. elegans) model of MeHg toxicity that shows that low, chronic exposure confers embryonic defects, developmental delays, decreases in brood size and animal viability, and DA neuron degeneration. Toxicant exposure results in the robust induction of the
glutathione-S-transferases (GSTs) gst-4, gst-5, gst-12, gst-21, and gst-38, with some
GSTs largely dependent on the PD-associated phase II antioxidant transcription
factor SKN-1/Nrf2. We also demonstrate that the expression of SKN-1, a protein
previously localized to a small subset of chemosensory neurons and intestinal cells
in the nematode, is also expressed in the DA neurons, and a reduction in SKN-1
gene expression increases MeHg-induced animal vulnerability and DA neuron degeneration. We will also present our results from a genome-wide reverse genetic
screen to identify mediators and suppressors of MeHg-induced toxicity, as well as
our investigations using DA-associated mutants to elucidate the role that the neurotransmitter may play in the toxicity.

1017

METHYLMERCURY (MeHg) DISRUPTS FLUO4
FLUORESCENCE IN CEREBELLAR SLICES FROM
GABAA RECEPTOR α6 (-/-) MICE.

A. B. Bradford1, 3 and W. D. Atchison2, 3. 1Biochemistry/Molecular Biology,
Michigan State University, East Lansing, MI, 2Pharmacology and Toxicology,
Michigan State University, East Lansing, MI and 3Center for Integrative Toxicology,
Michigan State University, East Lansing, MI.
MeHg targets the cerebellum, especially developing cerebellar granule cells
(CGCs). The γ-aminobutyric acid type A receptor (GABAAR) is important in CGC
intracellular [Ca2+] ([Ca2+]i) control and cell excitability. It is highly sensitive to
acute MeHg exposure. GABAAR subunit composition may contribute to cell-specific and developmental susceptibilities to MeHg. We examined acute effects of
MeHg on cerebellar slices from mice (KO) lacking the α6 GABAAR subunit. α6
exists exclusively in mature CGCs and regulates their tonic inhibition. It coexists in
CGCs with the abundant α1 subunit, which is not involved in tonic inhibition,
nor expressed only in CGCs. Changes in fluo4 fluorescence induced by MeHg were
compared in KO and WT mice using fluorescent confocal microscopy of migrating
external granule layer (EGL) and post-migratory internal granule layer (IGL)
CGCs. MeHg (20μM) increased overall fluorescence in both regions. In KO cerebellar slices, MeHg increased fluorescence significantly at 20 min; peak effect
(300±70% over baseline) in EGL occurred at 55 min. In the same slices, MeHg increased fluorescence significantly over pretreatment baseline in IGL at 15 min; at
55 min, the effect was 181 ±20%. Though MeHg treatment appeared to increase
fluorescence in WT slices, the effect was not significant within 55 min. In the IGL
of KO slices, MeHg increased fluorescence significantly compared to WT from 30
min on. Pulses of the GABAAR agonist muscimol (100μM) to tissue perfused with
MeHg caused a 75±25% reduction compared to MeHg alone in IGL of KO mice.
While the α6 subunit is not expressed fully in CGCs until maturation, there still is
a pronounced effect of MeHg on [Ca2+]i in immature CGCs of α6 KO mice. Thus
α6 expression may be a prerequisite to establish inhibition in developing CGCs,
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perhaps by controlling expression of another subunit which contributes to regulation of [Ca2+]i in migrating CGCs. Supported by NIEHS grants R01ES03299 and
T32ES007255.

1018

SUSCEPTIBILITY TO METHYLMERCURY-INDUCED
(MEHG) CYTOTOXICITY IN HEK-293 CELLS: ROLE OF
NEURONAL VOLTAGE-GATED CALCIUM CHANNEL
(VGCC) α1 SUBUNITS.

M. Ríos Cabanillas1, 2, H. Hannon1 and W. D. Atchison1. 1Pharmacology &
Toxicology, Michigan State University, East Lansing, MI and 2RISE Program,
University of Puerto Rico, Cayey, Puerto Rico.
MeHg, an environmental neurotoxicant, acts on specific cellular targets such as
VGCCs to elicit severe pathological effects. Low μM MeHg blocks current through
VGCCs and elevates [Ca2+]i via cytosolic pathways in vitro; onset of MeHg-induced
increases in [Ca2+]i varies with the VGCC phenotype as determined by the poreforming α1 subunit expressed. Susceptibility of individual VGCC isoforms to
MeHg-induced cytotoxicity was examined by transient transfection of HEK-293
cells with a 1:1:1 M mixture of α1, α2δ, and β3 VGCC subunits. The α1 subunit
was varied to produce L-, N-, P/Q- and R-type VGCC isoforms (Cav1.2, 2.2, 2.1
and 2.3, respectively), corresponding to α1C, α1B, α1A and α1E subunits.
Cytotoxicity was assayed 1 hr or 24 hrs after 1 hr MeHg exposure (1, 2 and 5 μM).
Viability of untransfected HEK-293 cells was concentration-dependent at all
[MeHg], though there was no observable time-dependence at 1 or 2 μΜ MeHg.
Expression of VGCCs, regardless of isoform, reduces cell viability at all [MeHg]
and time points examined. Cav1.2-transfected cells were most susceptible to
MeHg. Viability was reduced to 2.0±0.9% (mean % viability ± SEM) 1 hr after exposure to 5 μM MeHg. In contrast, Cav2.1 were most resistant to 5 μM MeHg
(29.4±8.9%). Cav2.2 (4.5±1.9%) and Cav2.3 (12.7±4.2%) were moderately susceptible at this [MeHg]. The rank order viability at 24 hrs matched that at 1 hr;
Cav2.1 was most susceptible (3.4±1.6%) and Cav2.1 was most resistant
(26.7±10.3%) to 5 μM MeHg, while Cav2.2 and Cav2.3 were of intermediate susceptibility (6.7±3.0% and 21.7±7.8%, respectively). Viability of transfected cells
was only marginally reduced by 1 and 2 μΜ MeHg. A concentration-dependent effect was observed for all isoforms, as was a trend towards time-dependent cytotoxicity. Together, these results demonstrate that susceptibility of VGCCs to MeHg-induced Ca2+-dependent cytotoxicity is isoform-dependent, and the relative
expression pattern of VGCCs may affect a neuron’s susceptibility to MeHg.

1019

ACUTE IN VITRO EXPOSURE TO METHYLMERCURY
AFFECTS SHORT-TERM SYNAPTIC TRANSMISSION
AND PLASTICITY IN CEREBELLAR SLICES OF ADULT
AND AGING MICE.

Y. Yuan, W. Ku, S. M. Fox, E. Wakeling, D. Autio and W. D. Atchison.
Pharmacology/Toxicology, Michigan State University, East Lansing, MI.
Effects of MeHg on the adult, and particularly the aging brain, have not been well
characterized. Changes in synaptic plasticity occur during aging that could be worsened by exposure to an environmental neurotoxicant. In the present study, we examined acute effects of MeHg on synaptic transmission and short-term synaptic
plasticity in cerebellar slices prepared from adult (9 mo old) and aging (20 mo old)
mouse brains using whole-cell patch clamp recording techniques. Acute bath application of 20 μM MeHg initially stimulated then suppressed spontaneous glutamate-mediated excitatory postsynaptic currents (sEPSCs) recorded from cerebellar
Purkinje cells. The onset of the initial increase appears to occur earlier in 20 mo old
mice than in 9 mo old mice. Consistent with the increased frequency of sEPSCs,
MeHg altered short-term synaptic plasticity in both groups. It promotes pairedpulse facilitation (PPF) by increasing the ratios of the second stimulus-evoked response (EPSC2)/the first stimulus-evoked response (EPSC1) or reversing pairedpulse depression (PPD) to PPF. This suggests that MeHg acts on presynaptic
processes to alter the release probability of the transmitter glutamate. MeHg always
blocked evoked ESPCs earlier than it did spontaneous ESPCs. This may be due to
block by MeHg of voltage-gated Ca2+ channels. The voltage-gated K+ channel-mediated outward currents were unaffected by MeHg, suggesting differential sensitivity of different ion channels to MeHg. However, unlike the MeHg-induced initial
transient hyperpolarization of neuronal membranes in young animals, MeHg
caused a gradual and persistent hyperpolarization of neuronal membranes in adult
and aging mice. Thus, in vitro MeHg exposure affects short term plasticity in both
adult and aging mice. However, the effect appears to occur earlier in the aging
group, suggesting interaction with age-related senescence of MeHg. Supported by
NIEHS grant ES03299.

1020

METHYLMERCURY (MeHg) EXPOSURE DISRUPTS
INTRACELLULAR Ca2+ IN THE CEREBELLUM AND
STRIATUM OF ADULT AND AGED MICE.

S. M. Fox1, 2, E. N. Wakeling1, 2 and W. D. Atchison1, 2. 1Pharmacology and
Toxicology, Michigan State University, East Lansing, MI and 2Center for Integrated
Toxicology, Michigan State University, East Lansing, MI.
Disruption of intracellular calcium, [Ca2+]i, regulation is an early and crucial event
in MeHg-induced neurotoxicity. Acute and chronic exposure to MeHg targets the
cerebellum, causing loss of the granule cell layer. The striatum is another potential
target due to its high level expression in medium spiny neurons (MSNs) of Cav1.3,
an L-type Ca2+ channel that is susceptible to MeHg. Effects of MeHg on aged individuals have not been characterized, however contemporary MeHg exposure occurs
over an individual’s lifespan. As neuronal [Ca2+]i homeostasis is significantly altered
during aging, aged neurons may be especially susceptible to MeHg. We compared
effects of MeHg on [Ca2+]i dysregulation in cerebellar granule cells and interneurons and in striatal MSNs of 9 or 20.5 mo old mice. Changes in relative fluorescence (RF) of Fluo-4, a [Ca2+]i indicator, were measured in sagittal cerebellar and
coronal midbrain slices from male ICR mice using laser scanning confocal microscopy. MeHg (20 μM) was applied for 45 min. No significant difference occurred in RF in cerebellar granule cells or molecular layer interneurons in 9 or 20.5
mo old mice. However, the mean time to maximum RF was reduced in 20.5 mo
old mice, suggesting a decreased ability to buffer [Ca2+]i. In the striatum, the RF increase did not significantly differ, nor did the time to maximum RF in 9 or 20.5 mo
old mice. MSNs of 9 mo old mice segregate into two distinct populations: one consisting of a small population of neurons which exhibit a large RF increase and the
other exhibiting only a minimal RF increase upon MeHg treatment. There are at
least two subsets of MSNs based on expression of dopamine receptors. The observed differential response to MeHg may be due to the neuronal complement of
ion channels and neurotransmitter receptors. These results suggest that interaction
of the natural aging process with exposure to environmental neurotoxicants can
alter the cellular response to the toxicant. Supported by NIEHS grants
R01ES03299 and T32ES007255.

1021

EFFECTS OF ACUTE EXPOSURE TO
METHYLMERCURY ON THE VIABILITY OF PRIMARY
CEREBELLAR GRANULE CELLS OF LETHARGIC MICE.

1022

IN VITRO NEUROTOXICITY OF CLINICALLY
RELEVANT CONCENTRATIONS OF COBALT AND
CHROMIUM IN N1E-115 NEUROBLASTOMA CELLS.

B. E. Wildt, M. W. Betz, P. L. Goering and R. P. Brown. CDRH, US FDA, Silver
Spring, MD.
Cobalt (Co) and chromium (Cr) released from metal-on-metal (MoM) orthopedic devices have the potential to produce neurotoxic and nephrotoxic effects,
respectively. The objective of this study was to investigate the effects of clinically relevant concentrations of Co (II) and Cr (VI) ions on N1E-115 neuroblastoma cells. Cells were exposed to 1, 3, 10, 30, 100, 300 and 1000 μM Co,
Cr, or 1:1 mixtures of Co and Cr and evaluated for various endpoints, including metabolic activity by the MTT assay, cytotoxicity by LDH release, reactive
oxygen species (ROS) generation using DCFH-DA, calcium homeostasis and
flux using a Fluo-4 assay, as well as neurite outgrowth. A decrease in metabolic
activity was seen with concentrations of 10 μM Co and 100 μM Cr individually, and 30 μM for the mixture of ions. 100 μM Cr or Co, individually, reduced metabolic activity to 20% and 57% of control, respectively. 30 μM Cr
and the ion mixture were cytotoxic resulting in 35% and 42% cell viability, respectively. ROS were generated in the cells upon addition of Co, Cr, and ion
mixtures with greatest effects occurring at higher concentrations. A 2-fold increase in ROS was observed in cells treated with 1000 μM Cr and ion mixture
and a 4-fold increase was measured in cells upon addition of 1000 μM Co.
Concentration-dependent decreases were also seen in cell function, such as calcium flux and neurite outgrowth. Specifically, calcium flux decreased at 300
μm for Co and Cr individually, and at 100 μm for the mixture. Interestingly,
high concentrations of Cr and ion mixture resulted in significantly fewer neurites than the same level of known neurotoxicant, Co. The lowest concentrations of Co and Cr that produced toxic or functional effects in this cell line
were approximately 3 to 4 orders of magnitude higher than levels found in
serum from most patients with MoM orthopedic devices, although concentrations as high as 3-5 μM have been reported. Additionally, only minimal interactive effects, if any, were observed between Co and Cr as a binary mixture,
compared to the response to Co and Cr alone.

1023

ALUMINIUM-INDUCED OXIDATIVE STRESS RESULTS
IN DECREASED MITOCHONDRIAL BIOGENESIS VIA
MODULATION OF PGC-1α EXPRESSION.

A. K. González-Rivera1, 3, B. M. Marrero-Rosado2 and W. D. Atchison1.
1Pharmacology & Toxicology, Michigan State University, East Lansing, MI, 2Genetics,
Michigan State University, East Lansing, MI and 3Biology, University of Puerto Rico,
Arecibo, Puerto Rico.

D. R. Sharma, A. Sunkaria, W. Y. Wani and K. D. Gill. Biochemistry, Post
Graduate Institute of Medical Education and Research, Chandigarh, UT, India.

Methylmercury (MeHg) causes a time- and concentration-dependent increase of
intracellular Ca2+ ([Ca2+]i) in cerebellar granule cells (CGCs), an effect sufficient to
cause their death in vitro. Voltage-gated Ca2+ channels (VGCCs) are important in
the onset of this effect. Treatment with VGCC blockers reduces toxicity induced by
chronic exposure with MeHg. CGCs with the naturally-occuring lethargic (lh) mutation have a faster time-to-onset of the MeHg-induced increase in [Ca2+]i, as compared to WT CGCs. Lh mice lack a functional β4 subunit that normally interacts
with the α1A pore-forming subunit of P/Q-type (CaV2.1) VGCCs, and approximately 25% of α1B subunits of N-type (CaV2.2) VGCCs. To compensate partially
for this, increased association of α1A and α1B with β1B and β3 occurs. This could bestow these channels with different properties. Effects of a faster onset of MeHg-induced [Ca2+]i increase on viability of lh CGCs were examined using a fluorescent
live/dead assay. CGCs were isolated at PND 7 and cultured for 4, 6, 8, and 10 days
in vitro (DIV) to account for changes in VGCC gene expression as a result of cell
maturation. Cells were exposed to MeHg (0, 0.3, 1, or 3 μM) for 4, 8, and 24 hrs.
This was followed immediately by a calcein-AM and ethidium homodimer-1 treatment to assess for live and dead cells, respectively. Lh CGCs had a higher percentage of cell death at DIV 6 and 8, after 8 hrs of MeHg exposure. There was no difference in cell death percentage between genotypes after 4 hrs of MeHg exposure at
any DIV. After 24 hr of exposure, all genotypes had nearly a 100% cell death. For
all genotypes, the cytotoxicity was time- and concentration- dependent. These results strengthen the idea of a crucial role of VGCCs in the mechanism of MeHg-induced cytotoxicity in CGCs, and suggest a gene/environment interaction that may
exacerbate the effects of MeHg in the cerebellum. Supported by NIH grants
R01ES03299 and R25NS06577.

Aluminium is a potent neurotoxin involved in the initiation and progression of
various neurodegenerative disorders like Alzheimer’s disease, Parkinson’s disease,
and amyotrophic lateral sclerosis. Oxidative stress has been recently recognized
to play an important role in signal transduction and transcription of specific
genes through the activation of redox sensitive transcription factors. The present
study was designed with an aim to evaluate the effects of chronic aluminium exposure (10 mg/kg b.wt, intragastrically for 12 weeks) on bigenomic transcriptional regulation of mitochondrial ETC subunits and mitochondrial biogenesis
in Hippocampus (HC) and corpus striatum (CS) regions of rat brain in vivo. We
quantified mitochondrial DNA (mtDNA), expression of nuclear (SDH2, COX
IV, COX5A, COX5B) and mitochondrial (ND1, ND2, Cytb, COX1, COX3,
ATPase6) encoded complex 1-5 important subunits as well as nuclear factors involved in mitochondrial biogenesis and in the necessary coordinated interplay
between nuclear and mitochondrial genome in response to aluminium induced
oxidative stress. We found a decrease in the mRNA level of mitochondrial encoded subunits- ND1, ND2, Cytb, COX1, COX3, ATPase 6 and also reduced
expression of nuclear encoded subunits COX IV, COX5A, COX5B, but no
change in mtDNA content in HC and CS regions of rat brain. The peroxisome
proliferator activated receptor gamma co-activator 1 α (PGC-1 α) plays a central role in a regulatory network governing the transcriptional control of mitochondrial biogenesis and respiratory functions. The expression of PGC-1 α was
down regulated in aluminium treated rats, as well as nuclear respiratory factor 1
and 2 (NRF-1,2) and mitochondrial transcription factor A (Tfam), which act
downstream from PGC-1 α. We found a reduced mitochondrial gene transcription and mitochondrial biogenesis in aluminium treated rats which may be due
to the modulation of PGC-1 α at transcriptional as well as protein levels.
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NEUROBEHAVIORAL AND ELECTROPHYSIOLOGICAL
EFFECTS OF ACUTE TOLUENE EXPOSURE—IS A
SHORT-TERM EXPOSURE LIMIT (STEL) OF 200 PPM
SAFE?

C. van Thriel, S. Kleinbeck, M. Schäper, K. Golka, M. Blaszkewicz, M.
Lehmann and M. Rottrof. IfADo—Leibniz Research Centre for Working
Environment and Human Factors, Dortmund, Germany.
The neurotoxic effects of toluene are well characterized both, mechanistically and
behaviorally. However, in the working environment there are still some uncertainties about a neurobehavioral NOAEL. Due to the rapid uptake of toluene during
inhalational exposure acute neurobehavioral effects are of concern when establishing STELs. Since the glutamatergic and dopaminergic system are thought to be targets of toluene, we investigated behavioral and electrophysiological measures
(event-related potentials, ERPs) obtained with neurobehavioral tasks associated
with these neurotransmitters.
In an environmental chamber eight male volunteers were acutely exposed to two
concentrations (5 ppm, 50 ppm, including two 200 ppm exposure peaks of 15
minutes) of toluene for 4 hour each. The low concentration was used as odorous
control condition, while the other simulated exposures as high as permitted by the
German OEL, including two 200 ppm exposure peaks. After 20 and 160 minutes
of exposure the subjects performed cognitive tasks that required response inhibition, visual change-detection (both NMDA-receptor sensitive), working memory,
and task switching (both dopaminergic modulated). On the behavioral level we examined reaction times and errors, on the level of cortical processing we analyzed
ERP components like the NoGo-N2.
The behavioral parameters of all four tasks were neither affected by the timeweighted average concentration of 50 ppm, nor by the exposure peaks of 200 ppm.
The analyzed ERPs reflected task-related variations (e.g. NoGo-N2) but were not
significant affected by the toluene exposure. However, the number of false alarm
was increase and correspondingly the NoGo-N2 amplitude was decreased during
high exposure condition.
The “negative results” have to be interpreted with caution since (a) no physical
workload was applied and (b) the most sensitive test (response inhibition) was not
performed during the exposure peak.

1026

EFFECTS OF MOBILE PHONE RADIATION ON HSP90
IN RAT BRAIN.

E. Cuevas1, M. E. Wyde3, S. M. Lantz1, B. R. Robinson1, W. R. Hamilton1, P.
C. Howard2, N. J. Walker3, M. G. Paule1 and S. F. Ali1.
1NEUROTOXICOLOGY, NCTR/FDA, Jefferson, AR, 2Office of Scientific
Coordination, NCTR/FDA, Jefferson, AR and 3NTP, NIEHS, Research Triangle Park,
NC.
Mobile phone users are exposed to specific types of radiofrequency (RF) energy and
previous studies have reported that biological changes are associated with RF exposure. This study assessed the effects of specific absorption rates (SAR) of mobile
phone RF radiation on the rat brain. Adult male and female Harlan SpragueDawley rats were exposed to Global System for Mobile Communication (GSM) or
Code Division Multiple Access Interim Standard 95 (CDMA IS-95) modulation at
3, 6, or 9 W/Kg. Animals were exposed 18.67 hours /day (10 min on, 10 min off
cycle) for 7 days a week during gestation, lactation, and during the last week of exposure, and 5 days a week from PND 21- 42. Control rats were housed in similar
chambers without RF exposure. After the last exposure, rats were sacrificed by decapitation and their forebrains were dissected and immediately frozen for subsequent western blot analysis probed with a heat-shock protein 90 (HSP90) antibody.
Brains were also sectioned and analyzed for astrogliosis (GFAP) and stress markers
(RAGE and HSP90 antibodies). GSM exposures did not produce any significant
changes in HSP90 levels in either males or females. CDMA IS-95 exposures significantly increased HSP90 at 3, 6, and 9 W/Kg in females but only at 9 W/Kg in
males. At 9 W/Kg in both sexes, exposure to both GSM and CDMA modulation
increase astrocytosis and number of RAGE- and HSP90-positive cells. These preliminary studies indicate that the effects of different types of mobile phone RF are
dose- and gender-dependent. Studies are underway to further examine the observed
gender differences and to evaluate whether RF exposure might have any potential
neuronal damaging effects in specific brain regions. (FDA/NCTR IAG # 224-0700007) (NIH IAG # Y1ES1027).
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EFFECTS OF METHAMPHETAMINE AND MPTP ON
THE RETINAL DOPAMINERGIC SYSTEM IN MICE.

R. Hamilton, W. J. Trickler, B. L. Robinson, M. G. Paule and S. F. Ali.
NCTR/FDA, Jefferson, AR.

1025

ADULT-ONSET HYPOTHYROIDISM INCREASES
RESPONSE LATENCY AND LONG-TERM
POTENTIATION (LTP) IN RAT HIPPOCAMPUS.

K. Sanchez-Huerta2, M. E. Gilbert1 and J. Pacheco-Rosado2. 1Toxicity Assessment
Division, US EPA, Research Triangle Park, NC and 2Depart de Fisiologia, ENCB,
IPN, Mexico City, Mexico.
Thyroid hormones (TH) influence central nervous system (CNS) function during
both development and in adulthood. The hippocampus is critical for some types of
learning and memory and is particularly sensitive to thyroid hormone deficiency.
Hypothyroidism in adulthood has been associated with cognitive decline, and both
morphological and biochemical alterations have been reported in hippocampus following TH deficiency. The impact of the TH deficiency on the hippocampal synaptic function has not been well studied - reports are limited and results inconsistent
across laboratories. The present study was designed to assess the effects of adult
onset TH deficiency on hippocampal physiology and learning. Adult male rats
(PN60-80) were exposed to propylthiouracil (PTU: 0 or 10 ppm), through the
drinking water for 1 month to reduce serum TH. Body weight gain was reduced
and thyroid gland weight increased by PTU. Learning was assessed using a trace
fear conditioning paradigm. Field potentials were recorded in the dentate gyrus
under urethane anesthesia. In contrast to TH insufficiency induced during development, trace fear conditioning, amplitudes of excitatory synaptic potentials, and
magnitude of inhibitory transmission were not significantly altered by PTU.
However, response latencies were increased in hypothyroid animals. LTP of the excitatory postsynaptic potential was slightly increased whereas no effect was observed
in LTP of the population spike. The data indicate that only modest changes in hippocampal physiology accompany TH-insufficiencies induced in adulthood.
Nongenomic actions of TH or secondary effects of hypothyroidism on temperature
regulation may underlie some of these observations. These data are in partial agreement with previous published reports and indicate that adult onset hypothyroidism
produces milder and distinct hippocampal dysfunction compared to developmental
hypothyroidism. (Does not reflect EPA policy)

This study was designed to examine the effect of multiple doses of methamphetamine (METH) and MPTP on the retinal dopaminergic system. Six month old
C57BL/6 mice were injected i.p. with either a low-dose (LD - 2 doses of 5 mg/kg)
or high-dose (HD - 3 doses 10 mg/kg) of METH or MPTP or equivalent amount
of saline as a control. Mice were sacrificed 1 day after treatment by cervical dislocation; retinas were removed using the Winkler technique and immediately frozen.
Retinas were thawed on ice, homogenized by sonication in 300 μl of 0.2 μM perchloric acid and 1 μM DHBA as internal standard, and centrifuged at 13,000 x g
for 10 minutes at 4oC. The supernatant was filtered through a 0.45 μm membrane
and a 25 μl aliquot was analyzed using HPLC for dopamine (DA) and its metabolites, 3,4-Dihydroxyphenylacetic acid (DOPAC) and Homovanillic acid (HVA).
METH produced no significant changes in DA, or its metabolites in the retina. LD
MPTP produced no change in DA level, but significantly decreased DOPAC and
HVA 19% and 39% respectively. HD MPTP significantly decreased DA, DOPAC
and HVA levels 26%, 28% and 30% respectively. Additionally, LD MPTP significantly decreased the DOPAC/DA and HVA/DA ratios 17% and 44% respectively.
Mice did not show any significant changes in DA or its metabolites when exposed
to multiple doses of METH. Although, METH is known to cause a release of DA,
this is likely a transient phenomenon, and levels quickly return to normal after
treatment. Where as MPTP, a selective, dopaminergic neurotoxin used to model
Parkinson’s disease, caused a significant decrease in DA and its metabolites. MPTP
also decreased DA utilization as evidenced by significantly decreased DOPAC/DA
and HVA/DA ratios. Taken together these results suggest that inhibition of the DA
metabolizing enzymes MAO or COMT may take place at lower doses of MPTP
treatment; conversely, higher doses of MPTP may cause decreases in DA, DOPAC
and HVA through apoptotic cell death cell death in the retinal dopaminergic system.

1028

IN VIVO STRESS AND CHRONIC GLUCOCORTICOID
EXPOSURE INFLUENCE THE NEUROINFLAMMATION
AND DOPAMINERGIC NEUROTOXICITY ASSOCIATED
WITH METHAMPHETAMINE.

D. B. Miller1, K. A. Kelly1, J. F. Bowyer2 and J. P. O’Callaghan1. 1CDC-NIOSH,
Morgantown, WV and 2US FDA-NCTR, Jefferson, AR.
Upregulation of proinflammatory cytokines/chemokines in brain (“neuroinflammation”) accompanies brain injury/disease and systemic infections. Following
nerve terminal damage after acute exposure to dopaminergic neurotoxicant,
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methamphetamine (METH), we documented elevated neuroinflammation, which
may serve as a modulator or mediator of astroglial/microglial activation. Activated
glia (associated with all types of brain injury) may be neuroprotective or exacerbate
neural damage. Our prior genetic and pharmacological interventions have resulted
in partial suppression of METH induced neuroinflammation without affecting
neurotoxicity/astrogliosis. Here, mice were pretreated with the stress hormone corticosterone (CORT;400 mg/L drinking water) for 1 week or repeated in vivo stress
for 5d, consisting of social reorganization and cage shaking. METH administration
alone (20mg/kg,s.c.) caused significant increases in proinflammatory cytokine
(TNFα,IL6,CCL2,IL1β,LIF,OSM) mRNA expression in striatum at 12h. By 72h
marked astrocytic hypertrophy (GFAP protein/immunohistochemistry(IHC)), microglial activation (isolectin IHC) and dopaminergic nerve terminal damage (TH
protein /IHC) was observed in striatum. Chronic CORT pretreatment caused exacerbated inflammation, astrocyte hypertrophy and microglial activation after
METH exposure in the striatum, hippocampus and cortex. Of note, chronic
CORT pretreatment exacerbated METH-induced decreases in TH protein (to
10% of control) in striatum. However, repeated in vivo stress exposure completely
blocked striatal dopaminergic neurotoxicity and reduced the neuroinflammatory
response to METH. As the levels of chronic CORT approached or exceeded those
associated with high physiological stress, our data suggest that chronic CORT therapy or sustained physiological stress sensitizes the CNS neuroinflammatory and
neurotoxic responses to METH. Also, more severe or prolonged in vivo stressor application may be required to produce priming of the CNS similar to exogenous
CORT.

1029

THE MODULATION OF 3, 4-(±)METHYLENEDIOXYMETHAMPHETAMINE-INDUCED
NEUROTOXICITY BY CATECHOL-OMETHYLTRANSFERASE.

J. M. Herndon, A. B. Cholanians, L. E. Lizarraga, S. S. Lau and T. J. Monks.
Pharmacology/Toxicology, University of Arizona, College of Pharmacy, Tucson, AZ.
3,4-(±)-Methylenedioxymethamphetamine (MDMA) abuse remains a significant
problem worldwide. Systemic administration of MDMA to rodents and nonhuman primates causes neurotoxicity, and evidence suggests that it is also neurotoxic in humans. Metabolism of MDMA appears necessary for MDMA neurotoxicity. Thus, prior work from our laboratory indicates that cytochrome(s) P450
(specifically, CYP 2D6) inhibition attenuates MDMA-induced neurotoxicity,
probably by decreasing the metabolism of MDMA to N-methyl-α-methyldopamine (N-Me-α-MeDA). Because N-Me-α-MeDA is a substrate for catecholO-methyltransferase (COMT), we examined the effect of COMT inhibition on
MDMA-induced neurotoxicity. COMT converts the N-Me-α-MeDA (a catechol)
to 4-hydroxy-3-methoxy-methamphetamine (HMMA), thereby limiting the oxidation of N-Me-α-MeDA to the reactive ortho-quinone. Pharmacological and genetic models were used to determine the role of COMT in MDMA-induced neurotoxicity. Adult female Sprague-Dawley rats were pretreated with the
COMT-inhibitor, Ro 41-0960 (40mg/kg, ip) followed by a neurotoxic dose of
MDMA (20mg/kg, sc). In the genetic model, COMT+/- and COMT+/+ wild-type
mice were dosed with either MDMA (30mg/kg X3 at 3 hour intervals, sc) or saline.
In both models, neurotoxicity was determined one week after dosing via determination of neurotransmitter concentrations. In the pharmacological model of
COMT inhibition, MDMA-induced neurotoxicity was potentiated. The data from
the genetic model was ambiguous, probably because the COMT activity in the heterozygous animals is sufficient/borderline to process the O-methylation of N-Meα-MeDA. Studies with homozygous COMT-/- mice are ongoing. The findings
suggests that enzymes involved in the formation (CYP2D6 et al) and further metabolism of N-Me-α-MeDA (COMT) are important contributors to the individual
susceptibility to MDMA-mediated neurotoxicity, especially given the polymorphic
distribution of these enzymes in the humans. (Supported by NIDA Award
DA023525)

1030

PHARMACOLOGIC INHIBITION OF THE VESICULAR
MONOAMINE TRANSPORTER 2 ATTENUATES 3, 4METHYLENEDIOXYMETHAMPHETAMINE-INDUCED
HYPERTHERMIA, LOCOMOTOR ACTIVITY, AND
NEUROTOXICITY.

L. E. Lizarraga, A. B. Cholanians, J. M. Herndon, S. S. Lau and T. J. Monks.
Pharmacology/Toxicology, University of Arizona-College of Pharmacy, Tucson, AZ.
3,4-Methylenedioxymethamphetamine (MDMA, Ecstacy) is a ring substituted amphetamine derivative with potent stimulant properties. MDMA exerts biphasic
pharmacological effects on the brain resulting in opposing acute and long-term effects. During the acute effects, MDMA causes major monoamine release into the

synapse, primarily of serotonin (5-HT), inducing hyperthermia and hyperactivity
(5-HT syndrome). Conversely, long-term serotonergic neurotoxicity manifests as a
prolonged depletion in 5-HT, and structural damage to 5-HT nerve terminals. The
molecular mechanisms for both the acute and long-term effects remain unclear.
The vesicular monoamine transporter 2 (VMAT2) is involved in the transport of
monoamine neurotransmitters, in particular dopamine and 5-HT, into intra-neuronal storage vesicles. As such, VMAT2 is critical in maintaining neuronal health by
preventing neurotransmitter oxidation within the cytosol. We therefore investigated the effects of the pharmacological inhibition of VMAT2, using Ro 4-1284,
on MDMA-mediated acute and long-term neurotoxic effects. Sprague-Dawley rats
pretreated with the VMAT2 inhibitor (10mg/kg, ip) displayed a significant increase
in 5-HT content in the cortex and striatum compared to rats treated with MDMA
(20mg/kg, sc) alone. Ro 4-1284 pretreatment delayed and attenuated total horizontal movement distance and mean velocity in animals dosed with MDMA.
MDMA-mediated elevation in core body temperature was also significantly reduced in Ro 4-1284/MDMA-treated rats compared to those treated with MDMA
alone. Thus, pharmacologic inhibition of VMAT2 appears to attenuate MDMAmediated 5-HT/5-HIAA depletion, locomotor activity, and hyperthermia in rats.
In summary, VMAT2 plays an important role in regulating the acute and long-term
neurotoxic effects of MDMA. (Supported by NIDA Award DA023525).
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NEUROTOXIC EXPOSURES TO AMPHETAMINE CAN
RESULT IN LIPOPOLYSACCHARIDE (LPS) PRESENCE
IN CIRCULATING BLOOD, ORGAN DAMAGE, AND
IMMUNE ACTIVATION.

J. F. Bowyer1, M. M. Vanlandingham2, R. E. Patton3, J. P. Hanig4 and M. S.
Levi1. 1Neurotoxicology, US FDA/NCTR, Jefferson, AR, 2Biochemical Toxicology, US
FDA/NCTR, Jefferson, AR, 3Toxicology & Pathology Associates, US FDA/NCTR,
Jefferson, AR and 4US FDA/CDER, Jefferson, AR.
Immunoactivation, organ damage and release of factors such as LPS were observed
in rats exposed to environmentally-induced hyperthermia (EIH) or amphetamine
(AMPH). Serum levels of substances signaling these events were determined 3hr
and 22 hr (1d) after AMPH or saline (EIH and control groups). EIH was induced
by a hot (39°C) environment and AMPH neurotoxicity by 4 injections, 2 hr apart,
of 5, 7.5, 10 and 10 mg/kg D-AMPH. At 3 hr, creatine kinase was ≥2-fold in 50%
of the EIH (n=7) rats and 100% of the AMPH (n=9) rats while creatine kinase-MB
isoenzyme was elevated in 55% (AMPH) and 29% (EIH). At 1d, the enzymes were
still ≈2-fold control in 20% of the EIH and 50% of the AMPH animals. Liver enzymes ALT and AST were up ≥2-fold in 57% of the EIH and 75% of the AMPH
animals at 3hr. These enzymes returned to control levels in the EIH group but not
in all the AMPH animals at 1d. Creatinine and BUN levels were significantly elevated 2-fold by EIH and 3-fold by AMPH at 3hr but returned to control levels by
1 d indicating kidney function may be only transiently affected. Detectable LPS
was present in only 12% of the control animals but ≈50% of the EIH and AMPH
animals had detectable levels at 3hr and 1d. White blood cell levels were not elevated by either EIH or AMPH at 3hr. However, micro array analysis on whole
blood indicated a significant increase in the mRNA expression for cell surface proteins related to macrophages (Il1b), eosinophils (Cd52) and T-cells (Ccl5, Cd8a).
In summary, both EIH and AMPH can result in multiple organ dysfunctions, particularly in muscle, heart, kidney and liver after AMPH exposure. The neurotoxicity produced by AMPH, however, may not be dependent on the severity of organ
damage. The presence of LPS in the blood raises the possibility that it is involved in
the immune response and neurotoxicity produced by AMPH.

1032

THE EFFECTS OF FLUORIDE ON THE
NEUROTRANSMITTERS IN DISCRETE BRAIN
REGIONS OF ICR-DERIVED GLOMERULONEPHRITIS
MICE BY EXPOSURE VIA THEIR DRINKING WATER.

M. Tsunoda1, T. Kido1, R. Ikeuchi1, C. Sugaya1, Y. Kodama2, Y. SugitaKonishi2 and Y. Aizawa1. 1Preventive Medicine, Kitasato University School of
Medicine, Sagamihara, Kanagawa, Japan and 2National Institute for Health Sciences,
Tokyo, Japan.
Fluoride (F) has been known as an environmental pollutant. Although homovanillic acid (HVA) in the hypothalamus was altered in the BALB/c mice exposed to F
in our previous study, the effects of F on the central nervous system had not been
considered a serious health problem. Since a target organ of F is the kidney and F is
filtered from the blood by the kidney, the accumulation of F in animals with renal
insufficiency may enhance its toxicity. ICR-derived glomerulonephritis (ICGN)
mice have been used as a model for idiopathic renal insufficiency. We evaluated
whether or not the administration of F via the drinking water induces neurotoxicity in ICGN mice, in which F accumulates, by using neurotransmitters in discrete
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brain regions as indexes. The ICGN mice were administered F via their drinking
water at 0, 50, 100, and 150 ppm for 4 weeks, and the viability of each group was
observed. Each mouse’s brain was dissected into 7 regions (cerebrum, cerebellum,
medulla oblongata, midbrain, striatum, hypothalamus, and hippocampus). The
concentrations of neurotransmitters (norepinephrine, dopamine (DA), serotonin)
and their metabolites (DOPAC [dihydoxyphenylacetic acid], HVA, 5-HIAA [5-hydroxyindoleacetic acid]) were determined by HPLC (high performance liquid chromatography). All ICGN mice exposed to 100 and 150 ppm F died. The mean values of neurotransmitters and their metabolites were compared between the 0 and
50 ppm-exposed groups. The mean values of body weight in the 100 and 150 ppm
groups were significantly lower than those in the 0 and 50 ppm groups. The mean
DA in the striatum or hypothalamus of the 50 ppm group was significantly lower
than that in the 0 ppm group. The mean HVA in the hypothalamus of the 50 ppm
group was significantly lower than that in the 0 ppm group. Although it is not clear
whether a direct or indirect effect, F may inhibit DA synthesis in specific regions in
the mice with impaired renal function.

1033

VESTIBULAR TOXICITY OF HYPOTHETICAL
METABOLITES OF ALLYLNITRILE IN RATS.

J. Llorens1, 2, M. Buffard1, 4, L. Sedó1, H. Gerard1, A. Masana2, S. SaldañaRuíz1, A. Delatorre3, 4, A. Greco3, 4, I. Gentil1, 4, C. Domínguez3, J. M.
Bayona3, M. Angel3 and F. Rua3. 1D. Ciencies Fisiologiques II, Universitat de
Barcelona, Hospitalet de Llobregat, Catalunya, Spain, 2IDIBELL, Hospitalet de
Llobregat, Catalunya, Spain, 3CSIC, Barcelona, Catalunya, Spain and 4ENSCM,
Montpellier, France.
The vestibular toxicity of allylnitrile depends on metabolic bioactivation, but its active metabolites remain unidentified. We hypothesized that P450-mediated epoxidation of the double bound in allylnitrile generates oxiran-2-ylacetonitrile, a candidate substrate for epoxide hydrolases to generate 3,4-dihydroxybutyronitrile. We
synthesized the epoxide derivative by treatment of allylnitrile with m-chloroperoxybenzoic acid, and the diol derivative by treatment of glycidol with sodium cyanide.
The compounds were characterized by NMR spectroscopy. In Na+ or K+ phosphate buffered solutions, the epoxide was found to spontaneously transform into
(2E)-4-hydroxybut-2-enenitrile. The vestibular toxicity of allylnitrile and these
three derivatives was compared in male Long-Evans rats by intra-tympanic administration. Groups of 3-5 animals were administered increasing doses of the research
nitriles in 50 μl/ear of propylene glycol. The rats were assessed for vestibular toxicity by observation of their spontaneous and reflex behaviors, and by scanning electron microscopy observation of their vestibular sensory epithelia. Administration of
0.125 or 0.25 mmol/ear of oxiran-2-ylacetonitrile caused behavioral evidence of
vestibular dysfunction and hair cell loss that were unilateral or bilateral according to
the unilateral or bilateral type of the administration. Allylnitrile caused behavioral
evidence of bilateral vestibular dysfunction, corneal opacity, and bilateral hair cell
loss in some rats after bilateral administration of 0.250 mmol/ear or unilateral administration of 0.5 mmol/ear. No vestibular toxicity was evident in rats given up to
0.50 mmol/ear of (2E)-4-hydroxybut-2-enenitrile or 3,4-dihydroxybutyronitrile.
These data support the hypothesis that oxiran-2-ylacetonitrile is an active metabolite of allylnitrile for vestibular toxicity.
Supported by grant BFU2009-06945, Ministry of Science and Innovation (Spain).

1034

MODULATION OF NEUROTRANSMITTER AMINO
ACIDS BY PERFLUOROOCTANE SULFONATE (PFOS)
WITHIN AMYGDALA IN RAT.

M. A. Lafuente1, N. Pereiro1, R. Moyano2 and B. Fernandez1. 1Laboratory of
Toxicology, University of Vigo, Orense, Spain and 2Department of Farmacology,
Toxicology and Legal Medicine and Forensic Scientist, University of Cordoba,
Cordoba, Spain. Sponsor: G. Font.
Perfluorooctane sulfonate (PFOS) is an emerging environmental contaminant. It
has been shown to be neurotoxic and endocrine disrupter. On the other hand,
amygdala is a brain region which coordinates behavioral, autonomic, and endocrine
responses to perceived threats or danger to an animal. This brain area is involved in
the anxiety behaviors and in the regulation of hypothalamic-pituitary-adrenal axis,
which is affected by PFOS exposure. This study was designed to evaluate the possible PFOS-induced alterations of glutamine, glutamate, aspartate, GABA and taurine concentration in amygdala. In this region, morphological changes have been
also evaluated. For this purpose, male Sprague-Dawley rats were orally treated for
28 days with PFOS, at the doses of 0.5, 1, 3 and 6 mg/kg/day. Control rats received
0.5% Tween-20 vehicle. Amino acids were separated and analyzed using high-performance liquid chromatography (HPLC), with fluorescence detection after precolumn derivatization with O-phthaldialdehyde (OPA), and histological study was
performed by using light and electron microscopy. PFOS, at the dose of 0.5
mg/kg/day, increased glutamine concentration but decreased glutamate and GABA
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content in this region. Animals treated with 1.0 or 3.0 mg of PFOS/Kg/day,
showed an increase of glutamine levels within amygdala, but no changes in glutamate, aspartate, GABA or taurine concentration. However, the content of these
amino acids was decreased after PFOS exposure with the dose of 6.0 mg/Kg/da).
On the other hand, morphological damages induced by exposure to PFOS were observed. The obtained results suggest that PFOS induced several modifications on
amino acid concentration, as well as morphological alterations, in amygdala, that
are dependent of the administered dose. This work was supported by grants from
the Ministry of Education and Science, Spain (AGL2009-09061) and from the
Xunta de Galicia, Spain (INCITE09 383 314 PR).
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PERFLUOROOCTANOIC AND
PERFLUOROOCTANESULFONIC ACID EXPOSURES
DISRUPT ACETYLECHOLINESTERASE AND
GLUTATHIONE S-TRANSFERASE ACTIVITIES IN
ZEBRAFISH ADULTS (DANIO SPP).

K. Noell, S. Gunn and S. Chao. Biological Sciences, Fayetteville State University,
Fayetteville, NC. Sponsor: H. Tilson.
Perfluorinated compounds such as perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid (PFOS) are ubiquitous, persistent pollutants that have been
detected in wildlife as well as human populations. Due to its wide distribution and
possible disruption to various species, concerns have increased regarding their impact on biological organisms and development of potential useful biomarkers of exposure for ecological assessments. Impact of PFOS on nervous system function has
been explored; however, few studies have shown similar effects with PFOA, particularly in adults. As a result, acetylcholinesterase (AChE) activity was measured in
adult zebrafish (Danio spp) brain and muscle tissue following exposure to PFOS
and PFOA. In addition, recent reports show PFOS and PFOA increased glutathione s-transferase (GST) mRNA expression in the liver temporarily while other
reports show inhibition of GST activity in primary cultured hepatocytes of freshwater tilapia. Therefore, our study also examined the possible disruption of GST
activity following exposure concentrations of 0.5, 5, 50 mg/L of PFOS compared
to PFOA after 22 hours. Preliminary findings support the inhibition of AChE activity by PFOS and PFOA in the zebrafish brain while no observable changes were
observed with muscle tissue. In addition, GST inhibition was also observed at
lower concentrations in PFOS while no change in GST activity was observed in zebrafish livers following PFOA exposure.

1036

ENANTIOSELECTIVE FORMATION OF
HYDROXYLATED METABOLITES OF PCB 95 IN
FEMALE C57BL/6 MICE.

I. Kania-Korwel1, C. Barnhart2, K. M. Truong2, P. J. Lein2 and H. Lehmler1.
1Department of Occupational and Environmental Health, University of Iowa, Iowa
City, IA and 2Molecular Biosciences, School of Veterinary Medicine, University of
California Davis, Davis, CA.
PCB95 (2,2’,3,5’,6-hexachlorobiphenyl), a developmental neurotoxicant, displays
axial chirality and exists as two stable rotational isomers that form non-superimposable mirror images of each other. These isomers, called atropisomers, can undergo
enantiomeric enrichment in vivo due to different metabolism rates. The potential
toxicological significance of this is underscored by our previous demonstration that
chiral PCBs display atropisomer specific neurotoxicity. This study investigates the
hypothesis that tissue levels and enantiomeric enrichment of PCB95 and its hydroxylated metabolites (OH-PCBs) are dose-dependent in mice. To test this hypothesis, female C57Bl/6 mice (8.5 weeks old; n=16) were fed three different doses
of racemic PCB95 (0.1, 1 and 6 mg/kg body weight) or vehicle (peanut oil) in
peanut butter daily. The animals were euthanized after 56 days, blood and liver
samples were collected, and levels and enantiomeric enrichment of PCB95 and its
metabolites were determined. Levels of PCB95 and its metabolites increased with
increasing dose in liver and blood samples. Livers contained overall higher levels of
PCB95 and 5-OH-PCB95 compared to blood, while 4-OH-PCB95 and 4,5-OHPCB95 levels were higher in blood. 4-OH-PCB95 was the major metabolite in
both liver and blood. The metabolite profile varied between tissues and followed
the rank order 4-OH-PCB95 > 5-OH-PCB95- > 4,5-OH-PCB95 ≈ 3-OHPCB103 in the liver and 4-OH-PCB95 > 4,5-OH-PCB95 > 5-OH-PCB95 ≈ 3OH-PCB103 in blood. In the highest dose group, the second eluting atropisomer
of PCB95 and 4-OH-PCB95 was enriched in the liver. These findings suggest that
the enantiomeric enrichment of PCB95 and its metabolites is a factor that needs to
be considered in future neurotoxicological studies, especially if the potent atropisomers are selectively formed or retained in vivo [Supported by NIH grants ES05605,
ES013661, ES017425, R01 ES014901 and T32 ES007058].
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STRUCTURE ACTIVITY OF FIVE RACEMIC
POLYCHLORINATED BIPHENYLS TOWARD RYR1
CHANNELS: INFLUENCE OF HYDROXYLATION AT
THE META- AND PARA-POSITION.

Y. Niknam1, S. N. Joshi2, S. M. Vyas2, H. Lehmler2 and I. N. Pessah1. 1VM:
Molecular Biosciences, University of California Davis, Davis, CA and 2Occupational
and Environmental Health, University of Iowa, Iowa City, IA.
Polychlorinated biphenyls (PCBs) are persistent, widespread environmental contaminants banned in 1977. However, chiral PCBs such as PCBs 91, 95, 132, 136,
and 149, have persisted at levels of concern to human neurological health. Such
non-coplanar PCBs are known to interact with ryanodine receptors (RyRs), ion
channels broadly expressed in the central and peripheral nervous system and muscle. RyRs regulate release of Ca2+ from endoplasmic/sarcoplasmic intracellular calcium stores, and thus are pivotal to generating cellular Ca2+ signals. Here we report
the structure-activity relationship for 5 chiral non-coplanar PCBs and their 4-OH
and 5-OH metabolites toward RyRs. 4-OH and 5-OH derivatives were synthesized
and their sensitizing activity toward the type 1 isoform RyR1 was compared to their
parent structures using [3H]ryanodine ([3H]Ry) receptor binding analysis and
macroscopic Ca2+ flux assay using microsomal membranes. Radioligand binding
analysis performed with optimal Ca2+ for [3H]Ry binding indicated a monotonic
concentration-effect relationship ranging from 100nM to low μM of parent PCB,
4-OH- and 5-OH-PCB congeners maximally enhancing RyR1 occupancy 1.5- and
7-fold. A 4-Cl- substituent reduced activity relative to 5-Cl-. With few exceptions,
4-OH congeners were less active than the parent PCB, whereas 5-OH congeners
were more active. Ca2+ flux measurements indicated that, as predicted by radioligand binding analysis, the rank order of activity was 5-OH>parent>>4-OH. Ca2+
release triggered by PCB or metabolites is completely blocked by ruthenium red, a
RyR1 channel blocker. These data identify meta-hydroxylated metabolites of chiral
PCBs as especially potent sensitizers of RyRs. [Supported by NIEHS grants R01
ES017425, R01 ES014901, P42 ES04699, P42 ES05605].
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CHLOROACETIC ACID-INDUCED CELL APOPTOSIS
THROUGH ROS/ENDOPLASMIC RETICULUM STRESS
PATHWAY IN NEURONAL CELLS.

D. Hung1, C. Chen2, F. Tang3, C. Yen4, T. Lu5, S. Liu6, Y. Chen5 and C.
Huang7. 1Toxicology Center, China Medical University Hospital, Taichung, Taiwan,
2Department of Emergency, China Medical University Hospital, Taichung, Taiwan,
3Department of Occupational Medicine, Changhua Christian Hospital, Changhua,
Taiwan, 4Department of Occupational Safety and Health, Chung Shan Medical
University, Taichung, Taiwan, 5Department of Physiology and Graduate Institute of
Basic Medical Science, China Medical University, Taichung, Taiwan, 6Institute of
Toxicology, National Taiwan University, Taipei, Taiwan and 7School of Chinese
Medicine, China Medical University, Taichung, Taiwan.
Chloroacetic acid (CA), a toxic chlorinated analog of acetic acid, is widely used as
an herbicide and in the synthesis of many organic compounds. Some studies have
reported that CA can cause histopathological alterations and functional impairment in brain. However, the toxicological effects and underlying mechanisms of
CA-induced neurotoxicity are mostly unclear. Here, we investigated the effects and
possible mechanisms of CA in cultured neuron cells (Neuro-2a cells). Treatment of
Neuro-2a cells with CA for 24h significantly induced cytotoxicity, reduced cell viability, and oxidative stress damage (membrane LPO production) which accompanied by several features of apoptosis, including the increases in Annexin V-binding
cells and caspase-3/-7 activity. CA also triggered endoplasmic reticulum (ER) stress
as indicated by the enhancement in ER stress-related mRNA and protein molecules
induction (such as glucose-regulated protein 78 (GRP78), GRP94, C/EBP homologue protein (CHOP), X-box binding protein 1 (XBP-1)), procaspase-12 cleavage,
and calpain activation. Transfection of cells with GRP78 or GRP94 siRNA reduced
CA-induced caspase-3 expression in Neuro-2a cells. Meanwhile, these CA-induced
apoptosis and ER stress-related signals could be effectively reversed by antioxidant
N-acetylcysteine (NAC). Therefore, our results suggest that CA caused neuron cell
apoptosis via oxidative stress-triggered ER stress signaling pathway.
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IN VITRO TOXICITY OF AMPHOTERICIN B AND
AMPHOTERICIN B METHYL ESTER EXPOSURE IN
OLIGODENDROCYTES.

O. U. Nnodi1, K. R. Reuhl1 and C. P. Schaffner2. 1Department of Pharmacology &
Toxicology, Rutgers University, Piscataway, NJ and 2Waksman Institute of
Microbiology, Rutgers University, Piscataway, NJ.
Amphotericin B (AMB) is widely used in the treatment of chronic systemic fungal
disease; treatment often results in a dose limiting nephrotoxicity. Amphotericin B
methyl ester (AME), a polyene macrolide antibiotic with significantly less toxicity

and full antifungal activity was introduced in the late sixties. However, its clinical
use was terminated following reports of toxicity to CNS myelin. Recent studies in
our lab using pure AME suggest that the reported neurotoxicity results from contamination by AMB, leading to oligodendroglial injury. To test this hypothesis immortalized human oligodendroglial cell line, MO3.13 were treated with 0.5 - 30
μg/ml concentrations of AMB and AME. A quantitative dose response assessment
revealed AMB to be at least 10 times more toxic than AME. The lowest concentration of AMB that induced cell death was 1 μg/ml and 10 μg/ml for AME. AMB induced apoptosis as revealed by activation of caspase 3, cytochrome c release and
morphological changes. Activation of caspase 9, but not 8 and 10, at 0.5 μg/ml
AMB suggested that there may be a direct effect on the mitochondria. This was
confirmed by labeling with MitoView 633 (Biotium, Inc, Hayward, CA, USA), a
fluorescent marker of mitochondrial membrane potential, which revealed diminished intensity following AMB treatment of 1 μg/ml, but was unaltered by AME
concentrations below 10 μg/ml. These data suggest that AMB kills MO3.13 oligodendrocyte by the mitochondrial apoptotic pathway and that pure AME does not
kill myelin-producing oligodendroglia at clinically relevant concentrations.
(ES005022)
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VITAMIN A DEFICIENCY INDUCES DYSFUNCTION OF
INNER RETINAL LAYER CELLS IN ADDITION TO
PHOTORECEPTOR CELLS.

D. Kakiuchi1, 4, T. Uehara2, M. Shiotani1, K. Nakano1, K. Sawada3, A.
Suganuma1, T. Aoki1, K. Tsukidate1 and A. Fukamizu4. 1Global Drug Safety, BACFU, Eisai Co. Ltd., Tsukuba-shi, Ibaraki, Japan, 2Biomarkers and Personalized
Medicine CFU, Eisai Co. Ltd., Tsukuba-shi, Ibaraki, Japan, 3Global Cardiovascular
Assessment, BA-CFU, Eisai Co. Ltd., Tsukuba-shi, Ibaraki, Japan and 4Aspect of
Functional Genomic Biology, Graduate School of Life and Environmental Sciences,
University of Tsukuba, Tsukuba-shi, Ibaraki, Japan.
It is well known that retinoids play important roles in photoreceptor cells and pigment epithelial cells in the retina. Previous studies have demonstrated that vitamin
A deficiency (VAD) reduces amplitude of both a- and b-waves in electroretinogram
(ERG), accompanied by reduced the level of rhodopsin. While functions of
retinoids in the outer retinal layer have been investigated, those in the inner retinal
layer including amacrine cells and ganglion cells still remain largely unknown.
Since retinoids are known to be associated with development, differentiation, and
function of neurons, the function of retinoids in the inner layer cells of the retina
was investigated using a VAD rat model in the present study.
VAD was induced by feeding a VA deficient diet to Brown Norway (BN) rats (18
males, 22 days old) for 10 weeks. The retinoid concentrations were measured in the
plasma and retina between 6 and 10 weeks after initiation of VA deficient diet to
confirm VAD. The effects of VAD on the retina were evaluated functionally by
ERG and morphologically by routine ophthalmologic and histologic examination.
VAD decreased the amplitude of a-, b-, and op-waves in ERG without histological
changes at 10 weeks after initiation of feeding VA deficient diet. The degree of reduction in op-wave amplitude was more prominent than that of a- and b- waves,
and coincided with the degree of reduction of retinal retinoids.
The op- wave is generated from amacrine cells and ganglion cells in the inner layer
of retina. Therefore, it is considered that retinoids have important roles also in the
inner retinal layer cells. In this study, we also discuss a possible mechanism of action
of retinoids in the control of op-wave in the inner retinal layer cells.

1041

NEUROACTIVITY OF THE β-CARBOLINES, HARMANE
AND NORHARMANE, FOUND IN TOBACCO SMOKE:
AN IN VITRO STUDY.

S. F. Ali1, S. M. Lantz1, E. Cuevas1, B. L. Robinson1, M. G. Paule1 and M. H.
Baumann2. 1NCTR/FDA, Jefferson, AR and 2Laboratory of Clinical
Psychopharmacology, IRP/NICA, Baltimore, MD.
Nicotine is one of the most frequently used drugs of abuse, and its use is associated
with 5 million deaths annually. It has long been speculated that tobacco, in addition to nicotine, contains other compounds that are addictive or act in concert with
nicotine. Two promising candidates are the β-carbolines (βCs) harmane and
norharmane, which are condensation products of the major smoke constituent acetaldehyde. As harmane and norharmane are monoamine oxidase (MAO) inhibitors with potent central nervous system (CNS) activity, the toxic effects of exposure to these βCs warrants investigation. In the current study, the neuroactive
profile of harmane and norharmane (1-750μM) was investigated after 24 hr exposure in MN9D cells. The effects of these βCs (1-10μM) alone and in combination
with nicotine (5-50μM) were also assessed. Cell viability and mitochondrial function were evaluated using LDH and XTT assays, respectively. HPLC was used to
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determine the intracellular levels of dopamine. To clarify their role in dopamine release, tyrosine hydroxylase (TH) and MAO location and expression were determined using immunohistochemistry and western blot techniques. The data indicate that harmane and norharmane significantly elevate dopamine release, with
EC50s of 7μM and 9μM, respectively. Co-administration of the βCs with nicotine
dose-dependently increased dopamine release and altered pTH, TH, MAO-A, and
MAO-B protein levels. Further studies are underway to clarify the role of these βCs
in addiction.

1042

MODULATION OF HUMAN GABAA AND
ACETYLCHOLINE RECEPTORS BY BROMINATED
FLAME RETARDANTS.

H. S. Hendriks, R. G. van Kleef and R. H. Westerink. Neurotoxicology Research
Group, Institute for Risk Assessment Sciences, Utrecht University, Utrecht,
Netherlands.
Polybrominated diphenyl ethers (PBDEs) are a major class of brominated flame retardants. Their chemical structure and toxic effects are largely comparable to those
of polychlorinated biphenyls (PCBs). Previous research identified the nervous system as being among the most sensitive target organ for flame retardants, with modulation of inhibitory GABAA neurotransmitter receptors and excitatory nicotinic
acetylcholine (nACh) receptors as a potential mode of action for halogenated flame
retardants.
Therefore, the present study aimed at comparing effects of the abundant congeners
PBDE-209, PBDE-47, PCB-47 and a hydroxylated metabolite 6-OH-PBDE-47
on the function of human α1β2γ2L GABAA and α4β2 nACh receptors. The human
neurotransmitter receptors were expressed in Xenopus oocytes and their function
was investigated using the two-electrode voltage-clamp technique. The results
demonstrate that inhibitory GABA-mediated signaling was concentration-dependently activated or potentiated by PCB-47 and 6-OH-PBDE-47, while PBDE-209
inhibited the activation of the receptor. Contradictory, small but concentration-dependent inhibition of the excitatory ACh-mediated signaling was induced by PCB47, 6 OH PBDE 47 and PBDE-209. Notable, no effects were observed for PBDE47 on the receptors. The data indicate that oxidative metabolism increases the
neurotoxic potential as PBDE-47 was without effect, whereas the hydroxylated
metabolite affects both receptors. Moreover, since both the GABAA and nACh receptor are critically involved in brain development, the effects described in this
study may (partly) underlie previously observed neurobehavioral and neuro-developmental effects of PCBs and/or PBDEs. [This work is part of the European
Union-funded project ENFIRO (grant agreement FP7 ENV-2008-1-226563)]
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USING A FLUORESCENT SUBSTRATE TO DEFINE
EFFECTS OF POLYCHLORINATED BIPHENYLS ON
MONOAMINE TRANSPORTERS.

A. I. Bernstein, K. A. Stout, T. S. Guillot and G. W. Miller. Environmental
Health, Emory University, Atlanta, GA.
The vesicular monoamine transporter 2 (VMAT2) is responsible for packaging
monoamine neurotransmitters such as dopamine, serotonin, norepinephrine, epinephrine and histamine into synaptic vesicles. Vesicular monoamine storage is
tightly regulated and dysregulation plays a role in Parkinson’s disease, Huntington’s
disease, drug addiction, neuropsychiatric disorders and pesticide toxicity.
Epidemiological and laboratory studies have identified exposure to PCBs as a potential risk factor for Parkinson’s disease (PD). PCBs are synthetic chemicals primarily used as coolants and insulators in electrical equipment. Although banned for
several decades, PCBs persist in the environment because of their long half-life,
continued presence in items produced before the ban, and poor disposal practices.
Our laboratory has shown a significant elevation of PCBs 138, 153 and 180 in patients with neuropathologically confirmed PD and that PCBs cause a dose-dependent decrease in dopamine transporter (DAT) levels in mouse brain. Here we report
the development of a real-time spatially resolved fluorescent assay that allows measurement of VMAT2 function in whole cells. We demonstrate that our assay can be
used to measure the effect of PCBs on vesicular packaging of monoamines. Using
HEK 293 cells stably expressing the human dopamine transporter and an
mCherry-tagged human VMAT2, we can measure vesicular packaging by analyzing
the colocalization the fluorescent substrate with mCherry. We show that pretreating
cells with a 50:50 mixture of Aroclor 1254 and Aroclor 1260 blocks uptake of the
fluorescent substrate. In addition, treating cells that have been preloaded with the
dye with the same mixture leads to a reduction in colocalization of the substrate
and mCherry, indicating that these PCB mixtures lead to a reduction in vesicular
storage of the monoamine-like substrate. In the current study, we show that our fluorescent assay can be used to elucidate the mechanism by which PCBs disrupt
plasma membrane and vesicular transport.
Supported by NIEHS P01ES016731 and NIDA T32DA015040.
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EVALUATION OF MICROELECTRODE ARRAYS FOR
NEUROTOXICITY SCREENING USING A CHEMICAL
TRAINING SET.

E. R. McConnell2, M. McClain2, J. Ross2, W. R. LeFew1 and T. J. Shafer1.
1Integrated Systems Toxicology, US EPA, Research Triangle Park, NC and 2Axion
Biosystems, Atlanta, GA.
Microelectrode arrays (MEA) have been proposed as a tool for detecting functional
changes in electrically active cells, including neurons, exposed to drugs, chemicals,
or particles. However, conventional single well MEA systems lack the throughput
necessary for screening large numbers of chemicals. The current experiments used
primary cortical neurons grown on Multiwell MEA (MW MEA) plates to screen a
training set of 30 chemicals. Each MEA plate contained 12 wells with 64 microelectrodes/well, for a total of 768 channels. Of the 30 chemicals evaluated, 23 were
known to alter neuronal function (“positives”), including 6 GABAergic and 3 glutamatergic compounds, 4 pyrethroids, 3 metals, 2 cholinesterase inhibitors, 2 nicotinic acetylcholine receptor agonists, valproic acid, verapamil, and fluoxetine. Seven
compounds (glyphosate, acetaminophen, dimethyl phthalate, paraquat, saccharin,
d-sorbitol, amoxicillin), expected to have no effect on neuronal function, were
tested as “negatives.” Chemical effects (50μM or highest soluble concentration)
were assessed for 30 min between 14 and 22 DIV, after collection of 30 min baseline activity. Twenty of the positives altered either the mean network spike rate,
number of active electrodes or both by more than the DMSO control. The 3 positives without effect were valproic acid, nicotine and imidacloprid. None of the negative compounds changed activity by more than DMSO. A Bayesian approach was
then used via a multinomial distribution to compare the electrode activity levels on
a chemical by chemical (rather than well) basis. This analysis displays chemical response in a more detailed manner and has greater sensitivity to detect responses that
differ from control. Based on these results, the MW MEA assay has both high sensitivity and specificity, indicating that cortical neurons grown on MW MEAs are a
useful approach to screen chemicals for neurotoxic effects mediated by a broad variety of mechanisms. (This abstract does not reflect Agency Policy).
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BURST AND PRINCIPAL COMPONENTS ANALYSES OF
MEA DATA SEPARATES CHEMICALS BY CLASS.

B. Lin1, J. Turner3, C. M. Mack2, A. Johnstone2, L. Burgoon4 and T. J. Shafer2.
1North Carolina School of Science and Math, Durham, NC, 2NHEERL, US EPA,
Research Triangle Park, NC, 3North Carolina State University, Raleigh, NC and
4NCEA, US EPA, Research Triangle Park, NC.
Microelectrode arrays (MEAs) detect drug and chemical induced changes in action
potential “spikes” in neuronal networks and can be used for neurotoxicity screening. Analytical “fingerprinting,” using Principal Components Analysis (PCA) on
spike trains may improve the utility of MEAs to classify unknown chemicals by
mode of action. The current study developed such approaches using MEA data
from well understood chemicals (bicuculline, lindane, RDX, picrotoxin, muscimol,
verapamil, fluoxetine, chlorpyrifos oxon, domoic acid, and deltamethrin) and “negative” controls (dimethyl phthalate, acetaminophen, and glyphosate). Bursting parameters (e.g. rate, duration, interspike intervals, #spikes/burst) were computed
and averaged to yield parameter values as a function of concentration, then standardized to control. These data were combined with spike rate and synchrony data
and PCA was performed across all concentrations. The first 3 principal components
accounted for 50, 23, and 8% of the data variability. To determine how well PCA
separated the high dose groups, confidence ellipsoids were drawn around data from
concentrations ≥ each chemical’s IC/EC50 for spike rate. Chemicals in the same
class grouped together and there was noticible separation of GABAA antagonists
from other chemicals. As expected, the negative controls grouped with baseline activity in the absence of chemical. Chlopyrifos oxon grouped closely with fluoxetine,
muscimol and verapamil, and domoic acid grouped near the negative controls,
while deltamethrin separated from the other chemicals. The separation of chemicals
within chemical classes and the separation of different chemical classes indicates
that the sets may be distinguishable. This demonstrates that burst analysis with
PCA offers a promising approach for identifying neurotoxicological modes of action for unknown chemicals. This abstract does not reflect Agency policy.
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ONE-STEP LABELING OF DEGENERATIVE NEURONS
IN UNFIXED BRAIN TISSUE SAMPLES.

Q. Gu, S. Sarkar, L. C. Schmued, M. G. Paule and B. Raymick. Division of
Neurotoxicology, National Center for Toxicological Research, US FDA, Jefferson, AR.
Neurodegeneration is the underlying cause of many chronic neurological disorders
such as Alzheimer’s disease, Parkinson’s disease, Huntington’s disease, and amyotrophic lateral sclerosis, as well as the consequence of acute neuronal insults such

as trauma, stroke, and drug-induced toxicity. A widely used and reliable method for
labeling degenerative neurons in ex vivo brain tissue involves the use of Fluoro-Jade
(F-J) stains. To date, however, all published labeling results utilizing the F-J dyes
have been based on fixed tissue samples. Here, we report a method for labeling degenerating neurons in unfixed brain tissue using F-J C dye, showing results from a
rat model of neurodegeneration induced by the i.p. injection of the excitotoxin,
kainic acid. The labeling procedure is simple and fast (it can be finished in minutes). Since the brain tissue is unfixed, the identified degenerating neurons can be
subsequently harvested using a laser capture microdissection system and mRNAs or
proteins can be extracted for further molecular analyses. This new method of F-J labeling does not involve basic alcohol, potassium permanganate, or acids as does
conventional F-J labeling, thus, this approach avoids the potential interactions between these molecules and extreme pH conditions and mRNAs or proteins. In addition, the labeling procedure works at 4oC, thus, further reducing or minimizing
potential degradation and/or modifications of mRNAs and proteins. We also dissolved F-J in acetic acid, saline, or neutral phosphate buffer and tested it on formalin-fixed brain tissue sections from rats treated with kainic acid. Only F-J in acetic
acid showed good staining, while F-J in saline or phosphate buffer did not label any
cells in fixed-tissue sections, suggesting that an acidic environment is required for
F-J labeling in fixed brain tissue. We anticipate that this one-step labeling method
will be especially useful for studies that elucidate mechanisms of neurodegeneration
at the genomic and proteomic levels.
Supported by NCTR Protocols E07312 and E07477.
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FUNCTIONAL OBSERVATION BATTERY IN
NONHUMAN PRIMATES WITH CONTINUOUS
INTRACEREBRAL INFUSION.

A. S. Aslam1, S. Authier1, 2, A. Schneider3, K. Wong1, J. Bienvenu1, R. Tavcar1,
R. Forster1 and E. Troncy2. 1CiToxLAB, Laval, QC, Canada, 2Faculty of Veterinary
Medicine, University of Montreal, St-Hyacinthe, QC, Canada and 3ANTISENSE
PHARMA GmbH, Ratisbon, Germany.
A functional observation battery (FOB) is often conducted as part of the ICH S7A
safety pharmacology core battery while this evaluation is normally conducted in rodents, it can also be performed in large animals such as nonhuman primates when
justified. Intracerebral infusion is used in patients for delivery of therapeutic agents
for treatment of serious brain diseases. Nonclinical regulatory neurotoxicity studies
often require the use of the clinical route of administration. The impact of continuous intracerebral infusion of saline in Cynomolgus monkeys on clinical signs
(CS), body weight (BW), FOB and histopathology were evaluated. Four males (5.6
to 6.3 kg) were instrumented with a left parietal catheter (Medtronic, Ref. 41207)
and standard jacket and tether system. The animals were continuously infused
using a clinical grade syringe pump for 28 or 42 days. Catheters remained patent
except for 1 animal which presented a transient occlusion after 38 days of infusion.
Intracerebral infusion did not result in any abnormality at CS and FOB. No macroscopic observation related to the procedure was noted except for 1 animal at 42
days post-surgery which presented dark parenchymal cerebral discoloration. At 28
days, histopathology revealed minimal multifocal necrosis with gliosis and white
matter vacuolation at the infusion site and cerebral parenchyma. At 42 days, mild
to moderate necrosis and inflammation with minimal vacuolation were noted at the
infusion site. Mild necrosis and hemorrhage were also noted in the cerebral
parenchyma. In conclusion, continuous intraparenchymal cerebral infusion did not
have any effect on CS, BW and FOB in freely moving Cynomolgus monkeys under
the conditions of this study. Minimal to moderate local changes to the parenchymal
tissue observed histopathologically were considered related to the presence of a foreign material.
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FUNCTIONAL OBSERVATIONAL BATTERY IN
PERSPECTIVE.

W. A. Irwin, J. Doherty and E. Scollon. HED, US EPA, Crystal City, VA.
Hypothesis: The Functional Observational Battery (FOB) is a valuable tool used
for assessing compounds for on target or off target effects (i.e. posture, gait, grooming, grip strength, etc). FOB panels have been highly cited and were originally designed to measure the efficacy of psycho-active drugs (i.e Irwin 1968), plus to report the off-target effects of compounds to calculate the therapeutic index. FOB
endpoints are a complex interplay between the CNS, peripheral nerves, muscles,
various organs and cellular biochemistry. Some FOB signs can reflect both CNS
and peripheral tissue effects, thus secondary assays are required to localize the
pathology to a specific site of action. Results: The FOB results of several chemicals
will be compared, ones affecting the CNS or exclusively peripheral tissues. For
some of the FOB signs, chemicals affecting the CNS had similar results as compounds known to affect exclusively the peripheral tissues. Some peripherally-acting

compounds caused muscle weakness with decreased function, the same as some
CNS compounds. Temperature can be altered by hypothalamus modulators in the
CNS, but also by metabolic stimulators or inhibitors in peripheral tissues. Some
FOB signs are subjective, with relatively high coefficients of variation. Conclusions:
FOB endpoints are valuable toxicology metrics, however, caution must be exercised
when interpreting FOB data since some signs can indicate effects in both the CNS
and peripheral tissues. Detection of FOB alterations alone does not fully characterize the true hazard of the compound. Confirmatory studies are needed to determine
the more precise cause of the FOB alterations, consequences and localize the
pathology to a specific tissue (i.e. specific tissue histology or enzyme assays, etc).
The specific tissue of action is important to the hazard characterization of drugs,
since the CNS has a very limited ability for regeneration, while some peripheral tissues can have a robust ability for reversibility, repair and regeneration (i.e. muscles).
Disclaimer: The views expressed are those of the authors alone and do not necessarily reflect those of the US EPA.
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COMPARISON OF MOTOR AND COGNITIVE
FUNCTION IN TWO SUBSTRAINS OF C57BL/6 MICE.

A. Ashworth, C. P. Curran, J. Fowler and M. McKay. Biological Sciences,
Northern Kentucky University, Highland Heights, KY.
The most common strain of mice used in animal research is C57BL/6 or B6. This
control mouse is used as a standard for many different knockout mice in labs across
the world. Although this strain of mouse is inbred, random mutations and separation of B6 mice in geographically distinct facilities resulted in an accumulation of
genetic differences. Recently, single nucleotide polymorphisms (SNPs) have been
identified in multiple substrains of the B6 line. To determine if these differences
could affect results in common behavioral tests, we compared motor and cognitive
function in two of the most commonly used substrains: C57BL/6J, originating
from Jackson laboratory, and C57BL/6N, originating from the National Institutes
of Health. Motor function was analyzed with rotarod. We used Morris water maze
to assess spatial learning and memory and novel object recognition to assess nonspatial learning and memory. We found no significant differences in rotarod performance, although there was a significant difference in the learning curve from
days 1-3 compared with days 4-5. In the water maze, C57BL/6J mice outperformed the C57BL/6N mice in all three phases of hidden platform testing even
after correcting for a statistically significant difference in swim speed. Our findings
suggest the choice of substrain as a control or background strain might influence
the interpretation of results from classic neurobehavioral tests.

1050

ASSESSMENT OF THE RESPIRATORY SENSITIZATION
POTENTIAL OF PROTEINS USING AN ENHANCED
MOUSE INTRANASAL TEST (MINT).

S. M. Krieger, D. R. Boverhof, M. R. Woolhiser and J. A. Hotchkiss. The Dow
Chemical Company, Midland, MI.
There remains a need for a simple and predictive animal model to identify compounds with the potential to induce respiratory sensitization and allergy. The
mouse intranasal test (MINT) has been applied for the assessment of the relative allergic potential of detergent enzymes; however its assessment was limited, evaluating only total and enzyme-specific antibody levels as endpoints. The present study
was designed to evaluate an enhanced MINT which included multiple endpoints
(serum antibody levels, airway inflammation and airway hyperresponsiveness
(AHR)) to determine their value in improving the specificity and predictive accuracy of the MINT. BDF1 mice were intranasally instilled on days 1, 3, 10, 17 & 24
with Subtilisin (SUB), ovalbumin (OVA), beta-lactoglobulin (BLG), mouse serum
albumin (MSA), or Keyhole Limpet Hemocyanin (KLH). On test day 29, wholebody plethysmography was used to measure AHR following methacholine or specific protein challenge followed by evaluation of bronchoalveolar lavage (BAL)
fluid, pulmonary histopathology, and serum immunoglobulin responses.
Evaluation of the results indicated that the assessment of AHR measured via wholebody plethysmography did not provide data that allowed for the evaluation protein
allergenicity. Reagenic antibody responses and IgG1 and IgG2a isotype characterization proved to be the most sensitive and reliable indicators of the protein allergenic potential, with SUB and OVA producing the most robust responses. BAL responses after protein-specific challenge were also indicators of allergic potential,
with SUB, OVA, and KLH showing dose dependent induction of eosinophils in
the BAL. Both BLG and MSA resulted in minimal to no responses for all endpoints. These data highlight that the evaluation of the respiratory sensitization potential of proteins can be best informed when multiple parameters are evaluated,
and further improvements and refinements of the assay are necessary.
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ACUTE INHALATION TOXICITY IN RATS EXPOSED TO
GASEOUS ATMOSPHERES OF HYDROGEN FLUORIDE
AND CARBONYL FLUORIDE.

A. J. O’Neill1, M. A. Bazar1, L. Crouse1, M. A. Chapman2 and A. J.
Januszkiewicz3. 1Toxicology Portfolio, US Army Public Health Command, Aberdeen
Proving Ground, MD, 2US Army Test Center, Aberdeen Proving Ground, MD and
3Walter Reed Army Institute of Researach, Silver Spring, MD.
The Automatic Fire Extinguishing System (AFES) in Army vehicles commonly employs the “clean” agents Halon 1301 or FM-200. As a consequence of their fire extinguishing mechanism, toxic pyrolysis products are formed as an essential chemical step. These toxic gases include the acid halides hydrogen fluoride (HF) and
carbonyl fluoride (COF2) which Army personnel may be exposed to. Groups of 10
rats each were exposed nose-only to a single, 5- or 10-minute exposure to gaseous
atmospheres of either HF or COF2. Chamber concentrations were measured with
a Fourier Transform Infrared Spectrometer (FTIR). Respiratory rates were measured during exposures and rats were monitored for mortality, clinical signs, and
body weights. The 10-minute acute lethality concentration (LC50) for HF was
49,000 ppm and 1,100 ppm for COF2. Evaluation of the toxicity issues related to
the potential exposure to these gases is an integral part of armored vehicle development and live fire testing.
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IN SEARCH OF PREDICTIVE PULMONARY HAZARD
ASSAYS: LUNG TOXICITY AND IN SILICO STUDIES TO
ASSESS TITANATE PARTICULATE MATERIALS.

M. B. Golt1, E. Daimon2, K. Inada2, K. L. Reed1 and D. B. Warheit1. 1DuPont
Haskell Lab., Wilmington, DE and 2Otsuka Chemical Co., Ltd., Osaka, Japan.
The development of accurate lung toxicity studies are a necessary component of
risk assessments. The aims of these studies are to develop less expensive/animal-intensive alternatives. Terracess compounds are a variety of metal titanium oxide
(TO) particulate products, which include potassium TO varieties, such as sodium,
magnesium or lithium TO or titanate particulates of different shapes and particle
sizes. Ninety day inhalation toxicity studies in rats conducted with the magnesium
and potassium TO varieties demonstrated low toxicity (NOAELs = 50 and 10
mg/m3, respectively). In addition, pulmonary bioassay studies with Terracess JS
(another type of potassium TO particle) indicated benign effects in rats compared
to positive (i.e., quartz) controls. Previously we reported that the Vitamin C assay
could serve as an effective screening tool for predicting in vivo lung effects of titanium dioxide (TiO2) particulates as an in silico indicator of particle surface reactivity for fine and ultrafine (uf ) TiO2 particulates; and results correlated with in vivo
pulmonary toxicity effects in rats as reported in an earlier study (Warheit et al.,
2007). Accordingly, we postulated that the Vitamin C assay might likewise serve as
an animal alternative, predictive screening tool for other titanium oxide-containing
compounds. To test the hypothesis, two different forms of potassium TO, magnesium potassium TO, and lithium potassium TO particulates were tested in the
Vitamin C assay, using positive (P25) and negative uf TiO2 control particles. Using
Vitamin C yellowing assay in silico methodology, the results were mixed – moderate
surface reactivity for two potassium titanate compounds and low reactivity for
lithium or magnesium potassium titanate particles. Thus, the data did not always
correlate with low in vivo lung toxicity results on the same previously tested compounds. Based upon these results, the Vitamin C yellowing assay may be an effective screening tool for TiO2 particulates but not titanate (TO) particle-types.

1053

ACUTE TOXICOLOGICAL RESPONSES OF FISCHER
RATS TO NATURALLY OCCURRING ASBESTOS FROM
THE UNITED STATES AND CANADA.

J. M. Cyphert1, D. J. Padilla-Carlin2, A. Nyska4, J. H. Shannahan1, M. C.
Schladweiler3, U. P. Kodavanti3 and S. H. Gavett3. 1Curriculum in Toxicology,
University of North Carolina Research Program, Chapel Hill, NC, 2CRIS, DERT,
NIEHS, Research Triangle Park, NC, 3EPHD, NHEERL, US EPA, Research
Triangle Park, NC and 4Sakler School of Medicine, Tel Aviv University, Tel Aviv,
Israel.
This study was designed to provide understanding of the toxicity of naturally occurring asbestos (NOA) including Libby amphibole (LA), Sumas Mountain
chrysotile (SM), El Dorado Hills tremolite (ED) and Ontario actinolite/ferroactinolite cleavage fragments (ON). Rat-respirable fractions (aerodynamic diameter ≤
2.5 μm) were prepared by water elutriation and delivered via a single intratracheal
(IT) instillation at doses of 0.5 and 1.5 mg/rat. Bronchoalveolar lavage fluid
(BALF), lung histology, and baseline pulmonary function were analyzed 1 d and 3
mo post-IT. One day post-IT, low-dose NOA exposure resulted in a 3-4 fold increase in BALF cellularity compared to dispersion media (DM) controls, whereas
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high-dose exposure had a more severe effect on lung inflammation which varied by
source. Although inducing less acute inflammation than ON and ED, exposure to
either LA or SM resulted in increased eosinophilia, as well as a greater degree of
acute lung injury. Additionally, an increase in Penh (correlated with airway resistance) was only noted in rats exposed to high-dose LA or SM. Three months postIT, most BALF parameters had returned to DM control levels. Despite a relative return to baseline of lung inflammatory and injury markers, the development of
fibrosis, as determined histologically, was greatest in SM-exposed rats
(SM>LA>ON>ED). Consistent with this, elevated Penh was only noted in highdose SM-exposed rats. These data demonstrate that, in the rat, SM results in more
significant fibrosis and impairment of baseline lung function than exposure to LA.
This study suggests that there may be cause for concern for people at risk of being
exposed to NOA from the Sumas Mountain landslide, and highlights the need for
further study of sites where NOA is present. (This abstract does not represent US
EPA policy).

1054

DETECTION OF NAPHTHALENE (NA)-DNA ADDUCTS
IN MOUSE OLFACTORY AND AIRWAY EPITHELIAL
TISSUES BY ACCELERATOR MASS SPECTROMETRY.

B. A. Buchholz1, M. J. Sarachine1, L. S. Van Winkle2, D. Morin2 and A. R.
Buckpitt2. 1Center for AMS, Lawrence Livermore National Laboratory, Livermore,
CA and 2Veterinary Medicine, University of California Davis, Davis, CA.
Humans are exposed to the ubiquitous PAH, NA, through a variety of industrial
and environmental sources. NA is a byproduct of fossil fuel manufacturing, is released following the combustion of wood, gasoline, and tobacco and is a major
component of jet fuel. NA metabolites are consistently detected in human urine.
Concern over the potential health effects of NA focuses in part on a role in the development of lung cancer, the number one cancer killer of men and women.
Chronic rodent exposure studies showed that NA causes tumors in mice and rats.
However, the majority of standard in vitro short-term mutagenicity assays for NA
are negative. Formation of both depurinated and stable DNA adducts in vitro and
in skin painting studies has been reported. Skin is not a known target tissue for NA,
however. NA-derived DNA adducts have not been demonstrated in the respiratory
system of any species. The goal of this research is to determine if stable NA-DNA
adducts form in target tissues. Dissected airway and nasal olfactory epithelial tissues
were incubated with 50 μM 14C-NA for 1 hr. DNA was isolated and its purity verified by A260/A280 ratios. DNA samples were analyzed for 14C by accelerator mass
spectrometry. NA-DNA adduct levels were slightly increased in treated airways
compared to control, indicating DNA adduct formation occurs at low levels. The
nasal olfactory epithelial samples yielded too little DNA to generate conclusive data
and tissues will be pooled in the future. This preliminary ex vivo work demonstrates
the feasibility of AMS to measure these low concentrations. More ex vivo studies to
eliminate the chance of protein contamination will be needed as will in vivo studies.
These studies provide the necessary data in target tissues to establish whether stable
naphthalene-DNA adducts form and potentially clarify the mechanism of action of
naphthalene tumorigenicity in animal models. Supported by NIEHS 04699 and
NCRR 13461.
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PULMONARY RESPONSES AFTER INHALATION OF
RESISTANCE SPOT WELDING FUME USING AN
ADHESIVE.

P. C. Zeidler-Erdely, A. A. Afshari, T. G. Meighan, W. McKinney, B. T. Chen,
D. Schwegler-Berry, M. Jackson, A. Cumpston, J. L. Cumpston, H. D.
Leonard, A. Erdely, D. G. Frazer and J. M. Antonini. NIOSH, Morgantown, WV.
Resistance spot welding (RSW) is commonly used in the automotive and aircraft
industries where high speed, repetitive welding is needed and relatively thin metal
sections are welded. Epoxy adhesives are applied as sealers to the seams of the metals that are joined. RSW produces complex aerosols composed of both metals and
volatile compounds which have caused respiratory symptoms, including bronchitis
and asthma, in exposed workers. The goals of the study were to develop a RSW
generation and inhalation system, characterize the generated aerosols, and expose
laboratory animals to determine the potential mechanisms that may be involved
with the development of lung toxicity. RSW was configured so that two aerosols
were generated and compared: (1) high metal (HM) fume and (2) low metal (LM)
fume (mostly volatiles). Male Sprague-Dawley rats were exposed to 20-50 mg/m3
of the aerosols for 4 hr/d x 3 d. Control animals were exposed to filtered air.
Bronchoalveolar lavage (BAL) was performed at 1 and 7 d after exposure, and lung
injury and inflammation parameters were measured in the recovered lavage fluid
(BALF). Mass median aerodynamic diameter was determined by a Micro-Orifice
Uniform Deposit Impactor and found to be 0.77 and 0.93 μm for the HM and
mostly volatile LM fume, respectively. The HM fume was composed of greater than
90 % Fe, whereas little to no metal was present in the LM fume. Volatiles present in

the LM fume included benzene, toluene, 2-propen-1-ol, acetone, and others. An
increase in lung injury parameters (albumin and lactate dehydrogenase) in the
BALF was observed at 1 d after exposure to the HM fume that had resolved by 7 d,
whereas exposure to the LM fume had no effect on lung injury and inflammation.
Initial findings of this pilot study indicate that the metal, and not the volatile, component of RSW aerosol may influence the development of lung injury. Additional
inhalation studies are ongoing to determine if either of these components alters
lung function.
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CARDIOPULMONARY HEALTH EFFECTS OF TRAFFICRELATED AIR POLLUTANTS.

J. E. Mirowsky1, R. Peltier2, M. Lippmann1 and T. Gordon1. 1Environmental
Medicine, New York University, New York, NY and 2Environmental Health Science,
University of Massachusetts, Amherst, MA.
There is emerging evidence that the inhalation of certain components of ambient
air PM is associated with adverse health effects. These studies, combined with others that looked at the sources of toxicants, implicate traffic markers. Our study is
designed to integrate the associations between health effects and exposures to
freshly generated traffic-related PM. In this case-control study, 11 healthy, nonsmoking participants were recruited to measure pulmonary function (FEV1, FVC),
exhaled NO, and blood pressure prior to, immediately after, and 24 hours after
they walked along 3 diverse roadway types for 1.5 hours between July and
September 2011. Prior to participation, volunteers went through a consenting
process as determined by protocols approved by NYU’s IRB. The 3 roadway locations differ by traffic type: the George Washington Bridge (GWB) carries truck and
car traffic, the Garden State Parkway (GSP) carries car traffic, and Sterling Forest,
NY (SF) acts as a control location with little traffic influence. Levels of PM2.5,
PM10, and BC were found to be 0.034 μg/m3, 0.043 μg/m3, and 8321 ng/m3 at
the GWB; 0.017 μg/m3, 0.027 μg/m3, and 2452 ng/m3 at the GSP; and 0.017
μg/m3, 0.020 μg/m3, and 1496 ng/m3 at SF, respectively. Using a two-tailed
paired t-test, p-values were generated between the GWB or GSP and SF results.
Despite the limited number of subjects, a trend of increasing eNO between the
GWB and SF both directly and 24 hours after the exposure (p=0.11 and 0.23) and
a decreasing trend of systolic blood pressure both directly and 24 hours after the exposure between the GWB and SF (p=0.07 and 0.12) were observed. While no statistically significant differences in health effects were observed, a trend of increased
eNO and decreased blood pressure at the GWB, in comparison to SF, suggests that
acute effects of traffic-related air pollution could be observed in a small, healthy
population.
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COMPARATIVE LUNG DEPOSITION OF ACTIVATED
CHARCOAL PARTICULATES IN RATS AND DOGS.

A. Dumais1, J. Haruna1, J. Bienvenu1, R. Tavcar1, M. Stoute1 and R. Forster2.
1Study Managment, CiToxLAB North America, Laval, QC, Canada and 2Study
Managment, CiToxLAB France, Evreaux, France.
Adequate lung deposition of aerosolized material is essential for preclinical toxicity
assessment of inhaled materials. Unless bronchoalveolar lavage sampling is undertaken or material is visible in routine light microscopy examinations, lung deposition is not necessarily confirmed, in situ, in toxicological studies. Instead, the estimation of deposited material in the lungs is generally assumed by laboratories to be
10% in rats and 25-30% in dogs. Activated charcoal (AC) was selected as it is retained and visible in lung macrophages. Twenty Sprague-Dawley female rats and 4
Beagle dogs were exposed to AC over 3 days for 6hrs/day and 2hrs/day, respectively.
Aerosols were generated at a reasonable multiple of OSHA Nuisance Dust limits,
using a packed blend of 16.7% AC (100-400 mesh) in food grade corn starch.
Overall aerosol concentrations were comparable between studies: 0.31mg/L (rats)
and 0.33mg/L (dogs). The emphasis was on aerosol stability, rather than strict adherence to a targeted aerosol concentration, and on the last treatment the coefficient of variation for the aerosol sample results were 4.4% (rats) and 0% (dogs).
The AC concentration in the aerosols was enriched to approximately 85% since the
corn starch (coarse particles) was mostly removed from the aerosol in the sedimentation separation devices. The resulting poly-dispersed aerosol, with more than half
respirable particles (<4μm), was well suited to maximize lung burden and exposing
the entire respiratory tract to AC. Histopathological changes were as expected:
black pigments within alveolar macrophages in the centriacinar areas and bronchiolar epithelium and/or lumen in the lungs, peribronchiolar and/or perivascular inflammation and; multifocal degeneration/regeneration of the bronchiolar epithelium (rats only). In conclusion, activated charcoal exposure was an efficient method
to verify the equipment, methodologies, and confirmed the relationship between
both species in terms of assumed lung deposition.
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COMPACT HIGH-OUTPUT RESPIRABLE AEROSOL
GENERATOR FOR BIOLOGICS.

D. B. Yeates. KAER Biotherapeutics, Escondido, CA. Sponsor: J. Norris.
Inhalation toxicology exposures often require the delivery of high concentrations of
respirable particles. Such generation of high concentrations represents formidable
challenges, especially when large labile molecules are involved. To address this need
a new class of aerosol delivery system was developed. This system, SUPRAER™,
(19”x8”x11”) generates a large aqueous aerosol from a solution of the active agent
using a low-shear nozzle. The droplets are arrested by a counter-flow air stream and
rapidly dried with warmed dilution air and infrared radiation. The resultant dry
power aerosol is concentrated using a virtual impactor and delivered to the output
at a positive pressure of 2 inches of water. A solution of 16% albumin (as a surrogate) was aerosolized. The masses of aerosol collected at the output at 30 l/min were
58, 107, 139, 178 mg/min at fluid infusion rates of 0.6, 1.0, 1.5 and 2 ml/min, respectively. Thus, concentrations up to 6 mg/l were obtained at efficiencies greater
that 55%. The MMAD measured with a Marple Miller cascade impactor was
found to be 3.4 μm. 85% of the collected aerosol was in the respirable range.
Porcine trypsin was also aerosolized and collected. A solution of this trypsin was
placed on a confluent cell culture. The cells detached from the substrate in a similar
manner to a control solution of trypsin. SUPRAER™ comprises a new generation
of aerosol generation technology to rapidly deliver aerosols of pure large labile molecules.

1059

CALCITE AS A PREVENTIVE AGENT FOR COAL
WORKERS’ PNEUMOCONIOSIS.

M. M. Aladdin, X. Huang, Q. Yang, J. Jian and L. Chen. Nelson Institute of
Environmental Medicine, New York University School of Medicine, Tuxedo, NY.
According to the US Energy Information Administration, coal remains to be the
number one source of electricity, it fueled about 48.5% of the world’s electricity
production in 2008. This has many implications on the health of coal workers,
such as increased risk of developing coal workers’ pneumoconiosis (CWP).
Epidemiological studies have determined that the prevalence of CWP is much
higher in the Eastern US than the Western US. This indicates that the chemical
compositions of coal may have a great affect on the development and prevalence of
CWP. Acidity and the amount of Bioavailable Iron (BAI) have been demonstrated
to be two important contributing factors to the toxicity of coal. BAI is the result of
the oxidation of pyrite (FeS2) and its stability is pH-dependent. Coals from the
western US have a high levels of calcite (CaCO3), and subsequently high pH, and
low BAI. Based on these findings, we hypothesize that by adding calcite into a coal
suspension, the amount of BAI will decrease thereby decreasing toxicity of the coal.
We determined dose-response effects of calcite and coal samples from PA and UT
in three models: cell-free, cell culture (Beas 2B cells) and mouse (129/SvEvTac).
The BAI in PA coal originally at 400 ppm, was significantly reduced to 3-5 ppm
within 20 minutes of adding a 10% calcite solution suspended in water. Also, RTPCR results show that calcite helps reduce EMT markers such as fibroblast-specific
protein-1 (FSP-1) in the murine model. We also speculate that inflammatory markers such as IL-6 and IL-1a would be down-regulated in the calcite and PA coal solutions as compared to the PA coal solution. These results demonstrated that introduction of calcite into coalmines of eastern regions of US could help reduce the
incidence of CWP. Future studies should be aimed to corroborate findings in humans, as well as investigate the potential preventive effects of calcite in pulmonary
fibrosis upon coal exposure.
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IMPAIRED ABILITY OF NEONATAL RATS TO ALTER
EXPRESSION OF ANTIOXIDANT ENZYMES
FOLLOWING INHALATION OF ULTRAFINE
PARTICLES.

J. Chan, S. D. Kodani, D. S. Anderson and L. S. Van Winkle. Center for Health
and the Environment, University of California Davis, Davis, CA.
Exposure to airborne particulate matter (PM) pollution has been correlated with
the development and exacerbation of asthma, especially in susceptible populations
such as young children. Inhalation of polycyclic aromatic hydrocarbon (PAH) rich
particles exacerbates respiratory disease and has been shown to cause oxidative
stress. Polymorphisms in various antioxidant enzymes have correlated asthma with
exposure to traffic generated PM. PM is a dynamic mixture with source and temporal variations that confound systematic studies of acute effects. In response, we
have developed a laboratory-based PAH rich ultrafine particulate (PFP) atmosphere
that is devoid of metals and allergens and can be replicated for use in animal models. We exposed 7 day old neonatal and adult rats to a single 6 hour dose of 22.4
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ug/cu m PFP and sampled lung tissue 2, 24 and 48 hours post exposure. We hypothesized that when compared with adults; neonatal rats have a limited ability to
up-regulate antioxidants following PFP exposure. We tested this hypothesis by
measuring antioxidant gene and protein expression in the lung. Both glutathione
peroxidase (GPX1) and superoxide dismutase (SOD1) protein expression were unchanged following PFP exposure in neonates but was significantly induced in
adults; GPX1 1.8 fold and SOD1 2.6 folds. This did not correlate with compartment specific changes in mRNA expression. This underscores the importance of examining both gene and protein expression. Additionally, divergent gene expression
patterns in other antioxidant enzymes, including catalase, glutamate cysteine ligase,
and heme oxygenase were observed between neonates and adults. We conclude that
neonates have an impaired ability to respond to environmental exposures, which
could in part explain the increased susceptibility to ultrafine particulates in developing lungs. Funded by: USEPA RD-83241401, NIH grants ES005707,
RR00169, P42 ES004699, and T32 ES007058.
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TEMPORAL PATTERN OF INFLAMMATION IN
NEONATAL AND ADULT RATS FOLLOWING
INHALATION OF PARTICULATE MATTER.

D. S. Anderson, J. K. Chan, F. Tablin and L. S. Van Winkle. University of
California Davis, Davis, CA.
Over 23 million children under age 18 live in counties with unhealthy levels of
short term particulate air pollution . This can predispose to respiratory disease. In
this study, 7-day neonatal and 8-week old young adult Sprague-Dawley rats were
exposed for 6 hrs to laboratory synthesized PM (170 ug/m3, mean diameter
190nm) or to filtered air (FA). Peripheral blood and bronchoalveolar lavage fluid
(BAL) was collected at 2 and 48 hours post exposure to monitor local and circulating markers of inflammation. Serum was collected for a multiplex cytokine array
and lung tissue was microdissected for airway and parenchymal gene expression.
PM exposure increased neonatal, but not adult, neutrophil (PMN) in the BAL significantly at both 2 and 48 hrs. Within the lung tissue, gene expression of colony
stimulating factor (CSF)-1 was significantly increased after 48 hr of exposure to
PM in the airways of both neonates and adults. Interleukin (IL)-4 gene expression
was significantly increased only in neonate airways at 48 hr. Baseline expression of
IL-6 was significantly greater in adult airways and parenchyma, as was interferon
(IFN)-gamma. White blood cell counts in the circulation were not significantly altered by exposure at either age. In adult animals exposed to PM, serum cytokine
levels were significantly increased at 48 hr compared to FA for IL-1alpha, IL-1beta,
IL-4, IL-10, granulocyte macrophage colony-stimulating factor (GM-CSF), IFNgamma and tumor necrosis factor (TNF)-alpha. PM exposed neonatal rats had significant decreases of IL-2, IL-4, IL-6, IL-10 and TNF-alpha at 48 hr in serum. We
conclude that: 1) local inflammatory responses, particularly PMNs, are more robust to the same concentration of PM in neonates than in adults and 2) circulating
cytokines are more likely to be increased in adults than in neonates following an inhalation exposure to fine/ultrafine PM, even in the absence of lung cytotoxicity or
elevation of BAL cells. Supported by USEPA RD-83241401, ES06700 and
ES05707.
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PULMONARY TOXICITY OF AMINES USED FOR
CARBON CAPTURE AND STORAGE.

D. Kracko1, J. McDonald1, M. Doyle-Eisele1, A. Rohr2 and E. Knipping2.
1Lovelace, Albuqueruque, NM and 2EPRI, Palo Alto, CA.
Carbon dioxide (CO2) absorption with aqueous amine solvents is among the leading candidates for use in carbon capture and sequestion (CCS) techniques aimed at
reducing greenhouse gas emissions from flue gases (coal-fired power plants, refineries, etc). The environmental consequences this technology have been poorly characterized. A concern is that amines or degradation products that may form in the capture system or via interaction with flue gases may be emitted to the atmosphere and
create unintended human exposures. The potential for these emissions to occur, the
potential for the emissions to result in exposures, and the resulting health risk of
these exposures are unknown. This study evaluated the potential health risk of inhalation exposure to amines and amine degradationproducts. Three model amines
(monoethanolamine (MEA), methyldiethanolamine (MDEA), piperazine (PIP))
and their laboratory generated degradation products were used to create inhalation
exposure atmospheres for exposures in mice. C57bl/6N mice were exposed for
seven days by inhalation to 25 ppm amine or the equivelant concentration of degraded amines. Inflammatory response in lungs was assessed by counting inflammatory cells in lavage fluid and measuring cytokine expression in lung tissue.
Inhalation exposure to degraded MEA resulted in significant increases in total cells,
neutrophils, and lymphocytes compared to control mice. Significant increases in
inflammatory cytokine expression were seen in mice exposed to the degraded
MDEA atmosphere. These exacerbated inflammatory responses in mice exposed to
degraded amines suggest that oxidative products of amines may produce increased
toxicity. Work supported by the Electric Power Research Institute.
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COMPARISON OF HEALTH EFFECTS AND
COMPOSITION OF SECONDARY ORGANIC
AEROSOLS.

A. Rohr2, E. Knipping2, J. Seinfeld3, M. Doyle-Eisele1, J. Surratt4, D. Kracko1
and J. McDonald1. 1Lovelace, Albuqueruque, NM, 2EPRI, Palo Alto, CA, 3CalTech, Pasadena, CA and 4University of North Carolina, Research Triangle Park, NC.
We present findings from the Secondary Particulate Health Effects Research
(SPHERES) program, which was created to define the composition and resulting
relative health hazard of secondary organic aerosol (SOA) synthesized under varying reaction conditions. Reaction conditions were varied to evaluate SOA derived
from a biogenic (α-pinene) or anthropogenic (toluene) hydrocarbon precursor in
the presence of NOx/sunlight. The reactions were conducted with/without the addition of SO2 that would add additional acidity, and then a subsequent exposure
where ammonia was added to titrate the acidity. Target SOA exposures were conducted at 300 μg/m3 of particulate material. Direct comparisons of composition
and toxicity were conducted with normalization of atmospheres to either total particulate matter or total organic particulate matter. Exposures were conducted for 7
days (6 hr/day) to ApoE mice (male, 8-10 weeks) down-stream of honeycomb denuders employed to remove ozone. Measurements of pulmonary inflammation
(lavage white blood cells) and indicators of vascular injury and remodeling were assessed. The presence of SO2 led to differences in the observed SOA composition for
both α-pinene and toluene. SO2 participated directly with α-pinene to form
organosulfate compunds, and had an apparent modification of toluene chemistry
that led to enriched amounts of organonitrate compounds. The vascular responses
showed increased expression of Heme-oxygenase-1 and endothelin-1 (ET-1) with
α-pinene /SO2, and ET-1/matrix metalloproteinase for toluene/SO2. The addition
of ammonia did not reduce the observed responses. Overall, the biological responses to SOA exposure were mild. Work supported by the Electric Power
Research Institute.
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CORRELATION BETWEEN COMPUTER-DERIVED
OZONE FLUX AND OZONE-INDUCED INJURY IN THE
NASAL AIRWAYS OF INFANT RHESUS MONKEYS.

S. A. Carey1, G. Garcia2, E. M. Postlethwait3, J. R. Harkema1 and J. S.
Kimbell4. 1Michigan State University, East Lansing, MI, 2Universidade Federal de
Minas Gerais, Belo Horizonte, Brazil, 3University of Alabama at Birmingham,
Birmingham, AL and 4University of North Carolina at Chapel Hill, Chapel Hill,
NC.
The mechanisms by which ozone, the principal oxidant pollutant in photochemical
smog, causes nasal epithelial injury are incompletely understood. We have demonstrated that cyclic ozone exposure causes epithelial necrosis, squamous metaplasia,
and neutrophilic rhinitis in the nasal airways of infant monkeys, a model for the developing nasal airways of children. These lesions are not uniformly distributed
across the nasal airways, but rather are site-specific in their distribution. This sitespecificity is likely due to a complex relationship between tissue susceptibility and
local ozone dose. The purpose of this study was to test the hypothesis that ozone
flux plays a role in the site-specificity of this injury. To test this hypothesis, we developed a three-dimensional (3D) computational fluid dynamics (CFD) model of
the left nasal cavity of a 6-month-old rhesus monkey. The computer model was
used to simulate inspiratory airflow and ozone uptake. Simultaneously, 6-monthold rhesus monkeys were exposed to 1 cycle of ozone (5 days of filtered air + 9 days
of 0.5 ppm ozone, 8h/day), 11 cycles of ozone, or filtered air. The left nasal passage
was processed for light microscopy. The presence or absence of epithelial necrosis
was plotted on the corresponding regions delineated on the CFD model. Model
predictions of ozone flux were compared to lesion incidence along the perimeter of
two transverse cross-sections by correlation analysis. In our model, high ozone flux
was not limited to the regions of ozone-induced injury, but was also found in other
regions of the nasal airways. As a result, ozone flux was not significantly correlated
with ozone-induced epithelial necrosis. These findings suggest high dose alone is
not sufficient for ozone-induced nasal airway injury, and that additional biological
factors may render some sites more susceptible to injury after ozone exposure.
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CARDIOVASCULAR TOXICITY OF SEMIVOLATILE
CONSTITUENTS OF PARTICULATE MATTER IN AN
ATHEROSCLEROTIC MOUSE MODEL.

A. J. Keebaugh1, L. Mendez1, P. Pakbin2, Z. Ning2, G. Gookin1, C. Sioutas2
and M. Kleinman1. 1University of California Irvine, Irvine, CA and 2Environmental
Engineering, University of Southern California, Los Angeles, CA.
Previous studies have shown an association between increasing distance from ultrafine particulate matter (PM) emission sources and decreased PM toxicity. We hypothesized that the decrease in PM toxicity may be due to rapid changes in ultrafine

PM composition as a result of the partition of semivolatile organic compounds
(SVOC) into the vapor phase once released into the atmosphere. Therefore, the aim
of this study was to assess the difference in cardiovascular toxicity between semivolatile and refractory nonvolatile constituents of ultrafine PM. Apopoliprotein E
knockout (ApoE-/-) mice, which are prone to develop atherosclerosis, were exposed
to ultrafine concentrated ambient particles (CAPs), or to either its semivolatile
components or to nonvolatile CAPs. Animals were exposed for 5 hours a day, 4
days a week, over an 8 week period, 100m downwind of a major freeway. A subset
of animals was implanted with a telemetry device to record electrocardiograph
(ECG) readings. Heart rate variability (HRV), a measure of autonomic cardiovascular function, was calculated from ECG readings during each experiment and
compared to baseline values. The progression of atherosclerosis was determined by
analyzing aorta tissue sections for plaque build-up and lipid accumulation. Serum
levels of total cholesterol and protein carbonyls were also measured. Greater HRV
changes from baseline were observed in mice exposed to unmodified CAPs and
SVOC components. Removal of SVOCs present in ultrafine CAPs resulted in a reduction of both plaque formation and lipid accumulation in the aorta. No differences among groups were observed for total cholesterol and protein carbonyls. The
results indicate that SVOCs are important contributors to the cardiovascular toxicity attributed to ultrafine PM. Further analyses will measure additional serum biomarkers (i.e. lipid peroxidation and CRP) and will attempt to correlate the physiological and biological endpoints with specific PM components (i.e. PAHs).
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PARTICULATE MATTER EXPOSURE MODULATES
OXIDATIVE AND INFLAMMATORY PARAMETERS IN
SPECIFIC REGIONS OF THE APOE–/–MOUSE BRAIN.

L. Mendez1, A. Campbell2, A. Keebaugh1 and M. T. Kleinman1. 1Medicine,
University of California Irvine, Irvine, CA and 2Pharmaceutical Sciences, Western
University of Health Sciences, Pomona, CA.
Exposure to particulate matter (PM), present in urban environments, have been
shown to induce pro-inflammatory central nervous system (CNS) effects in
apopoliprotein E knockout (ApoE-/-) and Balb/c mice. In this study pro-inflammatory and oxidative stress responses in different regions of the ApoE-/- mouse
brains were evaluated after a chronic exposure to fine (≤2.5 μm) concentrated ambient particles (CAPs). Apo E-/- mice were exposed to either CAPs or particle-free
air for 5 hours a day, 5 days per week, for a period of 6 months. Subset of animals
were euthanized at 2, 4 and 6 months to evaluate the progression and persistence of
pro-inflammatory and oxidative stress responses in the brain. To elucidate whether
specific regions of the brain are more susceptible to the adverse effects of CAPs,
brains were dissected into 3 regions (rostral, mid, and caudal) and each region was
analyzed separately. Baseline levels of the pro-inflammatory cytokines IL-6 and
TNFα and the transcription factors NF-κB and AP-1 were different based on the
region analyzed and the exposure length. CAPs treatment did not significantly alter
these baseline levels. Higher levels of IL-6 were observed in the rostral region after 2
and 6 months of exposure. Increases in TNFα were only seen after 6 months of exposure. Baseline levels of the anti-inflammatory cytokine IL-10 were higher in the
caudal region and there was less evidence of inflammation in that region. Baseline
levels of protein carbonyls were higher in the rostral region with an increase of protein oxidation after two months of exposure. The results indicate that different
brain regions may respond uniquely to exposure to ambient air pollutants such as
PM. To what extend these changes contribute to the pathology associated with different neurodegenerative diseases is the focus of our current research endeavors.
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A FOUR-WEEK INHALATION TOXICITY STUDY OF
CUPROUS OXIDE IN RATS.

D. T. Kirkpatrick1, J. B. Nold1, J. T. Weinberg1, R. Danzeisen2 and C. Mackie3.
1WIL Research Laboratories, LLC, Ashland, OH, 2International Copper Assoc., New
York, NY and 3Regulatory Compliance Ltd., Loanhead, Midlothian, United
Kingdom.
The objective of this study, in which albino rats were exposed (whole-body) to
cuprous oxide (Cu2O) aerosols for 4 weeks (5 days/week), was to evaluate inhalation toxicity with an emphasis on respiratory tract pathology. Exposure concentrations were 0, 0.2, 0.4, 0.8 and 2.0 mg/m3. Groups exposed at 0 and 2.0 mg/m3
were also evaluated following a 13-week recovery period. Pathology assessments
consisted of hematology, bronchoalveolar lavage fluid (BALF) evaluations, gross
necropsy and organ weight evaluations and microscopic examination of selected tissues. Test article-related effects on quantitative endpoints included higher blood
neutrophil counts and BALF total protein, lactate dehydrogenase and percent neutrophils at ≥0.2 mg/m3 and higher BALF total cell counts, lung weights (wet and
dry) and bronchial and mediastinal lymph node weights at ≥0.4 mg/m3.
Microscopic effects in the lungs consisted of alveolar histiocytosis (higher numbers
of large, foamy macrophages) and acute inflammation at ≥0.2 mg/m3 and

mononuclear cell infiltrates at ≥0.4 mg/m3. The lungs of animals exposed at 0 and
2.0 mg/m3 were also examined using Masson’s Trichrome stain, revealing slightly
greater collagen staining relative to control in alveolar septa and alveolar ducts.
Lymphoid hyperplasia of the lung draining lymph nodes was seen at ≥0.2 mg/m3.
Microscopic effects in the nasal cavity were rare and limited to the 0.8 and 2.0
mg/m3 groups. At the 13-week recovery evaluation, the only effects were slightly
higher lung weight and slightly increased collagen staining in the lungs. In conclusion, Cu2O-related effects were found at all exposure levels. However, the microscopic findings in the lungs and lymph nodes represented a typical response in the
rat to an inhaled insoluble dust, and there were no microscopic indications of alveolar epithelial injury or repair or of the presence of edema. Nearly complete resolution of findings was observed following a 13-week recovery period.
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EVALUATION OF INHALATION EXPOSURE TO
AEROSOLIZED D-LIMONENE IN SPRAGUE DAWLEY
RATS.

D. Vitale1, M. Singal1, D. T. Kirkpatrick2, F. G. Burleson3, G. Adamson4, S.
Robison5, J. Rose5 and L. W. Smith1. 1Research Institute for Fragrance Materials,
Inc., Woodcliff Lake, NJ, 2WIL Research Laboratories, LLC, Ashland, OH,
3Burleson Research Technologies, Morrisville, NC, 4Givaudan, East Hanover, NJ and
5Procter & Gamble Company, Cincinnati, OH.
D-limonene is a commonly used fragrance material that has been associated with
dermal allergies. The study objective was to evaluate the potential toxic effects, including pulmonary inflammation, of aerosolized d-limonene when administered to
Sprague Dawley (SD) rats by nose-only inhalation at 10, 100, or 1000 ppm for 2
weeks (6 hours/day, 5 days/week). Standard endpoints included clinical observation, body and organ weights, hematology and serum chemistry evaluation, macroscopic/microscopic examination, and bronchoalveolar lavage fluid (BALF) analysis
to determine pulmonary inflammation. Cytokines in BALF and serum were measured for immune-mediated mechanisms of action. For comparison to test compounds and to validate the utility of cytokine measures for evaluation of pulmonary
inflammation, a nose-only inhalation pilot was conducted with 25 mg/m3 amorphous silica (0, 1, 2, 5 or 10 exposures). Consistent with published data, SD rats
had higher lung weights and a time-dependent increase in pulmonary irritation, evidenced by increase in BALF and histopathologic parameters. For d-limonene, respiratory tract changes in the 1000 ppm group animals were minor. BALF parameters were unaffected compared to controls and to silica-treated animals. No
inflammation was indicated by cytokine profiles in BALF and serum. Low thymus
weights in the 1000 ppm group correlated with lymphoid necrosis/depletion in females, while low spleen weights in this group had no microscopic correlate. Highdose males had mild/moderate hyaline droplet accumulation in the kidney proximal tubules, common post oral ingestion. Exposure to 1000 ppm is higher than
any occupational or consumer exposure scenario representing a threshold of response that inhalation exposure to d-limonene in the general population poses little
to no safety concern.
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EVALUATION OF INHALATION EXPOSURE TO
AEROSOLIZED 2, 3-PENTANEDIONE IN SPRAGUE
DAWLEY RATS.

M. Singal1, D. Vitale1, D. T. Kirkpatrick2, F. G. Burleson3, G. Adamson4, S.
Robison5, J. Rose5 and L. W. Smith1. 1Research Institute for Fragrance Materials,
Inc., Woodcliff Lake, NJ, 2WIL Research Laboratories, LLC, Ashland, OH,
3Burleson Research Technologies, Morrisville, NC, 4Givaudan, East Hanover, NJ and
5Procter & Gamble Company, Cincinnati, OH.
2,3-Pentanedione is used in butter flavoring for consumer products. A related material, diacetyl, has been suggested to cause pulmonary effects associated with the
development of bronchiolitis obliterans. The study objective was to evaluate the potential toxic effects, including adverse pulmonary effects, of aerosolized 2,3-pentanedione when administered to Sprague Dawley (SD) rats by nose-only inhalation
at 8.8, 17.5, and 35 ppm for 2 weeks (6 hours/day, 5 days/week). Standard endpoints included clinical observation, body and organ weights, hematology and
serum chemistry evaluation, macroscopic/microscopic examination, and bronchoalveolar lavage fluid (BALF) analysis to determine pulmonary inflammation.
Cytokines in BALF and serum were measured for immune-mediated mechanisms
of action. For comparison to test compounds and to validate the utility of cytokine
measures for evaluation of pulmonary inflammation, a nose-only inhalation pilot
was conducted with 25 mg/m3 amorphous silica (0, 1, 2, 5 or 10 exposures).
Consistent with published data, SD rats had higher lung weights and a time-dependent increase in pulmonary irritation, evidenced by increase in BALF and
histopathologic parameters. For 2,3 pentanedione, all animals survived and no pulmonary effects were observed (no microscopic, BALF or cytokine effects) Nasal
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transitional epithelial hyperplasia, subacute inflammation and a dose-dependent increase in hemorrhage, necrosis, and exudate, as well as laryngeal subacute inflammation, were noted at ≥ 17.5ppm. It was previously reported that inhalation exposure to >200ppm diacetyl (6 hr/d for 5 days) caused acute necrotizing rhinitis,
erosive/necrotizing laryngitis and death. This study presents a threshold of exposure
at which the lowest dose tested, 8.8 ppm (>31 ppb STEL), failed to induce acute
necrotizing rhinitis/laryngitis.

1070

THE ROLE OF CLAUDIN 4 IN EPITHELIAL REPAIR
FOLLOWING LUNG INJURY.

K. Sutherland1, 2, M. Lafemina1, 2, T. Bentley2 and J. Frank1, 2. 1University of
California San Francisco, San Francisco, CA and 2San Francisco VA Medical Center,
San Francisco, CA.
Repair of epithelium in the lung is fundamentally important to recovery and survival in patients with acute lung injury and ARDS. Regulation of fluid balance in
the lung via paracellular pathways is managed by the Claudin family of tight junction proteins. While the involvement of claudins in regulating ion and fluid transport is apparent, other potential functions of these tight junction proteins is unclear. Previous studies have observed a marked increase in claudin 4 (cldn4) mRNA
expression in mice following ventilation induced lung injury. Similarly cldn4 levels
have been shown to be induced in a variety of epithelial injury models, not specific
only to the lung. In the current study we utilized both in vitro and in vivo models
to study the role of cldn4 in response to epithelial wounding and to delineate specific pathways critical to the unique regulation of this protein and its involvement
in epithelial repair. Naphthalene (NA), a ubiquitous environmental pollutant,
causes selective toxicity of Clara cells lining the conducting airway of mice. At 24
hrs following NA treatment, we found that mice exhibited an increase in lung permeability coupled by a 4 fold induction of cldn4 protein. Cldn4 levels returned to
control levels as lung permeability was restored following epithelial repair. The induction of cldn4 was inhibited by pretreatment of animals with an EGFR inhibitor,
indicating cldn4 acts downstream of EGF in wound repair and likely is implicated
in cellular proliferation. In our cell culture model of epithelial injury, 16HBE cells
were induced for cldn4 mRNA and protein levels along the migrating edge of cells
following scratch wounding. Early events following scratch wounding included increased tyrosine phosphorylation of cldn4. siRNA knock down of cldn4 was sufficient to inhibit wound closure rates. We conclude from these studies that cldn4 is
induced with epithelial injury and is necessary for timely epithelial repair and
restoration of barrier function in pulmonary epithelium.

1071

AN INHALATION TOXICITY TIME-COURSE
EVALUATION OF CUPROUS OXIDE IN RATS.

J. T. Weinberg1, R. Danzeisen2, C. Mackie3, D. T. Kirkpatrick1 and J. B. Nold1.
1WIL Research Laboratories, LLC, Ashland, OH, 2International Copper Assoc., New
York, NY and 3Regulatory Compliance Ltd., Loanhead, Midlothian, United
Kingdom.
For this study phase, albino rats were exposed to cuprous oxide (Cu2O) aerosols at
0 and 2.0 mg/m3 by whole-body inhalation for 1, 2, 3 or 4 weeks (5 days/week).
The objective was to evaluate possible temporal relationships between duration of
exposure and test article-related effects and whether a plateau was observed for effects. Respiratory tract pathology was emphasized with assessments including bronchoalveolar lavage fluid (BALF) evaluations, gross necropsy and organ weight evaluations and microscopic examination of selected tissues. For all parameters affected
by Cu2O exposure, the majority of the magnitude, incidence and/or severity of
change was observed within 1-2 weeks of exposure. For BALF, elevations in lactate
dehydrogenase and total protein were most pronounced after 1 week and elevations
in percent neutrophils were similar at all exposure durations. Lung weights in females and bronchial and mediastinal lymph node weights generally reached peak
effects or a plateau after 1-2 weeks of exposure. In females, higher wet and dry lung
weights were similar at all exposure durations. All test article-related microscopic
findings in the lungs were observed with maximum incidence and severity within
1-3 weeks of exposure. Alveolar histiocytosis was present after 1 week in all Cu2Oexposed animals, but increased in severity with 2 and 3 weeks of exposure. Acute
inflammation and mononuclear cell infiltrates in the lungs reached peak effects
after 1 week of exposure. Lymphoid hyperplasia of the bronchial (females) and mediastinal lymph nodes reached peak effects after 1-3 weeks of exposure. Only lung
weights in males, including wet and dry weights, and the incidence of lymphoid
hyperplasia in the bronchial lymph node in males continued to trend upward
through 4 weeks of exposure. With Cu2O exposure durations from 1-4 weeks at 2.0
mg/m3, pathology results in the lungs and lymph nodes were consistent with peak
effects or plateaus within 1-3 weeks of exposure for most findings.
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VASCULAR FUNCTION EFFECTS OF ACUTE
INHALATION OF CARBON MONOXIDE AND NITRIC
OXIDE.

J. G. Buntz, S. N. Lucas and M. Campen. Pharmaceutical Sciences, University of
New Mexico, Albuquerque, NM.
Cardiovascular disease (CVD) remains a major cause of morbidity and mortality in
the developed and developing world. Exposure to emissions from diesel and gasoline engines is widely recognized as an important risk factor for CVD. In an effort
to determine the drivers of toxicity in the complex diesel exhaust mixture, we have
examined the effects of nitric oxide (NO) and carbon monoxide (CO), two of the
primary components of diesel emissions, on vascular function in systemic arteries.
We hypothesized that exposure to these monoxide gases, at concentrations similar
to those of diesel emissions, would reproduce the negative vascular effects seen previously. Whole body rodent exposures were conducted for both NO and CO or
room air for one or four hours. CO exposure was 0, 30 and 100 ppm; NO exposure
levels were 0 and 10 ppm. Vascular rings, two per animal, were isolated immediately after exposure, mounted on a force-transduction myograph and then challenged with potassium, phenylepherine (PE) and acetylcholine (ACh). The NO exposures were conducted for one hour, preceded by N-acetylcysteine (NAC) or
vehicle supplementation (intraperitoneal injection; 200 μM/kg). Additionally, both
young (4-6 weeks) and old (4-6 months) mice underwent this one hour NO/NAC
exposure regimen. Vascular response to lower concentrations of ACh was enhanced
after CO exposures. NO inhalation did not alter the vascular responsiveness to either PE or ACh in mice or rats, although rat plasma nitrate/nitrite levels were significantly elevated after NO exposure. NAC supplementation did not produce the
enhanced plasma NOx levels previously seen with diesel emissions exposures. Old
mice had a noticeable decrease in vascular responsiveness overall, but showed no
differences related to NO exposure. These results suggest that in a healthy animal
model exposure to CO or NO alone, at levels reflecting concentrations found in
whole diesel emissions, do not have deleterious effects on systemic vascular reactivity

1073

ALTERATIONS IN NEURAL TELOMERE SYSTEM
FOLLOWING CHRONIC INHALATION EXPOSURE TO
COAL COMBUSTION.

E. S. Colombo1, M. L. Paffett2, J. D. McDonald3, M. D. Reed3, J. Mauderly3,
J. Griffith1, K. Trujillo1 and M. Campen2. 1School of Medicine, University of New
Mexico, Albuquerque, NM, 2Pharmaceutical Sciences, University of New Mexico,
Albuquerque, NM and 3Toxicology, Lovelace Respiratory Research Institute,
Albuquerque, NM.
Air pollution exposure is associated with premature mortality due to heart and lung
disease, an observation that has been well characterized epidemiologically. Recent
studies indicate a reduction in life expectancy related to particulate matter (PM)
levels, suggesting that the US population loses more than 7 months of life span for
every 10 μg/m3 of PM2.5. Additionally, telomere length in peripheral blood cells
has been found to be shorter in association with high pollution regions. Together
these observations suggest that air pollution may contribute to premature cellular
aging. In this study, we hypothesized that chronic exposure to a Simulated
Downwind Coal Combustion Atmosphere (SDCCA) would result in decreased
telomere length and increased apoptosis in brain cortex. Brain tissue from rats exposed daily for 6 months to low (100 μg PM/m3), medium (300 μg PM/m3), high
(1000 μg PM/m3), PM-filtered high and control (room air) coal combustion atmospheres were assayed for alterations to the telomere system. mRNA expression of
TERT was reduced by 70% (p≤0.05) in the cortex of female rats exposed to high
levels of SDCCA compared to both control animals and male rats. This reduction
was partially ameliorated in female animals exposed to PM-filtered high SDCCA,
which had a 29% reduction in TERT mRNA expression compared to control animals. Males showed a more modest reduction in TERT (45% decrease) that was
also restored with the filtration of PM. TRF2 mRNA, but not TRF1, also showed
slight reductions with increasing concentrations of SDCCA. Reductions in telomere length, measured via slot blot assay, mirrored results from TERT gene expression, with a linear decrease in telomere length at high SDCCA exposure levels.
Together, these results support the hypothesis that chronic exposure to air pollution
accelerates the aging phenotype in the brains from female rats.
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THE EFFECTS OF COPPER PYRITHIONE ON
DEVELOPING ZEBRA FISH EMBRYOS.

K. M. Almond and L. D. Trombetta. Pharmaceutical Sciences, St. John’s University,
Queens, NY.
Copper pyrithione, an active component in antifouling biocides predominantly
found in marine paints, has been shown to cause anomalies during early development of mummichogs (Fundulus heteroclitus). Since a strict regulatory use of organ-

otins as antifouling agents has been imposed, a frequent substitute within the
Japanese market has been the use of metal pyrithiones, principally zinc and copper.
Zebrafish (Danio rerio) embryos were exposed within the first hour after fertilization to increasing concentrations of copper pyrithione (2, 4, 8, 12, 16, 32 and 64
μg/L) for 24 hours. Morphological abnormalities at 30, 60, and 120 hours post fertilization were recorded. Hatchability was measured every 12 hours for 5 days.
Following the 24 hour exposure, results showed morphological abnormalities, particularly of the notochord at concentrations of 12 μg/L and higher when compared
to controls. Notochords were severely twisted as concentrations increased.
Distortions of the notochord began in the caudal region and proceeded rostrally.
Edema was observed in the cardiac and yolk sac regions at the 12 and 16 μg/L concentrations. Hatching rate also decreased in a dose dependent manner. At 120
hours post fertilization, 47 percent of embryos hatched, while all of the controls
hatched by 96 hours post fertilization. Copper accumulated in whole embryo tissues and was significantly different in 32 and 64 μg/L CuPT treatment groups as
compared to controls. Lipid peroxidation was also significantly increased in animals
exposed to 32 and 64 μg/L of copper pyrithione. These results demonstrate that oxidative stress plays a partial role in the observed toxicity. Copper pyrithione has
shown to be toxic to zebrafish at concentrations of 12 μg/L or greater. The abnormalities and deformities observed in fish larvae would significantly decrease survival
in non-controlled environments.
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DIFFERENCES IN UPTAKE, METABOLISM, AND
CLEARANCE OF ATRAZINE AND TAMOXIFEN IN A
FISH AND A RAT SPECIES.

L. J. Mills1, S. Jayaraman1, M. M. Simoneau1, R. E. Gutjahr-Gobell1, G. E.
Zaroogian1, B. W. Riffle2 and S. C. Laws2. 1Atlantic Ecology Division, US EPA,
Narragansett, RI and 2Toxicology Assessment Division, US EPA, Research Triangle
Park, NC.
Atrazine and tamoxifen are known endocrine-disrupting chemicals (EDCs) that
have metabolites exhibiting biological activities that are equally or more potent
than the parent compound. To evaluate if uptake, metabolism and clearance of such
EDCs is a concern in interspecies extrapolation, plasma concentrations of these
chemicals and major metabolites were compared over time in fish and rats treated
with a single oral dose of atrazine (50 mg/kg) or tamoxifen (25 mg/kg). For
atrazine, plasma samples were collected 0.25, 0.5, 1, 3, 24, 72, and 120 hours after
gavage. Atrazine and metabolites were quantified using GC/MS. Atrazine was detected in rat and fish plasma within minutes, indicating rapid uptake in both
species. Rats metabolized atrazine quickly; metabolites were present at much higher
concentrations than atrazine at all time points and concentration of the metabolite
diaminochlorotriazine (DACT) in rat plasma was 30 times that in fish at 3 hours.
In fish, atrazine was metabolized more slowly; at 3 hours, atrazine predominated in
fish plasma at concentrations over 100 times that in rat plasma. By 120 hours, only
DACT was still detectable in both rats and fish. For tamoxifen, animals were sampled 1, 4, 8, 16, 20, 24, 48 and 72 hours post-dosing. Tamoxifen and metabolites
in plasma were quantified using HPLC. Peak plasma concentrations of tamoxifen
(about 600 ng/ml) were observed at 1 hour in fish and at 4 hours in rats, indicating
a slightly faster uptake in fish. From 4 hours forward, tamoxifen and metabolite 4hydroxytamoxifen dominated in fish plasma, both at similar concentrations at each
time point. In rat plasma, from 16 hours forward, tamoxifen and metabolite Ndesmethyltamoxifen were prevalent, again at similar concentrations. These results
indicate uptake and metabolism of environmental EDCs by different species can
vary substantially and could be a significant issue when extrapolating effects across
species.

1076

TOXICITY OF LEGACY AND REPLACEMENT FLAMERETARDANT CHEMICALS ON DAPHNIA MAGNA.

L. D. Scanlan, E. Lachenauer, X. Lin and C. Vulpe. University of California
Berkeley, Berkeley, CA.
Chemical flame-retardants (FRs) have been added to consumer products and used
extensively in California since the 1970s. Since the FRs are not covalently bonded
to materials in which they are added, they leach into the environment and end up
in animals such as humans and marine mammals. However, very little data exists
about the toxicity of flame-retardants in environmentally relevant organisms that
occupy the lower ranks of the food web, such as Daphnia magna. In this work, we
determined the acute 48-hour toxicity of flame-retardants to neonate D. magna.
Flame-retardants tested include banned legacy chemical pentabromodiphenyl ether
(penta-BDE), related octa- and deca- BDE, and penta-PDE’s replacement formulation Firemaster550 (FM550). We also tested FM550 components tetra-bromo phthalate (TBPH), triphenyl phosphate (TPP), and Firemaster BZ-54, which is a
mixture of TBPH and tetra-bromo benzoate (TBB). We found that FM550 has a
higher acute LC50 to D. magna than its predecessor, penta-BDE. We also performed

microarray gene-expression studies on adult daphnids at 1/10LC50, and found that
exposure to each chemical elicited a unique genomic response in the daphnids. It is
therefore possible that these chemicals with very low water solubility could be acting via unique modes of toxicity instead of by a purely narcotic toxic effect.
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ANXIOLYTIC EFFECTS OF FLUOXETINE ON THE
STARTLE RESPONSE AND EXPLORATORY BEHAVIOR
OF THE ZEBRAFISH.

K. Thornton1, T. Gallagher1, 2, R. Locker2 and M. A. Connaughton1. 1Biology,
Washington College, Chestertown, MD and 2Chemistry, Washington College,
Chestertown, MD. Sponsor: M. Reynolds.
Pharmaceuticals, including the antidepressant fluoxetine (Prozac) are released in
waste-water effluent and are present in measureable quantities in effluent-impacted
streams. Environmental exposure to pharmaceuticals may produce subtle aberrant
behaviors that could impact the survival of affected individuals and populations.
Fluoxetine, a selective serotonin reuptake inhibitor, is an anxiolytic and has been
linked to decreases in social aggression, reproductive success and C-start (startle)
behaviors in several fish species. Startle responses in fish vary, but often include
changes in swimming velocity as the fish freeze or flee and decreased exploratory
behavior. This study examines the effects of fluoxetine on the startle response and
exploratory behavior of individual zebrafish following an acoustic/vibrational stimulus. Fish were exposed in tank water at an environmentally relevant low dose 0.1
ug/L or a high dose of 1.0 ug/L for 1 week or were injected with a pharmacological
dose via IP microinjection at 10 ug/g body weight. The movement of individual
fish in a 10 L tank digitally divided into 4 zones was tracked by computer
(Ethovision ver. 3.0) for 2 min. prior to and 2 min. following a startle stimulus (ball
pendulum). Swimming velocities were used to assess baseline-swimming behavior
and startle responses, while frequency of crossings between and total duration of
time spent in each zone were used to assess exploratory behavior. Under the influence of fluoxetine, zebrafish showed a decrease in acute startle response intensity,
decreased baseline-swimming velocity, more rapid recovery from startle behaviors
and increased exploratory behavior. Such anxiolytic effects in the wild might increase the likelihood of a fish encountering a predator and decrease its likelihood of
surviving an attack. Environmental and injection protocols produced disparate results, suggesting that acute treatments by injection might not be an accurate way to
model environmental effects of pharmaceuticals on fish in the wild.
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FISH TISSUE LEVELS OF FIVE METALS ASSOCIATED
WITH CRUDE OIL FROM THE DEEP HORIZON WELL.

A. C. Nichols and D. A. Steffy. Physical and Earth Sciences, Jacksonville State
University, Jacksonville, AL.
Scad mackerel, TRACHURUS LATHAMI, were collected from the northern Gulf
of Mexico as part of the 2010 NOAA Pelagic Trawl Survey. Fish tissues were analyzed by ICP for five metals associated with crude oil from the BP Deep Horizon
Well. On samples analyzed to date, nickel concentrations ranged from 1.67 micrograms of metal per gram of tissue (ug/g) to 0.80 ug/g. Vanadium levels ranged from
0.86 to none detected. For chromium, lead and thallium, the high values were
0.40, 0.63 and 1.30 ug/g respectively. Low values for each of these metals were
none detected. Metal concentrations in these fish varied with sampling locations
across the northern Gulf of Mexico.
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APPLICATION OF EASILY-SYNTHESIZED INTERNAL
STANDARDS FOR RAPID QUANTITATIVE ANALYSIS
OF CYANOBACTERIAL BLOOMS FOR HEPATOTOXIC
MICROCYSTINS BY MATRIX-ASSISTED LASER
DESORPTION IONIZATION MASS SPECTROMETRY
(MALDI-MS).

A. F. Roegner1, B. Puschner1, M. Pirez2, B. Brena2 and G. Gonzalez-Sapienza2.
1Dept of Mol Biosciences, UC Davis, Davis, CA and 2Fac de Química, UdeLaR,
Montevideo, Uruguay.
The ubiquitous freshwater cyanotoxins, microcystins, (MCs), pose a global public
health threat with potent acute hepatotoxicity, persistence in drinking and recreational water, and potential chronic and neurotoxic effects. Over 80 congeners have
been identified worldwide, yet most risk assessment and monitoring rely on one
congener (MC-LR). To achieve sensitivity to recommended World Health
Organization (WHO) guideline of 1 μg/L, analytical methods require substantial
sample processing and concentration, resulting in undesirable time lags during
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bloom outbreaks. While existing ELISAs demonstrate variable congener detection,
HPLC-MS requires individual standards and skilled technicians. In contrast,
MALDI-MS requires little sample, short analysis time and demonstrates remarkably reduced matrix interference in raw samples; the major limitation for quantitative application to surface water has been lack of an internal standard with similar
crystallization and desorption properties. (S-hydroxyethyl–Cys(7))-MC- LR and RR internal standards (IS) were synthesized within minutes from commercially
available MCs at room temperature. Standard curves and limit of quantification
(LOQs) were determined for spiked MC –LR, -RR and -YR. Quantitative analysis
of MCs in raw surface water with IS was compared with ELISA and HPLC. Linear
standard curves were reproduced across several orders of magnitude. Using the ratio
of peak intensity of analyte to IS, LOQs were 5 μg/L, permitting quantification
below the WHO limit after a 20-fold concentration. Limits of detection were consistently well below 0.1 μg/L. Eighty six to 94% of MC-LR was recovered from
spiked raw waters. The minimal processing and concentration, easy synthesis of IS
and ability to determine across concentrations of hydrophilic congeners will drastically reduce time needed to provide an estimate of total toxin concentration and
congener-specific risk.
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LOW-LEVEL KETOCONAZOLE INCREASES
ESTROGENIC POTENTIAL OF IBUPROFEN IN H295R
CELL LINE AND ORYZIAS LATIPES.

K. Ji, K. Kwak and K. Choi. School of Public Health, Seoul National University,
Seoul, Republic of Korea. Sponsor: S. Kim.
Most of toxicity tests were made on individual chemicals, while pharmaceuticals
found in the aquatic environment usually occur as mixtures. In the present study,
we hypothesized that ibuprofen metabolism might be decreased due to CYP2C9
inhibition by low level ketoconazole exposure, leading to increase of estrogenic potential of ibuprofen exposure. After 48 hr exposure to 0.02-20 mg/L of ibuprofen
alone or in combination with 5 ng/L of ketoconazole in the human adrenocortical
carcinoma (H295R) cell line, the production of 17β-estradiol (E2) and testosterone
(T), the activity of aromatase, and the mRNA expression of steroidogenic genes and
CYP2C9 gene were measured. In addition, concentrations of E2 and T in blood
plasma, and the mRNA expression of steroidogenic genes were determined in male
medaka fish after 14 d exposure to ibuprofen alone (0.02 and 0.2 mg/L) or in combination with 10 μg/L of ketoconazole. Ibuprofen alone exposure increased E2 production, and enhanced both aromatase activity and expression of CYP11β2 mRNA
in the cells. When 5 ng/L of ketoconazole was added, the extent of increase in E2
production, aromatase activity, and expression of CYP11β2 mRNA became greater.
In medaka fish, while ibuprofen exposure at 0.2 mg/L did not cause any significant
effects on E2 concentration compared to that of control, co-exposure to ketoconazole cause significant increase of E2 concentration. In addition, a combined exposure to ibuprofen and ketoconazole resulted in an elevated expression of CYP17
and CYP19β mRNAs in male medaka, compared to ibuprofen only exposure. The
results of present study indicate that non-effective concentrations of ketoconazole
can increase the potential for endocrine disrupting effects of ibuprofen exposure.
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REPRODUCTIVE AND DEVELOPMENTAL EFFECTS
FROM METHYLMERCURY EXPOSURE ON FOUR
SUCCESSIVE BREEDING ROUNDS IN HOMING
PIGEONS (COLUMBA LIVIA).

J. K. Moye, C. R. Perez and C. Pritsos. Agriculture, Nutrition and Veterinary
Sciences, University of Nevada, Reno, NV.
Mercury is a heavy metal that has become a common contaminant in ecosystems
throughout the world. An extensive number of studies have detailed bioaccumulation, and effects on birds have revealed the potential for mercury to adversely impact avian physiology and reproduction. However, impairment has generally been
from exposure to levels higher than those considered environmentally relevant.
Little work has been conducted on low-level exposure effects; those that may lead to
negative effects upon populations and contribute to other subtle behavioral anomalies. This study was designed to investigate the impact of sub-lethal exposures to
methylmercury on breeding homing pigeons (Columba livia) and assess reproductive and developmental effects upon offspring produced from sequential rounds of
breeding. Homing pigeons were chosen to serve as a surrogate for avian species.
Breeding pigeons as well as offspring produced were exposed to 7.0 mg/L
methylmercury via the drinking water, and a number of reproductive and developmental parameters were assessed over the course of four successive breeding rounds.
Fertility, survival, and reproductive success were reduced in the exposed group for
all four rounds while rates in controls remained at or near 100 percent. Significant
differences were also apparent when comparing days between clutches of exposed
and control breeding pairs. Increases in days to fledge occurred in the exposed off-
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spring and escalated from each round to the next. Chick weights were collected
from hatching through 7 weeks of age, but resulted in no apparent differences between treatment groups. Results suggest that prolonged, sub-lethal exposure may
have detrimental effects on reproduction and development and may be heightened
through successive breeding rounds in avian species. These studies were funded in
part by the USGS and the Nevada Agricultural Experiment Station.
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CLINICO–HEMATOLOGICAL RESPONSE TO
EXPERIMENTAL INFECTION OF ESCHERICHIA COLI
O157:H7 IN CLARIAS GARIEPINUS.

F. Ajani1 and V. O. Adetunji2. 1Animal Science & Fisheries Management, Bowen
University-Iwo, Iwo, Osun, Nigeria and 2Veterinary Public Health & Preventive
Medicine, University of lbadan, lbadan, Oyo, Nigeria.
African catfish, Clarias gariepinus is one of the most suitable species for aquaculture
in Africa. Information on pathogenesis of E. coli O157:H7 infection is scarce. This
study therefore aims at elucidating information on pathogenesis and hematological
response of C.gariepinus experimentally infected with E.coli.This is with the hope
of giving a baseline information for possible production of a vaccine against E.coli.
Hundred clinically healthy C.gariepinus of body weight 110+3.0g were acclimatized for 2weeks. 102,104 and 106 cfu of E.coli were inoculated intraperitoneally
into the test fish. Clinical signs and gross changes were observed throughout the experiment. Trend in bacteriological, hematological and plasma biochemical parameters were also observed using standard methods. Data generated were analysed
using SAS package. The fish became lethargic and disoriented in swimming in the
first 24hours. No significant differences were observed in PCV, Hb, RBC, platelet,
lymphocyte, neutrophils, eosinophils, total protein and albumin at 48hours.
Significantly high WBC, globulin and monocyte counts were observed at 48hours
in fish exposed to 106cfu of E.coli. The significant increase at 48 and 96hours observed in enzymes AST, ALT and ALP suggest liver damage. Significant decrease in
WBC and platelet counts at 96 and 168hours suggests immune response to E.coli.
At 336hours, further decrease was observed in platelets compared to the control.
PCV and Hb dropped significantly from 168hours to 504hours but the reverse ensued in globulin and ALP when compared to control. At 336hours, a significant decrease was observed in AST, ALT and ALP. E.coli counts in log10cfu/g were
5.079(72hr), 4.4(216hr) and 2.372(control). Although total protein was not affected at acute and chronic exposure to E.coli, the general physiology of the fish was
adversely affected even at 102, this implies that C.gariepinus has a strong immune
response which should be further investigated.
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US EPA ECOLOGICAL STRUCTURE-ACTIVITY
RELATIONSHIP (ECOSAR) MODEL—VERSION 1.1
RELEASE.

K. Mayo-Bean2 and K. Moran1. 1SRC, Arlington, VA and 2OCSPP/OPPT/RAD,
US EPA, Washington, DC. Sponsor: L. Scarano.
The US EPA Office of Pollution Prevention and Toxics (OPPT) is responsible for
implementing the Toxic Substances Control Act (TSCA). TSCA is the US law that
regulates industrial chemicals in the US and OPPT evaluates both new chemicals
entering commerce, as well as those chemicals that have been in existence for some
time. In evaluating new and existing chemicals over the past 35+ years, OPPT has
developed a strong knowledge base in structure-activity relationships (SARs). The
Ecological Structure Activity Relationships (ECOSAR) Class Program is a computerized predictive system that estimates aquatic toxicity. The program estimates a
chemical’s acute (short-term) toxicity and chronic (long-term or delayed) toxicity to
aquatic organisms based on their structural similarity to chemicals for which
aquatic studies are available. Equations are available for fish, invertebrates and
aquatic plants along with some terrestrial and marine organisms, where data were
available. This poster highlights the new features of the ECOSAR v1.1 model
which was released in September 2011 and is posted on the EPA website for free
download. The new model includes expanded datasets, an enhanced user interface,
and now contains ECOSAR class definition documents describing the boundaries
of the class and training set chemicals which was previously not available. Through
publication of the ECOSAR model, the US EPA provides public access to the same
methods the EPA uses for evaluating aquatic toxicity of new industrial chemicals.
These tools can be used by the public to prescreen new substances for environmental impacts and to inform R&D decision making. It can also be applied to prioritize
existing chemical inventories to focus testing or identify greener alternatives.
Disclaimer: This abstract represents the views of the authors and not necessarily the
official position of the US EPA.
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ORGANOCHLORINE PESTICIDES AND PARASITES IN
THE LISA (MUGIL INCILIS) COLLECTED IN THE BAY
OF CARTAGENA, COLOMBIA, SOUTH AMERICA.

B. E. Jaramillo-Colorado1, B. J. Arroyo-Salgado2 and L. C. Ruiz-Garcés3.
1Chemistry Program, Agrochemical Research Group, Faculty of Exact and Natural
Sciences, University of Cartagena, Cartagena, Bolivar, Colombia, 2Faculty of
Medicine, University of Cartagena, Cartagena, Bolivar, Colombia and 3Master in
Microbiology, Faculty of Medicine, University of Cartagena, Cartagena, Bolivar,
Colombia.
Anisakiasis is a zoonotic disease caused by parasites in fish provoked by larval stages
of nematodes of the genus Anisakides, those can be present in people living in
countries where fish is consumed raw or undercooked. Mugil incilis was collected
in the Bay of Cartagena, Colombia to investigate the possible influence of
organochlorine pesticides in the histological changes of the liver, the spleen and existence of parasites in fish. The presence of organochlorine compounds were determined using the technique of headspace-solid phase microextraction (HS-SPME),
showing amounts of organochlorine compounds in the muscle of M. incilis as are
the β-BHC, γ-BHC, heptachlor, aldrin, endosulfan, 4, 4’-DDE and dieldrin,
among others, indicating that the fauna of the Bay of Cartagena is exposed to these
pollutants. Samples of liver and spleen were fixed, processed and embedded in
paraffin. The most important changes in the liver and spleen were the presence of
melanomacrophages and granulomas. Some morphological damage in the liver of
M. incilis was associated with the bioaccumulation of organochlorine compounds.
Parasite abundance was discriminated as Anisakis sp (1.6%), Pseudoterranova sp
(25.3%), and Contracaecum sp., (57.8%). Were found other parasites such as
trematodes (15.3%) of genus Ascocothyle longa. There was no significant correlation between parasites and organochlorines. This study is the first in to correlate the
presence of organochlorine compounds and histological damage in liver, spleen and
the presence of parasites in fish from the Bay of Cartagena, Bolivar, Colombia.
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TOXICOLOGICAL EVALUATION STRATEGY PAIR OF
COMPLEX MIXTURES BY ALTERNATIVE METHODS.

E. de la Peña3, A. Pillco1 and M. Hazen2. 1Environmental Mutagenesis, Spanish
Research Council, CSIC c/Serrano 115 dpdo, Madrid, Spain, 2Environmental
Mutagenesis, Spanish Research Council, Madrid, Madrid, Spain and 3Biology,
Universidad Autónoma de Madrid, Madrid, Madrid, Spain. Sponsor: G. Font.
The toxicological evaluation of complex mixtures (CM) has gained great interest
since it has been shown that the toxicological effects of single substances vary when
they are in mixtures. Evaluate the toxic effect of MC is important because of the potential danger to humans and the environment. The sludge from sewage treatment
plants are MC wastewater in recent years are being used as agricultural amendments
are also being recovered by chemical and physical processes to obtain products with
high energy capacity. The aim of this paper is to propose a testing strategy to evaluate the toxicity of extracts of sludge used in agriculture and the resulting values derived from sludge, using alternative methods to animal testing. Ecotoxicity testing
of bioluminescence in Vibrio fischeri (Sample1) and germination in seeds of
Lepidium sativum (Sample 2), to evaluate the genotoxicity test is used
Salmonella/microsome (Sample 3) using strains TA98, TA100, TA102 and TA104,
and testing of somatic mutation and recombination in Drosophila melanogaster
(Sample 4). The protocol followed is the one that uses the standard and high bioactivation crosses.The alternative methods show that a simple strategy are fast, inexpensive, and sensitive to evaluate MC. In conclusion, alternative methods allow us
to demonstrate the existence of ecotoxic, mutagenic and genotoxic risk caused by
MC used in both agriculture and energy recovery.
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SYNTHETIC ANALOGS OF OKADAIC ACID AND
OTHER DSP TOXINS ELUCIDATE PHOSPHATASE
STRUCTURE-ACTIVITY RELATIONSHIPS.

M. Twiner1, Y. Pang2, C. Fang2, C. O. Miles3 and C. J. Forsyth2. 1Natural
Sciences, University of Michigan, Dearborn, MI, 2Chemistry, Ohio State University,
Columbus, OH and 3Norwegian Veterinary Institute, Oslo, Norway.
Okadaic acid (OA) and the closely related dinophysistoxins (DTXs) are polyether
toxins produced by dinoflagellate species of the genera Dinophysis and
Prorocentrum. These algal toxins, collectively called the diarrhetic shellfish poisons
(DSPs), accumulate in shellfish and are known tumor promoters and inhibitors of
serine/threonine protein phosphatases (ser/thr PPs). PPs are extremely important
modulators of enzyme activity and cell signaling pathways. Although the interactions between the OA/DTX toxins and phosphatases are poorly understood it is
currently believed that there are two important molecular recognition sites – a
bimetallic well that accommodates the carboxylate-bearing C3-C12 spiroketal of

OA/DTX, and a distal hydrophobic groove that hosts the terminal C30-C38
spiroketal. Through the use of naturally isolated OA, DTX1, and DTX2 that vary
in methylation about the terminal C30-C38 spiroketal region, in addition to a synthetic OA/DTX analog that varies in stereochemistry and functionalization about
the C3-C12 spiroketal, we are able to assess DSP-PP structure-activity relationships. Phosphatase activity assays have shown that OA and DTX2 potently inhibit
PP2a and PP1 with slight differences in potency (OA > DTX2) related to C31 and
C35 methylation. Respective IC50 values (nM) for PP2A are 0.47 and 0.99, and
for PP1 are 25.2 and 76.4. On the other hand, strategically designed synthetic 2epi-DTX2 (a C2 stereoisomer) indicate a 1 to 2 orders of magnitude reduction in
potency towards both PPs (IC50 values (nM) of 137 and 3114 for PP2a and PP1;
respectively) further corroborating modeling studies that suggest the C1-C13 head
region of the molecule is the primary pharmacophore for both PPs and that PP2a is
differentially sensitive to C2 molecular modification. These data continue to facilitate molecular modeling efforts and development of “minimal pharmacophores” for
highly selective phosphatase inhibition.
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TRANSACTIVATION POTENCIES OF COMMON
CORMORANT (PHALACROCORAX CARBO) AHR1 AND
AHR2 BY DIOXINS AND RELATED COMPOUNDS: AN
ALTERNATIVE APPROACH TO WILDLIFE TESTING
FOR TOXICOLOGICAL RESEARCH.

L. Thuruthippallil1, E. Kim2 and H. Iwata1. 1Center for Marine Environmental
Studies (CMES), Ehime University, Matsuyama, Ehime, Japan and 2Department of
Life and Nano Pharmaceutical Science and Department of Biology, Kyung Hee
University, Seoul, Republic of Korea.
Aryl hydrocarbon receptor (AHR) plays a profound role in the induction of cytochrome P450 1A (CYP1A) and dioxin toxicity.Our previous studies detected a
significant positive correlation between accumulated levels of dioxins and related
compounds (DRCs) with CYP1A expression levels in the liver of common cormorants (Phalacrocorax carbo) from Lake Biwa, Japan. This suggests that cormorant
AHR is activated by the accumulation of DRCs. Since legal and ethical concerns
preclude the direct testing of DRCs in wild animals, the risk of DRCs has not been
well assessed in wild populations. We have cloned two AHRs from the common
cormorant (ccAHR1 and ccAHR2). To evaluate the species-specific responses to
DRCs in cormorant, this study investigated the transactivation potencies of
ccAHR1 and ccAHR2 by graded concentrations of individual DRCs including
polychlorinated dibenzo-p-dioxins (PCDDs), furans (PCDFs) and coplanar PCBs
(Co-PCBs) in COS-7 cells, where ccAHR1 or AHR2 expression plasmid and a luciferase reporter plasmid containing cormorant CYP1A5 promoter/enhancer were
transiently transfected. For the congeners that exhibited ccAHR-mediated dose-dependent activities, 50% effective concentrations (EC50s), and 2, 3, 7, 8-tetrachlorinated dibenzo-p-dioxin (TCDD) relative potencies (REPs) were estimated. Based
on the REPs, TCDD induction equivalency factors (IEFs) were determined.
Results indicated that ccAHR1 has more transactivation efficacies for most of the
tested DRC congeners than ccAHR2. Cormorant IEFs obtained from this study
showed that TCDD may not be the most potent congener for ccAHR1 and
ccAHR2. According to the TCDD-EC50 obtained, ccAHR1 seems to be less sensitive to TCDD than AHR1 of other avian species. This study suggests that our in
vitro approach may be a useful alternative to wildlife testing in toxicological researches.
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BINDING AND TRANSACTIVATION OF THE
LARGEMOUTH BASS ESTROGEN RECEPTORS BY
MODEL COMPOUNDS.

R. E. Weil1, P. Hartig2, M. Cardon2, V. Wilson2, C. Martyniuk3, C. Lavelle1,
D. Barber1 and N. Denslow1. 1University of Florida, Gainsville, FL, 2US EPA,
ORD, NHEERL, TAD, RTB, Research Triangle Park, NC and 3University of New
Brunswick, St. John, NB, Canada.
Environmental estrogens (EEs) are chemicals in the environment that can elicit adverse effects on estrogen (E2) signaling through binding with the estrogen receptors
(ERs). In largemouth bass (LMB), the physiological actions of E2 are primarily mediated via three receptors (ERα, ERβb and ERβa). First we used binding and transfection assays to test the ability of the LMB ERs to bind and respond to 4,4’,4’’-(4propyl-[1H]-pyrazole-1,3,5-triyl)trisphenol (PPT) a mammalian ERα specific
agonist, 2,3-bis(4-hydroxyphenyl)-propionitrile (DPN), a mammalian ERβ specific agonist, bisphenol A (BPA), pp’-DDE, and dieldrin (model EEs). Our data
shows that PPT and DPN were not isoform-specific agonists for the LMB ERs. E2
binds and activates the LMB ERs similarly, whereas differences were observed in
the binding and activation of the receptors by the xenoestrogens. In the binding
assay, dieldrin was not able to fully displace E2 from ERβb, and in the transfection
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assays it acted as a weak partial agonist of the LMB ERβs, and a full agonist of ERα.
Second, we determined the effects of the EEs on ER regulated LMB genes using an
in vitro liver slice assay. Liver slices from male LMB were exposed for 48 h to E2 (01 μM), pp’-DDE (0-100 μM), BPA (0-100 μM) and dieldrin (0-100 μM).
Induction of ERα, vitellogenin (VTG) and zona radiata proteins (ZRP) mRNA
were used as biomarkers of exposure to EEs. A significant induction of VTG, ERα
and ZRP was observed with exposure to E2, pp’-DDE and BPA. Dieldrin did not
up-regulate ERα, VTG or ZRP mRNA. Moreover, two month dietary exposure of
male LMB to 2.8 mg/kg body weight dieldrin appeared to inhibit the E2-mediated
induction of ERα, VTG and ZRP mRNA by E2, pp’-DDE and BPA in liver slices.
Taken together, these in vitro assays can be useful tools to screen the relative potency and efficacy of EEs for fish receptors, as well as effects on ER regulated genes.
This research may not reflect EPA Policy.
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DIPHALLIA IN PLICOPURPURA PANSA (MOLLUSCA:
NEOGASTROPODA) FEMALES EXPOSED TO
TRIBUTYLTIN CHLORIDE.

D. Domínguez1, I. Medina Díaz1, A. Patrón Soberano2, A. Rojas García1, J.
Nieto Navarro3, V. Jesús Bernardino1 and M. Robledo Marenco1. 1Laboratorio de
Contaminación y Toxicología Ambiental, Universidad Autónoma de Nayarit, Tepic,
Nayarit, Mexico, 2Instituto de Fisiología de la Unam, Universidad Nacional
Autónoma de México, DF, DF, Mexico and 3Escuela Nacional de Ingeniería Pesquera,
Universidad Autónoma de Nayarit, Tepic, Nayarit, Mexico.
Imposex is characterized by the development of male features, such as the penis and
vas deferens, in female prosobranch gastropods and could be caused by organotin
compounds. In this study, we experimentally tested the potential to induce imposex
by tributyltin chloride (TBTCl) on Plicopurpura pansa. Twenty females with similar size, without imposex, were collected from Olas Altas, Sinaloa, Mexico and were
divided in two groups: one group was treated with TBTCl (10 μg Sn/L), and the
other was used as a control. Each group was kept in 8-L glass beakers with artificial
sea water for eight months and was fed every three days with squid bits. Organisms
were searched monthly for imposex using stereomicroscopy. Among the exposed females, three presented imposex after two months: two developed a 1-mm long
pseudopenis and the other showed three small warts (0.1 mm). Three months later,
the pseudopenis of one imposexed female showed a spiral form, similarly to male
penis but shorter (2-mm length). At the end of the experiment, this spiral-like
pseudopenis became double with 2-mm length each. The warts of the imposexed
female increased in number to five but not in length. As far as we know, this is the
first record of biphallia in an imposexed female of Plicopurpura pansa caused by
tributyltin chloride experimentally.
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EFFECTS OF PARENTAL AND DIRECT
METHYLMERCURY EXPOSURE ON FLIGHT ACTIVITY
IN YOUNG HOMING PIGEONS (COLUMBA LIVIA).

J. K. Moye, C. R. Perez and C. Pritsos. Agriculture, Nutrition and Veterinary
Sciences, University of Nevada, Reno, NV.
Mercury is one of the most common metals found in contaminated ecosystems. It
occurs naturally, but high levels found in contaminated areas derive from human
use practices. Among the most vulnerable species to exposure are birds that live,
nest, or feed in or near these contaminated ecosystems. Conventional avian toxicology models have shown impairment of cognitive skills from exposure to levels
higher than those generally considered environmentally relevant, but little work has
been conducted on low-level exposure effects. Because of the known neurological
effects of mercury on birds, it is hypothesized that effects upon migratory ability
would be evident after exposure to low levels of this metal, and effects may be exacerbated in young birds. Difficulties in following mercury exposed birds once they
migrate away from contaminated areas have left investigators with insufficient data
to establish exposure levels causing injury of migratory species due to migration disruption. With the understanding that compromised flying efficiency and migratory
orientation may lead to negative effects on migratory bird species, homing pigeons
(Columba livia) were chosen as the test species. Breeding pigeons were exposed to
~1.0 mg/kg/day methylmercury via the drinking water, and first round offspring
were trained to home after fledging, while also continually exposed to methylmercury. The young pigeons were released individually for three flights, and flight
times were assessed and compared to control young pigeon flight times from 3.5, 9,
21, 53, 65, and 98 air miles as well as two individual flights at ~50 air miles from
multiple directions. Results indicate that methylmercury exposed birds exhibit
slower flight times than controls during the initial flight, and generally improve on
successive flights at each distance and direction. This may suggest orientation impairment and allude to migration disruption in migratory species. These studies
were funded in part by USGS and the Nevada Agricultural Experiment Station.
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EFFECT OF DEEP HORIZON LIGHT CRUDE OIL
EMULSION WITH AND WITHOUT THE DISPERSANT,
COREXIT, ON EARLY FISH DEVELOPMENT.

K. Kleinow1, A. Bui1, L. Thibodeaux2, R. Xiao1, A. Penn1 and S. Fritz Kleinow1. 1Comparative Biomedical Sciences, Louisiana State University, Baton
Rouge, LA and 2Chemical Engineering, Louisiana State University, Baton Rouge, LA.
Louisiana light crude oil released into the Gulf of Mexico by the Deep Horizon
(DH) incident underwent significant alterations by remediation attempts and
weathering processes before reaching coastal marshes. These studies examined the
effect of DH oil emulsions and Corexit dispersant concentrations alone and in
combination upon development of fish embryos. Corexit alone at 0.0, 0.3, 3.0 and
100.0 mg/L did not alter the incidence of abnormalities or death in zebrafish (ZF)
embryos exposed through 8 days of development (near completion of organogenesis). Direct contact exposure of ZF embryos to DH emulsions “buttered” on a contact surface of 16cm2 (250mg) resulted in a high incidence of edema/axial deformities and subsequent mortality (40-90%) over a range of Corexit concentrations
of 0, 0.3, 3.0 and 100mg/L. Only the 100 mg/l Corexit treatment with emulsion
resulted in a synergistic effect. Non-contact water exposures to emulsion (250 mg)
resulted in axial changes alone and mortalities < 10% throughout the 0.0 to 100
mg/L Corexit concentration range. Emulsion exposures of ZF during different developmental intervals indicate that early exposure (0-48hrs) is more inclined to affect genes involved in neurological system processes, visual perception, and response to abiotic stimuli while late exposure (48-96hrs) triggered genes associated
with responses to a stimulus, especially a chemical stimulus. Exposure and developmental data suggest that an emulsified light crude effectively presents hazardous
compounds to fish embryos under direct exposure conditions present in coastal
marshes. Corexit had little effect on the developmental toxicity of oil emulsions except at the highest concentrations.
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RELATIONSHIPS BETWEEN CYTOCHROME P450
ACTIVITY AND EXPRESSION AND ALLELOCHEMICAL
TOXICITY IN BUTTERFLYFISH (CHAETODON SPP.) OF
DIFFERING FEEDING STRATEGIES.

A. Maldonado1, R. Lavado1, D. Schlenk1, S. Knutson2, G. Ostrander2, M.
Slattery3 and S. Ankisetty3. 1Environmental Sciences, University of California
Riverside, Riverside, CA, 2University of Hawaii, Honolulu, HI and 3University of
Mississippi, University, MS.
Cytochrome P450 monooxygenase (CYP) is the primary enzyme system for detoxification of xenobiotics including dietary chemicals and pollutants. Some herbivorous insects have the ability to detoxify toxic dietary chemicals by specific CYP
forms. While thorough research has uncovered certain relationships between herbivorous insects and dietary chemicals, little is known about biotransformation and
detoxification of allelochemicals derived from dietary products in marine organisms. Certain species of butterflyfish of the genus Chaetodon have been shown to
feed on several species of chemically-defended corals including the soft coral
Sinularia. This study examined the effects of the natural product, 5-episinuleptolide (5ESL)on the expression and catalytic activities of CYP3A,, CYP2 in two
butterflyfish species one of which is an obligate coral feeder and a generalist feeder
that can feed on coral. Fish were gavaged 1.0 mg/kg and 3.0 mg/kg of 5ESL. Initial
mortality indicated that C. multicinctus (obligate hard coral feeder), had 100%
mortality in both doses. In contrast, 80% survival was observed in C. auriga (generalist feeder). Testosterone hydroxylase (TOH) (6 beta, 16 alpha, 16 beta) was
130-740 times lower in C. multicinctus relative to C. auriga. These results indicate
an association between CYP2 (16-alpha TOH) and CYP3A (6 beta, 16 beta TOH)
catalytic activities and detoxification of 5ESL in butterflyfish with different feeding
strategies which may provide a selective advantage in allowing generalists to feed on
chemically defended prey.
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HISTOPATHOLOGY AND GENOTOXICITY STUDIES IN
IGUANA IGUANA FROM A COAL MINING AREA IN
COLOMBIA.

M. Cabarcas-Montero, M. García-Espiñeira, H. Corrales-Aldana, M. GuerraHernandez, L. Cervantes-Ceballos and J. Olivero-Verbel. Environmental and
Computational Chemistry Group, University of Cartagena, Cartagena, Bolivar,
Colombia.
Colombia is the second largest coal exporter in Latin America. However, coal mining is threatening local ecosystems. Iguana iguana, known as iguana, is a common
reptile in tropical areas and little is known about the effects of this activity on this
species. The aim of this work was to describe histopathological lesions and to eval-

uate the potential genotoxic damage in iguanas collected in La Loma, an important
coal mine in the Department of Cesar, Colombia, comparing these results with
those obtained for specimens captured in a natural reserve. Ten specimens from the
coal mining area and eleven from the control site were euthanized and blood and
tissue samples removed. The liver of iguanas from the control area presented normal characteristics, with some pigment laden macrophages. The presence of this
pigment, possibly melanin, was greater in animals from the exposed area. Spleens
from reference iguanas did not register tissular alterations, whereas samples from La
Loma showed larger dense white pulp areas, several lymph follicles and extensive
zones of B lymphocyte production, perhaps in response to foreign antigens or as an
effect related to potential immunotoxicity. Regarding genotoxicity, the alkaline
comet assay performed on whole blood cells evidenced that animals living near coal
mines had greater percentages of DNA damage than those from reference sites. This
was also shown by a significant increase in the number of nuclear buds in exposed
iguanas. In summary, iguanas residing around coal production zones present greater
risk of histopathological lesions in both the liver and spleen, as well as DNA damage in blood cells. Moreover, this species showed to be sensitive and useful to investigate environmental toxicity derived from coal mining operations. ColcienciasUniCartagena 110749326186, 2009.
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NEMATODES AND MERCURY SHARE
BIOMAGNIFICATION PATHWAYS IN A FRESHWATER
ECOSYSTEM.

K. Caballero-Gallardo and J. Olivero-Verbel. Environmental and Computational
Chemistry Group, University of Cartagena, Cartagena, Bolivar, Colombia.
People living along the main rivers in Colombia use fish as part of their diet.
Although it is well known that these freshwater ecosystems are polluted by both
chemical and biological contaminants, fish consumption is often the solely protein
intake available. The Magdalena and Cauca Rivers receive untreated sewage from
main cities in the country, as well as sediments and heavy metals from deforestation
and gold mining activities. Among those, mercury (Hg) is of particular concern due
to its biomagnification capacity in fish, organisms that have also been reported infected with nematodes. The objective of this study was to assess the relationship between Hg content in muscle and nematodes in fish from different trophic levels at
the Dique Channel, a freshwater ecosystem in Colombia. A sample of 890 fish
specimens from thirteen species were captured in marshes along the channel, measured their morphometric indexes and examined for total Hg (T-Hg) and nematodes. Parasite larvae in internal organs were recorded, and T-Hg in muscle was
quantified by atomic absorption spectroscopy. Nematodes were identified as
Contracaecum sp. A high correlation was found between trophic level and parasite
abundance (R=0.771; P=0.002) as well as with T-Hg (R=0.786; P<0.001). Species
such as Hoplias malabaricus and Sorubim cuspicaudus presented the highest values
for T-Hg and parasite infection (0.10±0.01, 0.12±0.02 μg/g; prevalence 100,
100%, respectively), whereas the lowest were detected in Prochilodus magdalenae
(0.02±0.002 μg/g; 0%). These data suggest that in freshwater ecosystems, it is possible to find statistical associations between T-Hg in muscle, nematode infection
and fish trophic level. Therefore, nematodes may be transferred through the food
chain using the same pathways employed by Hg. This observation will allow the
identification of new physiological interactions between chemical and biological
contaminants in fish.
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ENGINEERING OF BIOREACTORS UTILIZING PLANT
GLYCOSYL HYDROLASES: PROTEIN EVOLUTION BY
TADSIR DNA SHUFFLING AND FRAGMENT DOPING
DNA REASSEMBLY.

L. K. Davis and R. M. Uppu. Environmental Toxicology, Southern University, Baton
Rouge, LA.
Bioethanol production from pretreated lignocellulosic biomass often encounters
problems caused by inhibitors toxic to fermentative organisms. Herein, we describe
an effective method of circumventing some of those problems by utilizing in vitro
(evolution) of genes for direct expression in feedstock, transforming plants into selfcontained bioreactors. Evolution of Arabidopsis thaliana carbohydrate-processing
genes was performed by template- assisted DNA shuffling (TADS) in which expression vectors entirely were reassembled without further cloning. In addition, 4
kb pair Gateway ENTRY vectors and pUNI51 universal vectors were shuffled and
reassembled without subsequent enzymatic digestions as previously reported.
TADS reactions were optimized and it was found that DNA fragments at 8 ng/μL
produced the most efficient reassembly. The efficacy of DNA reassembly decreased
as fragment concentrations approached 40 ng/μL. TADS was shown to operate by
a different mechanism as compared to conventional DNA shuffling that failed
under the Mg2+ deficient conditions in which reassemblies were performed. These

findings led to development of the template-assisted DNA shuffling with in vitro
recombination (TADSir) approach that was accomplished by addition of low distributions of parent DNA template in reassembly reactions. The initial DNA reassembly was followed by a fragment doping reassembly that introduced 10-20 bp
size DNA fragments utilizing previously reassembled chimeric DNA as template.
Fragment doping increased the probability of DNA crossovers while lowering overall Gibb’s free energy. TADSir resulted in high efficiency DNA reassembly and easy
recovery of reassembled vectors for direct transformation in the host organism.
Thus, we achieved the in vitro evolution of plant carbohydrate-metabolizing enzymes by a novel entire vector DNA shuffling technology that greatly reduced subsequent cloning and screening of genes of importance for engineering plant bioreactors. [Support from NSF (HRD1043316) and Thurgood Marshall College Fund
is acknowledged].
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EFFECTS OF CHRONIC ACRYLAMIDE EXPOSURE ON
DIGESTIVE ORGANS IN HAMSTERS.

T. Imai1, T. Hayakawa2 and A. Nishikawa3. 1Central Animal Division, National
Cancer Center Research Institute, Tokyo, Japan, 2Division of Cancer Prevention
Research, National Cancer Center Research Institute, Tokyo, Japan and 3Biological
Safety Research Center, National Institute of Health Sciences, Tokyo, Japan.
Acrylamide (AA) has been reported to show carcinogenicity in rats and mice, of
which targets are various organs. On the other hand, a review and meta-analysis of
epidemiologic studies concluded that there is no increased risk for common type of
cancer from exposure to AA, but high occupational exposure showed relatively
higher values of pooled relative risks for pancreatic and kidney cancers. Among rodents, certain kinds of chemicals have been demonstrated to induce pancreatic acinar cell tumors but not ductal ones in rats, and Syrian golden hamsters are sensitive
to ductal carcinogenesis with N-nitrosobis(2-oxopropyl)amine. In the present study
effects of chronic exposure of AA on digestive organs including pancreas were evaluated in golden hamsters.
A total of 90 female and 90 male hamsters were divided into three groups each,
treated with AA at 0, 10 or 20 mg/kg body weight in drinking water for 78 weeks
and sacrificed under isoflurane anesthesia. Liver, pancreas, stomach and intestines
were excised, fixed in formalin, routinely processed for embedding in paraffin, and
stained with H&E for histopathological examination. Animals that died or were
killed in a moribund condition during experimental period were also subjected to
necropsy and examined similarly. The final survival rate was 90, 83 and 67% for
males and 77, 63 and 30% for females in 0, 10 and 20 mg/kg groups, respectively.
Papillomas/squamous cell carcinomas in the forestomach were increased in 20
mg/kg males and females (p<0.05 and 0.01, respectively). In the cecum, adenocarcinomas were found in one animal each in 10 and 20 mg/kg female groups. No significant AA-related change was observed in the other organs.
In conclusion, carcinogenicity of AA in the forestomach of hamsters was found in
the present study. Further studies are needed to confirm whether the induction of
forestomach tumors were related to genotoxicities of AA or not.
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COMPARING EMESIS TOXICITY AND
BIOAVAILABILITY BETWEEN DON AND ACETYLDONS.

Y. Sugita-Konishi1, 3, K. Toya2, T. Kadota3, H. Furusawa1, T. Yoshinari1, T.
Ohnishi1 and S. Itoh2. 1Division of Microbiology, National Institute of Health
Sciences, Tokyo, Japan, 2Veterinary Sciences, Azabu University, Kanagawa, Japan and
3Gifu University, Gifu, Japan.
Trichothecene mycotoxin deoxynivalenol (DON) is a toxic second metabolite produced by Fusarium fungi in agricultural crops. In addition, acetylated derivative of
DON, such as 3 and 15acetyldeoxynivalenol (3ADON and 15ADON), are evaluated to have equivalent toxicity to DON because these ADONs convert to DON
after absorption immediately. However, the bioavailability and emesis toxicity of
these ADONs are still unknown.
In this study, we compared the bioavailability and emesis toxicity between DON,
3-ADON and 15ADON by oral administration test using pigs and the house musk
shrew (Suncus murinus (SUR-Heris)).
The pigs (10.7 ± 2.4 kg, male) were divided into a control group and mycotoxins (3
ADON, 15ADON or DON) feeding groups. The oral administration tests were
achieved with the diets containing 0.06 mg/kg BW DON or 15ADON. After the
administration, pig serum was collected at 0, 5, 10, 20, 30 min and 1, 2, 3, 4, 8 hr.
Then toxins in samples were measured by LC/MS/MS. In ADONs feeding group,
ADONs were not detected from all samples, suggesting that ADONs would be
converted to DON in serum. However, Maximum drug concentration time
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(Tmax) in 3ADON, 15ADON and DON were 2, 3, 4 hrs, respectively and maximum drug concentration (Cmax) and area under the curve (AUC) in 15ADON
group were lowest among DON and ADONs.
The house musk shrews (50-70 g, male) were divided into three groups (3ADON, 15ADON and DON). The animals were administrated these toxins with
the skim milk by single gavage. The each toxin doses were 0, 0.625, 2.5, 10, 40
mg/kg BW using 5 animals per dose. After administration, observation were carried
on 1 hours and emesis animals were counted. From the percentage of emesis animals, 50 % of emesis dose were estimated at 4.1, 0.9 and 9.1 mg/kg for DON,
3ADON and 15ADON.
These results demonstrated that 15ADON is less emesis toxicity and bioavailability than DON and 3ADON, suggesting that 15ADON is not equivalent toxicity to
3ADON.
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RELATION OF 8-KETOTRICHOTHECENE STRUCTURE
TO ANOREXIC RESPONSE IN THE MOUSE.

W. Wu1, B. Flannery1, 2, W. Maiko4, S. Yoshiko4 and J. Pestka1, 2, 3. 1Food Science
and Human Nutrition, Michigan State University, East Lansing, MI, 2Center for
Integrative Toxicology, Michigan State University, East Lansing, MI, 3Microbiology &
Molecular Genetics, Michigan State University, East Lansing, MI and 4National
Institute of Health Sciences, Tokyo, Japan.
The trichothecene mycotoxin deoxynivalenol (DON) is well known to cause food
refusal in experimental animals. However, the relative anorexic potencies of structurally related 8-keto-trichothecene are not known. A simple food refusal bioassay
employing the mouse was used to compare the effects of 8-keto-trichothecene following by oral and intraperitoneal (ip) exposure. The results suggested that, similar
to DON, the anorexic effects of 3-acetyldeoxynivalenol (3-ADON) and 15acetyldeoxynivalenol (15-ADON) were transient (lasting only a few hours) and
food intake recovered within 16 h. In contrast, the food refusal responses to nivalenol (NIV) and fusarenon X (FX) were markedly different, persisting from 36 to
96 h depending on administration route. For both ADONs, the no observed adverse effect levels (NOAEL) and lowest observed adverse effect levels (LOAEL) were
0.5 and 1 mg/kg bw for ip, respectively, and 1 and 2.5 mg/kg bw for oral, respectively. The NOAEL and LOAEL for FX were 0.025 and 0.25 mg/kg bw, respectively, for both ip and oral exposure. The NOAEL and LOAEL for NIV were 0.01
and 0.1 mg/kg bw, respectively, for ip and 0.1 and 1, respectively, for oral exposure.
To summarize, the anorexic effects of 8-keto-trichothecene followed the rank order
NIV>FX>DON=15-ADON=3-ADON, based on the NOAEL and LOAEL, with
effects being greater when administered ip as compared to oral exposure. 3-ADON
and 15-ADON caused acute anorexia, similar to DON, whereas, the anorexic effects of NIV and FX were more persistent.

Analytical results showed that the occurrence of BEA, ENNA, ENNA1, ENNB,
ENNB1 and ENNB4 in analyzed samples were below 48%. ENNB was the most
mycotoxin found and levels ranged from < LQ to 184 μg/kg. It was concluded
from this study that the high contamination levels found for ENNs have negative
impact on the consumer and economy organic farming.
Acknowledgements: C.Juan thanks the Conselleria de Educació of Generalitat
Valenciana for the financial support of “Programa VALi+d per a investigadors en
fase postdoctoral (APOSTD) 2010”.
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C. Rubio1, J. Lucas1, A. Hardisson1, A. Gutiérrez1, D. González1 and A. R.
Anadón2. 1Toxicología, Universidad de La Laguna, La Laguna, Santa Cruz de
Tenerife, Spain and 2Toxicología y Farmacología, Universidad Complutense de
Madrid, Madrid, Spain.
Herbal drugs are gaining popularity worldwide but because many side effects have
been reported, the characterization and standardization of phytopharmaceuticals
like Mentha are necessary. Some toxic metals in herbal drugs are limited by different institutions like the WHO and the European Pharmacopoeia but further work
and data are needed.
Cd, Pb, Al, B, Ba, Co, Cr, Li, Ni and Mo were determined in 36 samples (tea bags
and bulk) of Mentha piperita, Mentha pulegium and complex infusions randomly
obtained from supermarkets, traditional markets, herbal stores and pharmacies in
Tenerife (Canary Islands, Spain) using Inductively Coupled Plasma Spectrometry.
Results: 0.646 mg Pb/kg (0.017-3.013), 0.223 mg Cd/kg (0.057-0.636), 151.24
mg Al/kg (16.172-680.32), 20,51 mg B/kg, 14.15 mg Ba/kg, 0.25 mg Co/kg, 1.65
mg Cr/kg, 5.46 mg Li/kg, 1.72 mg Ni/kg and 0.73 mg Mo/kg. All Pb levels were
found to be below permissible levels. For Cd, 19.44% of samples exceeded the maximum permissible limit of 0.3 mg/kg set by the WHO for medicinal plants, but all
samples were below the European Pharmacopoeia limit for Cd (4 mg/kg). Samples
varied significantly based on the type of store they were purchased in and what
form the tea was sold in (bulk vs. tea bags). Cd values are significantly higher
(p<0.05) in tea bags as well as in samples from supermarkets. Al values are significantly (p<0.05) higher in samples purchased in traditional markets and supermarkets. When comparing these results with those reported in previous studies, Pb, Al
and Ba levels in our samples are lower and Cd, B, Ni and Li concentrations are
higher. The high Al contents we detected are consistent with other studies and this
is a cause for concern because heavy Mentha tea consumption may contribute to a
dietary Al exposure over the provisional tolerable intake.
Exposure to metals through this phytopharmaceutical does not appear to be of
health concern but regulatory limits should be imposed on Al contents.
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PRESENCE OF EMERGING FUSARIUM MYCOTOXINS,
BEAUVERICIN AND ENNIATINS, IN PASTA BY LIQUID
CHROMATOGRAPHY COUPLED TO TANDEM MASS
SPECTROMETRY.

G. Font1, C. Juan1, 2, A. Ritieni2 and J. Mañes1. 1Preventive Medicine, University
of Valencia, Burjassot, Valencia, Spain and 2Food Science, University of Naples
Federico II, Portici, Italy.
Beauvericin (BEA) and enniatins (ENN) are emerging Fusarium mycotoxins that
are known to contaminate food and feed. BEA and ENN mediated cytotoxicity towards various mammalian and, cancer cell lines has been demonstrated. They are
also receiving increasing attention because of their biological activities, such as antibiotic and insecticide.
These mycotoxins are produced by different Fusarium species such as F. avenaceum, F. poae and F. tricinctum which can grew on many agricultural commodities (wheat) and processed food (pasta).
Therefore, this mycotoxin may accumulate in the environment and enter the food
chain, thus exerting possibly important effects on the health of humans and domestic animals.
The most common enniatins found in agricultural products include: ENNs A, A1,
B, and B1 and enniatin analogues (enniatins B2, B3, B4, D, E, F, and G) which
have been identified and characterized.
The objective of this study was to evaluated the presence of BEA and the most studied ENNs: ENNs A, A1, B, B1 and B4, in pasta from Campania region (Italy).
Pasta samples were obtained from supermarkets and have been analyzed using liquid chromatography coupled to triple quadrupole mass spectrometry that was carried out with a method optimized in our laboratory. Limits of quantification (LQs)
ranged from 1- 10 μg/kg.
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METALS (PB, CD, AL, B, BA, CR, CO, NI, LI, MO) IN
MENTHA TEA.

LONG-TERM CONSUMPTION OF CATECHIN-RICH
BEVERAGE HAS NO IMPACT ON LIVER FUNCTION.

M. Takeshita1, K. Kamachi2, M. Yatsuda2, C. Kasuga2, M. Tsujitani2, C. Kato2,
M. Katashima1, M. Ai3 and A. Tanaka2. 1Health Care Food Research Laboratories,
Kao Corporation, Tokyo, Japan, 2Nutrition Clinic, Kagawa Nutrition University,
Tokyo, Japan and 3Life Science and Bioethics Research Center, Tokyo Medical and
Dental University, Tokyo, Japan. Sponsor: M. Soni.
BACKGROUND: Tea is the most commonly consumed beverage all over the
world, second only to water. Because of the health benefits resulted from the main
components (catechins), green tea that has been consumed in the East for millennia
is increasingly becoming popular in the West as well. The effects of long-term consumption of the beverages enriched with catechins on biochemical safety parameters have been evaluated to a limited extent in human. In this study, we examined
the impacts of long-term daily consumption of catechin- rich beverage in a largescale population study.
METHODS: In this randomized, double-blind, placebo-controlled, parallel study
with two arms, obese Japanese men and women divided into two groups, consumed either one bottle of catechin-rich green tea (catechins: 599 mg/bottle, n=62)
or a bottle of placebo green tea (catechins: 84 mg/bottle, n=63) per day for a period
of one year. All 125 subjects were analyzed according to the principle of “intention
to treat” basis (M: 62, F: 63, Age: 45-67 y, BMI: 24-36 kg/m2).
RESULTS: At the end of the study, no significant changes were observed in biochemical parameters related to liver function such as AST, ALT, γ-GTP, and total
and direct bilirubins between groups. Also, serum levels of glucose, creatinine,
blood urea nitrogen, total body ketones, uric acid and iron did not change. No adverse events were noted in any subjects during the present one-year study.
CONCLUSION: The results of this suggest that daily consumption of catechinrich beverage (catechins: ~600 mg/bottle) for a prolonged period is safe and comparable to conventional green tea products (catechins: ~80 mg/bottle).
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HEXABROMOCYCLODODECANE (HBCD)
STEREOISOMERS IN US FOOD AND ADULT DAILY
DIETARY INTAKE.

L. S. Birnbaum1, A. Schecter2, D. T. Szabo3, J. A. Colacino5, T. Gent1, N.
Bass1, O. Paepke4, L. S. Hynan6, T. R. Harris1 and S. Malla1. 1National Cancer
Institute, Research Triangle Park, NC, 2University of Texas School of Public Health,
Dallas, TX, 3US EPA, National Center for Environmental Assessment, Arlington, VA,
43Eurofins Gfa, Hamburg, Germany, 5University of Michigan School of Public
Health, Ann Arbor, MI and 6Statistics Section, University of Texas Southwestern
Medical Center, Dallas, TX.
Hexabromocyclododecane (HBCD) is a brominated flame retardant mixture used
in polystyrene foams and as a replacement for Decabromodiphenyl ether. The commercial mixture has 3 major stereoisomers – α (~10%), β (~10%), and γ (~80%).
HBCD exposure is associated with effects in animal and human studies. Food ingestion, especially of meat and fish, is a major route of exposure. This study was designed to measure HBCD stereoisomer levels in US food and estimate US HBCD
daily intake. We previously measured total HBCD levels in 30 pooled food samples
using high-resolution gas chromatography/ low resolution mass spectrometry. Ten
of these pools as well as 36 new individual food samples were analyzed for HBCD
stereoisomers using liquid chromatography tandem mass spectrometry. α-HBCD
was detected in 13/36 new foods and all of the original pools; γ-HBCD in all 10
original pools but only 8/36 new foods; and β-HBCD was in 8/10 pools and 3/36
individual foods. Median levels for α-, β-, and γ-HBCD were 115, 16, and 59 pg/g
ww, respectively. US Adult dietary intake of all 3 HBCD stereoisomers measured in
these studies was estimated to be approximately 14 ng/day, primarily from meat
consumption. Total HBCD levels are similar to those reported from European
countries, and also show the stereoisomeric shift from γ- to α-HBCD. Further research is indicated to determine HBCD stereoisomer levels and daily intake from a
larger and more representative sample of US food. (This abstract does not reflect
NIH policy).
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LC-MS/MS DETERMINATION AND OCCURRENCE OF
FUSARIUM MYCOTOXINS ENNIATINS, BEAUVERICIN
AND FUSAPROLIFERIN IN PASTA.

E. Ferrer, B. Houda, A. B. Serrano and G. Font. Preventive Medicine, University
of Valencia, Burjassot, Valencia, Spain.
Mycotoxins are toxic secondary metabolites produced by filamentous fungi, mainly
Aspergillus, Penicillium and Fusarium species under appropriate environmental
conditions. In the last years, the called emerging Fusarium mycotoxins were acquired importance, since their severe toxic effects on animal and human health, as
enzymatic inhibition, cytotoxicity and teratogenicity. In this work, a new rapid,
sensitive, reproducible and reliable method for the determination of the emerging
mycotoxins: Enniatins ENs (EN A, EN A1, EN B and EN B1), beauvericin (BEA)
and fusaproliferin (FUS) by liquid chromatography-triple quadrupole-tandem
mass spectrometry and their occurrence in pasta samples has been developed.
Besides, three extraction techniques have been studied: Ultra-Turrax, ultrasonic and
microwave and the time, temperature and the extraction solvent have been optimized. The best results were for Ultra-Turrax extraction with 3 minutes of acetonitrile. The chromatographic determination has been performed in reverse phase with
C18 column, and acetonitrile/methanol (20mM ammonium formiate) mobile
phase. The recoveries ranged from 86-112%, with relative standard deviation lower
than 15 %; Limits of detection were lower and ranged from 0.02-0.15 μg/kg. In
addition, application to the analysis of 73 organic and non organic pasta samples
purchased from Spanish and Italian supermarkets and risk assessment associated to
daily intake were studied. The results obtained showed that the 84% of the samples
were contaminated and the incidence of BEA, EN A, EN A1, EN B, EN B1and
FUS was 23, 49, 50, 70, 74 and 23% respectively. The higher incidence and concentrations were obtained in organic pasta samples. Acknowledgments: This study
was financially supported by the projects AGL2010/17024/ALI (Science and
Innovation Spanish Ministry) and PLAT/2009-012 (Valencian Government,
Spain).
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ASSESSMENT OF THE SURFACE STABILITY AND
AFLATOXIN SORPTION CAPACITY OF
MONTMORILLONITE CLAY FOLLOWING
FERMENTATION AND HEAT TREATMENT.

S. E. Elmore, N. J. Mitchell, A. Marroquin-Cardona, K. Brown, T. Mays, K.
Zychowski and T. D. Phillips. Veterinary Integrative Bioscience, Texas A&M
University, College Station, TX.
Aflatoxin B1 (AFB1) is commonly found as a contaminant of crops such as maize
and has caused concern for food safety and public health. This mycotoxin is listed
as a Group 1 carcinogen by the International Agency for Research on Cancer and

may act synergistically when consumed with other contaminants, e.g., fumonisin
B1 (FB1). Uniform Particle Size NovaSil (UPSN) clay, a calcium montmorillonite,
has been shown to bind AFB1 in both in vitro and in vivo studies, thus reducing its
bioavailability. During a previous intervention trial in Ghana, UPSN was added to
common Ghanaian dishes including Koko, maize porridge that is both fermented
and boiled, as a strategy to reduce AFB1 and FB1 exposure in people. Our objective
was to evaluate the stability of UPSN during the processing and preparation of
Koko as demonstrated by its ability to sorb AFB1 prior to ingestion. Portions (50g)
of maize meal were spiked with AFB1, in triplicate, at concentrations ranging from
5 to 1000 ppb with and without UPSN additive and were then used to prepare
Koko. Extractions of AFB1 followed a modified procedure based on the USDAFGIS Single Filtration Procedure for Corn using Aflatest immunoaffinity columns
followed by fluorescence detection (Series 4 VICAM Fluorometer). UPSN significantly bound AFB1 with less than 10% recovered from samples containing the clay,
while there was greater than 85% recovery in samples without clay demonstrating
that UPSN was able to reduce AFB1 levels by more than 75%. These results confirm our recent cross-over study in Ghana and suggest that UPSN clay-AFB1 complexes are stable under cooking and food preparation conditions. Importantly, this
work confirms that UPSN can be used as a food additive to reduce exposure to
AFB1 in populations at risk for aflatoxicosis and hepatocellular carcinoma. This research was supported by USAID LAG-G-00-96-90013-00 and NIH
1RO1MD005819-01.
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EVIDENCE FOR FUMONISIN INHIBITION OF
CERAMIDE SYNTHASE IN HUMANS.

R. T. Riley1, J. L. Showker1, K. A. Voss1, J. Gelineau van Waes2, J. R. Maddox2,
S. G. Gregory3, A. E. Ashley-Koch3 and O. Torres de Matute4. 1USDA-ARS,
Athens, GA, 2Creighton University School of Medicine, Omaha, NE, 3Duke
University Medical Center, Durham, NC and 4Centro de Investigaciones en Nutricion
y Salud, Guatemala City, Guatemala.
Fumonisins are mycotoxins found in corn worldwide. Fumonisin B1 is the most
common of the fumonisins. It is the cause of several farm animal diseases and is carcinogenic in rodents. Fumonisin B1 is poorly absorbed and is excreted primarily in
feces and small amounts can be detected in urine. The mode of action is the inhibition of ceramide synthase a key enzyme in the biosynthesis of sphingolipids.
Inhibition of ceramide synthase causes an accumulation of sphingoid bases and
sphingoid base 1-phosphates in tissues and blood. In mice gavaged with fumonisin
B1, sphinganine 1-phosphate (Sa1P) accumulates in red blood cells in a dose-dependent manner and there is an increase in the ratio of Sa1P/sphingosine 1-phosphate (So1P). The purpose of the present IRB approved study was to determine the
relationship between fumonisin B1 in the urine and the Sa1P/So1P ratio in blood
spots collected from women living in communities consuming large amounts of
corn potentially contaminated with fumonisin B1. In the human study approximately 640 urine and blood spot samples were collected and analyzed from three
locations in rural Guatemala (Chimaltenango, Escuintla and Jutiapa) in March and
June of 2011. Corn samples (n=57) from the same locations have been analyzed for
fumonisins. The level of fumonisin in corn collected from local markets was significantly higher in Jutiapa compared to Chimaltenango or Escuintla. The urinary fumonisin B1 and the Sa1P/So1P ratio were also significantly higher in Jutiapa compared to Chimaltenango or Escuintla. The preliminary results show that fumonisin
B1 in urine is significantly correlated with the increase in the Sa1P/So1P ratio in
the blood spots. These results are consistent with the conclusion that fumonisin B1
disrupts sphingolipid metabolism in humans consuming large amounts of fumonisin B1 contaminated corn. Research supported by NIH grant # 1 RC4
HD067971-01.
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AGE AND GENDER ARE SUSCEPTIBILITY FACTORS IN
DEOXYNIVALENOL-INDUCED ANOREXIA.

E. S. Clark1, 2, B. M. Flannery1, 2 and J. J. Pestka1, 2, 3. 1Food Science and Human
Nutrition, Michigan State University, East Lansing, MI, 2Center for Integrative
Toxicology, Michigan State University, East Lansing, MI and 3Microbiology and
Molecular Genetics, Michigan State University, East Lansing, MI.
Deoxynivalenol(DON, vomitoxin), a trichothecene mycotoxin, is a common cereal
grain contaminant that is resistant to processing and can enter human and animal
food. Regulatory standards have been established for DON based on its capacity to
cause anorexia and suppress growth in the mouse. The aim of this study was to test
the hypothesis that age and gender will affect the susceptibility of mice to DON-induced feed refusal. Here we employed a mouse anorexia bioassay previously described by our lab to compare the effects of DON exposure to in 1), weanling males
(3 wk) vs adult males (4wk), 2) adult males (11 wk) for elderly male (22 months)
and 3) adult females (11 wk) vs adult males (11 wk). Briefly, mice were acutely exposed to 0, 1 and 5 mg/kg bw via IP injection and food intake was monitored 36 h
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post exposure to the toxin. Elderly mice were extremely sensitive to DON as evidenced increasingly depressed feed intake up to 36 h at both 1 mg/kg bw and 5
mg/kg bw DON in comparison to vehicle control. Adult males also demonstrated
high sensitivity to DON-induced feed refusal, with doses of 1 mg/kg and 5 mg/kg
DON decreasing food intake in comparison to the vehicle control up to 6 h and 12
h, respectively. In contrast, male weanlings appear to be comparatively resilient to
DON-induced feed refusal. While food intake was depressed up to 7 h at 1 mg/kg
and 5 mg/kg DON from that of the vehicle control, the difference was substantially
lower in magnitude compared to that of adult and elderly males. Finally, adult female mice were the least sensitive to DON exhibiting recovery at both doses after 4
h. These data suggest the following rank order of susceptibility to DON-induced
anorexia: elderly males > adult males > weanling males >adult females. This indicates age and gender might be important factors to consider when conducting risk
assessments for DON and other trichothecenes.
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CONSUMPTION OF FOLATE DEFICIENT DIET DID
NOT INCREASE NEURAL TUBE DEFECTS IN LM/Bc
MICE EXPOSED TO FUMONISIN B1

K. A. Voss1, R. T. Riley1 and J. B. Gelineau-van Waes2. 1Toxicology & Mycotoxin
Research Unit, USDA, ARS, Athens, GA and 2Department of Pharmacology,
Creighton University School of Medicine, Omaha, NE.
Fumonisin B1 (FB1) is a mycotoxin produced by Fusarium verticillioides and F. proliferatum. It is found in corn and evidence suggests it is a possible risk factor for
neural tube defects (NTD)in populations consuming large amounts of contaminated corn-based foods. The mechanism(s) underlying NTD induction by FB1 in
the sensitive LM/Bc mouse is not well understood. However, partial reversal of
NTD by co-exposure to folic acid and almost complete reversal by the complex
sphingolipid GM1 suggests that disrupted folate utilization is involved. To further
explore folate and NTD, female LM/Bc mice were fed a nutritionally sound control
or a folate deficient diet starting 5 weeks before mating and continuing to embryonic day 16 (E16), when the litters were examined. Upon successful mating (E0),
females were assigned to groups (3 groups/diet; n=9-13 dams/group) for treatment
with 0 (vehicle), 2.5 or 10 mg/kg body weight FB1 (intraperitoneal injection) on
E7 and E8. The folate deficient diet had no overt adverse effect on the dams. NTD
were found in litters of control diet-fed dams treated with > 2.5 mg/kg FB1. The incidence of affected litters increased in a dose-dependent manner: 3 of 13 (23%) low
dose and 10 of 11 (91%) high dose litters had >1 NTD affected fetus. In contrast,
NTD were found in the folate deficient diet groups only in 4 of 11 (36%) litters at
10 mg/kg FB1. In utero death rates including resorptions plus late fetal deaths were
higher in the folate deficient diet groups than in their corresponding control diet
groups, but increased embryolethality did not account for the differences in NTD
incidence. The findings indicate that long-term consumption of folate deficient
diet does not increase the likelihood of NTD following exposure of LM/Bc dams to
FB1. Interactions between fumonisin exposure, folate-dependent processes, and
NTD induction in the LM/Bc mouse model are complex and warrant further investigation.
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SAFETY EVALUATION OF AGARICUS SUBRUFESCENS
SP AND THEIR PRODUCTS OF THERARPEUTIC
INTEREST OR FOR DISEASE PREVENTION.

E. E. Creppy1, S. Moukha1, 2 and C. Ferandon1. 1Toxicology, University Bordeaux
2, Bordeaux, France and 2MycSa, INRA, Villenave d’Ornon, France.
Mushrooms are food traditionally consumed in Europe, Asia and America. They
are being studied for medicinal benefits. Extensive studies have shown that Agaricus
subrufescens (A. blazei Murrill) has anticancer properties. A comparative study of
Agaricus subrufescens sp (Brazil and France) presented herein using Agaricus bisporus
(champignon de Paris) as control. In vivo OCDE test were performed to evaluate
either tolerance and/or acute and sub chronic toxicity in rats and mice. Our data reveal that all A. subrufescens sp are not toxic, either in vivo or in vitro, except some locomotor hypoactivity. All show a preventing effect against carcinogenesis including
A. bisporus. This is the first time that this mushroom is shown to be effective, even
thought it is clearly less effective than A. subrufescens sp. However no anti tumour
effect is found using Balb-c mice implanted with leukaemia cells. Furthermore they
elicit slight cell growth stimulation at the concentrations tested in vitro, in Hep G2
(human hepatoma cells) and Neuro 2a (mouse neuroblastoma cells). The most active is A. subrufescens (A. blazei Murrill) from Brazil. These mushrooms do have
many bioactive compounds, different from the polysaccharides that need to be isolated and characterised for their curative properties following accurate evaluation of
toxicological effects. Indeed there is clearly a lake of information on toxicological
assessment (acute and chronic toxicity) of compound such as agaritine, blazein
among others and of the whole mushroom A. subrufescens itself, and overall on epidemiological data linking the consumption of Agaricus sp and eventual prevention
and/or pathologies.
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DEOXYNIVALENOL (VOMITOXIN) INDUCES
CHOLECYSTOKININ (CCK) AND GLUCAGON-LIKE
PEPTIDE-1 (GLP-1) RELEASE FROM
ENTEROENDOCRINE STC-1 CELLS VIA A TASTE
RECEPTOR (TASR)-MEDIATED SIGNAL
TRANSDUCTION PATHWAY.

H. Zhou1 and J. Pestka1, 2, 3. 1Food Science & Human Nutrition, Michigan State
University, East Lansing, MI, 2Microbiology & Molecular Genetics, Michigan State
University, East Lansing, MI and 3Center for Integrative Toxicology, Michigan State
University, East Lansing, MI.
We have previously reported that acute exposure to the deoxynivalenol (DON,
vomitoxin), a trichothecene mycotoxin that commonly contaminates human and
animal food, causes rapid anorexia induction in the mouse (Food Chem. Toxicol.
2011, 49:1863-1869], but the mechanism is unknown. Bitter tastants are known to
activate G-protein-coupled taste receptor (TASR)-dependent signal transduction in
gut enteroendocrine cells leading to release of satiety hormones that result in reduced appetite and food intake. The purpose of this study was to test the hypothesis that DON induces satiety hormone secretion from gut enteroendocrine cells
through a TASR-mediated mechanism. Using the TASR-containing STC-1 murine
enteroendocrine cell model, we determined that both DON and a prototypical bitter tastant, denatonium benzoate (DB), dose- and time-dependently induced release of cholecystokinin (CCK) and glucagon-like peptide-1 (GLP-1). These effects
corresponded to rapid intracellular calcium [Ca2+] mobilization. Pre-treatment of
EGTA, a chelator of Ca2+ blocked the increase of [Ca2+] and CCK and GLP-1 secretion. Pre-incubation with the L-type voltage-sensitive Ca2+ channel (L-type
VSCCs) blocker nitrendipine significantly attenuated both DON- and DB-induced CCK and GLP-1 release in STC-1. These in vitro data suggest that DONinduced gut satiety hormone release in enteroendocrine cells is associated with Ltype-VSCC-mediated Ca2+ influx and very consistent with the action of bitter
taste agonists. DON-induced CCK and GLP-1 secretion via a TASR signaling
pathway could contribute to anorexia and emesis which would protect an animal or
human from additional injury from further ingestion of the toxin.
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A DIETARY EMBRYOTOXICITY/FETAL DEVELOPMENT
STUDY OF R, R-MONATIN SALT, A HIGH-POTENCY
SWEETENER, IN SPRAGUE DAWLEY RATS.

J. Hlywka1, W. A. Brathwaite1, A. I. Nikiforov2, M. O. Rihner2 and E. D.
Sloter3. 1Cargill Incorporated, Wayzata, MN, 2Toxicology Regulatory Services,
Charlottesville, VA and 3WIL Research Laboratories, LLC, Ashland, OH.
R,R-Monatin is an intensely sweet substance identified in Sclerochitin ilicifolius, a
plant native to South Africa. To contribute data relevant to evaluation of the safety
of the consumption of this sweetener, fetal development and embryotoxicity were
assessed in mated Sprague Dawley rats (25 Crl:CD(SD) females/group) exposed
continuously to dietary concentrations of 0, 15,000, 30,000, or 50,000 ppm (0,
1.5, 3.0 or 5.0% w/w) sodium/potassium (2R, 4R)-2-amino-4-carboxy-4-hydroxy5-(3-indolyl) pentanoate, otherwise R,R-monatin salt, during gestation days 6-21.
On gestation day 21, all animals underwent a laparohysterectomy for examination
of uteri, placentae, and ovaries. The fetuses were examined for external, visceral,
and skeletal malformations and variations. There were no fetal malformations or
developmental variations that were attributable to R,R-monatin salt at any exposure level, nor were there any test article-related effects on intrauterine survival.
Maternal toxicity, as evidenced by lower mean body weights, body weight gains,
and food efficiency, was observed at 50,000 ppm. A developmental effect, in the
form of lower mean fetal body weight, was noted in the 50,000 ppm group in the
presence of maternal toxicity. Therefore, based on the results of this study, the noobserved-adverse-effect level (NOAEL) for maternal and embryo-fetal toxicity in
Sprague Dawley rats resulting from dietary exposure to R,R-monatin salt during
gestation days 6-21 was 30,000 ppm (approximately 2,564 mg/kg bw/day) based
on reductions in maternal and fetal body weights.
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SAFETY ASSESSMENT OF GENETICALLY MODIFIED,
HERBICIDE-TOLERANT CANOLA DP-Ø73496-4: 13WEEK DIETARY STUDY IN RATS.

L. M. Appenzeller1, P. Mukerji2, G. P. Sykes2, D. Hoban2 and B. Delaney1.
1DuPont Agricultural Biotechnology, Pioneer Hi-Bred International Inc., Ankeny, IA
and 2DuPont Haskell Global Centers for Health and Environmental Sciences,
Newark, DE.
A 90-day rat feeding study was conducted as part of the pre-market safety assessment of genetically-modified (GM), herbicide-tolerant canola DP-Ø73496-4
(73496). Metabolic inactivation of the herbicidal active ingredient glyphosate is

conferred by genomic integration and expression of a gene-shuffled acetyltransferase coding sequence, gat4621, from Bacillus licheniformis. Diets nutritionally
comparable to PMI® Certified Rodent LabDiet® 5002 were formulated by total
functional replacement (e.g., protein, fiber, and energy equivalency basis) of dehulled (DH) soybean meal, hulls, and oil with meal and oil from DH canola seed
from untreated (73496) and herbicide-treated (73496+Gly) plants, the non-transgenic near-isogenic control, and four non-transgenic commercial varieties. To evaluate the potential health effects from long-term consumption of 73496 canola, the
experimental diets were fed to young adult SD rats (12/sex/group) for at least 91
consecutive days. Compared with rats fed diets containing meal and oil from the
near-isogenic control canola, no diet-related adverse effects were observed in rats
fed diets containing meal and oil from 73496 or 73496+Gly canola with respect to
standard nutritional performance metrics and OECD 408 parameters (body
weight/gain, food consumption/efficiency, mortality, clinical signs of toxicity, ophthalmological observations, neurobehavioral assessments, organ weights, and clinical and anatomic pathology). No health hazards were identified. These results support the nutritional equivalence and comparative safety of meal and oil from DH
seed from GM herbicide-tolerant 73496 canola and conventional, non-transgenic
canola.
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NEONATAL PIGLETS AS AN ANIMAL MODEL TO
EVALUATE SAFETY OF NEW INGREDIENTS IN INFANT
FORMULA.

B. A. Thorsrud1, A. D. Aulbach2 and A. S. Faqi1. 1Developmental and
Reproductive Toxicology, MPI Research, Mattawan, MI and 2Clinical Pathology, MPI
Research, Mattawan, MI.
Although breast-feeding is recommended for the first year of life, infant formulas
constitute the majority of the diet for most American infants. Infant formulas consist of two major types: dairy-based using bovine milk protein and soy-based made
from soy protein isolates. Preclinical studies are a vital first step to assess the safety
and quality of ingredients, which may be new to infant formulas. Neonatal piglets
are used as an animal model to evaluate the safety of baby formula ingredients, because the physiology of digestion is similar to that in humans. In addition, piglets
thrive in the laboratory environment without maternal support just days after birth,
which provides a practical means for infant formula testing. In the present study
one-day old domestic Yorkshire-Crossbred piglets were fed with either Purina
ProNurse or VetOne multispecies milk replacers for 3 weeks, based on manufacturer’s recommended feeding regimens. Growth rate, clinical observations, and
clinical pathology parameters were evaluated. On arrival, animals were acclimated
to feeding bowls, which were supplied with liquid feed via a customized infusion
system. They were offered formula each day, every hour, for 14 hours. At receipt,
animals weighed approximately 2 kg and clinical signs were unremarkable between
groups. Hematology parameters during the first 3 weeks of life showed significant
differences when compared to adult pigs. Most notable were dramatic increases in
reticulocytes, reticulocyte percentage, and mean cell volume (MCV) with moderate
decreases in lymphocyte counts. Increased average red cell size (MCV) and reticulocyte values correspond to accelerated erythroid production observed in suckling
piglets which generally subsides by 2 to 6 months of age. In conclusion, this piglet
design, optimized for growth and tested with different milk replacement formulas,
demonstrated important differences in the infant data as compared to adults and
confirmed the practical use of this animal model for infant formula testing.
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RESPONSES OF TILAPIA TO CONTAMINATED DIETS
SUPPLEMENTED WITH NOVASIL.

K. Zychowski1, A. Peredo2, A. Buentello2, M. Hume3, D. Gatlin2, A.
Marroquin-Cardona1, S. Elmore1, N. Mitchell1, K. Brown1, T. Mays1 and T. D.
Phillips1. 1Veterinary Integrative Biosciences, Texas A&M University, College Station,
TX, 2Wildlife and Fisheries, Texas A&M University, College Station, TX and 3United
States Department of Agriculture, Southern Plains Agricultural Research Center,
College Station, TX.
The aquaculture industry is one of the fastest-growing food sectors in the world.
However, like all farm-raised animals, fish are susceptible to food-borne toxins, including aflatoxin B1 (AFB1). AFB1 is a mycotoxin mainly produced by the fungus
Aspergillus flavus and A. parasiticus, which grows on corn, peanut and other agricultural crops. The high percentage of plant-based material in the feed of warmwater species warrants further investigation of species sensitivity to AFB1. Rainbow
trout (Oncorhynchus mykiss) have been shown to be one of the most sensitive
species to AFB1, developing tumors when exposed to levels as low as 0.4 ppb. Nile
tilapia, Oreochromis niloticus, is a popular warm-water species known for their
hardiness and resistance to disease. However, tilapia have shown susceptibility to
AFB1 and demonstrate a decrease in body weight when exposed to AFB1.
Enterosorption therapy using natural clay, such as NovaSil (NS) is among the novel

strategies to reduce exposure to aflatoxins in both farm-raised animals and humans.
The objective of this study was to evaluate the capacity of NS clay to remediate the
toxic effects of a chronic exposure to AFB1 in tilapia. Several parameters were tested
at the end of 10 weeks to determine the effects of AFB1 and NS. Weight gain and
mortalities were determined on a weekly basis. 1% NS caused a 10.87% and 8.58%
increase in total body weight gain when compared to the 1.5 ppm and 3.0 ppm
AFB1-exposed groups. Lysozyme concentration in the plasma, and oxidative radical
production in neutrophils and macrophages were determined. NS-supplemented
diets showed an increase in oxidative radical production from neutrophils in blood
compared to the AFB1-exposed groups (Supported by CONACYT ID No. 2010020 and NIH 1RO1MD005819-01).

1114

SAFETY OF CALCIUM AND SODIUM BENTONITE
CLAYS AS ENTEROSORBENTS FOR AFLATOXIN.

A. G. Marroquin-Cardona1, Y. Deng2, J. F. Garcia-Mazcorro3, N. M. Johnson1,
N. J. Mitchell1, L. Tang4, J. Wang4 and T. D. Phillips1. 1Veterinary Integrative
Biosciences, Texas A&M University, College Station, TX, 2Soil and Crop Sciences
Department, Texas A&M University, College Station, TX, 3Gastrointestinal
Laboratory, Texas A&M University, College Station, TX and 4Environmental Health
Sciences Department, University of Georgia, Athens, GA.
Bentonites can potentially protect against aflatoxicosis. NovaSil (NS) clay has been
shown to sorb aflatoxins in the gastrointestinal tract and to diminish both their
bioavailability and their adverse effects in multiple animal models and humans.
Similarly, Na-bentonite has been shown to reduce exposure to aflatoxins in farm
animals however concerns about its potential interactions with nutrients warrant
further research. We investigated the aflatoxin sorption capabilities and the physiological effects of a Ca-bentonite (Uniform Particle Size NS, UPSN) and a Na bentonite (NaB). Young Sprague Dawley rats were fed rations free of clay (control) or
containing either UPSN or NaB at 0.25% and 2% (w/w) for 13 weeks. Growth
performance, serum and blood biochemical parameters were measured along with
serum vitamins (A and E), iron and zinc. Both clays showed similar AFB1 sorption
characteristics based on isothermal analysis. Feed conversion efficiency and final
body weights were unaffected in either sex at the doses tested. Neither UPSN nor
NaB-dependent differences in relative organ weights or gross appearance were observed. In both sexes of NaB groups, serum Na and Na/K ratios were increased.
Serum K was decreased in males of UPSN and NaB groups. Serum Zn was reduced
in the 2% UPSN group, while this reduction was observed at both inclusion rates
of NaB. Serum vitamin A was reduced in both NaB groups when compared to control. Serum vitamin E was increased in males and females of UPSN and NaB
groups. None of these differences were dose-dependent and parameters fell within
the normal clinical ranges. These results suggest that dietary inclusion of UPSN
and NaB does not result in overt toxicity. Research supported by USAID LAG-G00-96-90013-00 and NIH 1RO1MD005819-01.

1115

ETHANOL PRODUCTION FROM FUMONISINCONTAMINATED MAIZE GRAIN.

E. Bilsten and G. Munkvold. Plant Pathology, Iowa State University, Ames, IA.
The use of mycotoxin-contaminated grain in ethanol production can have multiple
implications, including inhibition of fermentation and lessening co-product quality. Dried distiller’s grains and solubles (DDGS), a co-product of maize ethanol
processing, are an important livestock feed component. Due to the conversion of
mass to ethanol and carbon dioxide during fermentation, the quantity of DDGS
obtained from maize ethanol processing is approximately one-third of the mass of
the original grain. Therefore, the concentration of fumonisins (a class of mycotoxins produced primarily by Fusarium verticillioides) is typically higher in DDGS
than in the original grain. This is a result of fumonisin heat stability and lack of
volatility under fermentation conditions. Fumonisins have detrimental health effects in a variety of livestock and, for this reason, their concentration in DDGS is
concerning. The accepted “rule of thumb” for mycotoxin concentration in DDGS
is a 3X increase from the original grain. A combination of ELISA and HPLC analysis of NDA-derivatized fumonisins was performed over three years of field trials revealing strong correlations between ground grain fumonisin levels and levels found
in resultant DDGS (R > 0.80 for all trials). The same analyses showed fumonisin
concentration in DDGS to be 2X, rather than the aforementioned 3X levels in the
original grain. This suggests that fumonisins may undergo structural alteration or
degradation during fermentation. Analyses of naturally infected grain with zero,
low (≤4 ppm), and high (>4 ppm) levels of fumonisin contamination showed a
trend of decreased ethanol production with increasing levels of fumonisins in the
fermentation broth (R > 0.80). Fermentation of fumonisin-contaminated maize
can result in negative impacts on process efficiency and on the quality and subsequent marketability of DDGS. Direct effects of fumonisins on yeast activity need
to be carefully evaluated.
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BORIC ACID INDUCES ER STRESS IN DU145
PROSTATE CANCER CELLS.

S. Kobylewski1, K. Yamada1, K. Henderson1 and C. Eckhert2. 1Molecular
Toxicology, University of California Los Angeles, Los Angeles, CA and 2Environmental
Health Sciences, University of California Los Angeles, Los Angeles, CA.
Boric acid (BA) is a dietary component found naturally in the environment. Low
levels reduce the incidence and mortality of prostate cancer. Our studies have
shown that low doses of BA significantly inhibit proliferation of DU145 prostate
cancer cells. At similar doses we see inhibition of calcium release from the ryanodine receptor (RyR) in the endoplasmic reticulum (ER) in response to RyR agonists. Stored calcium in DU145 cells was reduced by 22% when treated with 10
μM BA for 1 hour. Altered cellular calcium homeostasis can lead to acute ER stress
and, as a result, unfolded protein response (UPR) can be triggered due to unfolded
or misfolded protein accumulation. In this project our objective is to identify if
physiological levels of BA induce ER stress and UPR in DU145 cells. This response
may be a key to understanding the mechanism by which BA slows the proliferation
of these cells. Preliminary analysis of DU145 cells treated with BA indicates the
presence of ER stress and activation of the UPR. Multiple genes, including calreticulin, HERP, and EDEM1, which are controlled by the ER stress response element I
(ERSEI) and II (ERSEII) and the UPR response element (UPRE), respectively, are
significantly upregulated with 10 μM BA treatment. The UPR is detected through
analysis of the activation of the three UPR branches: PERK, ATF6, and IRE1.
Further research will include using western blot analysis, real time pcr, and immunofluorescence to study the activation and regulation of the plethora of proteins
and genes involved in these UPR branches.

1117

PROCOAGULANT AND PROTHROMBOTIC EFFECTS
OF HERBAL MEDICINE, DIPSACUS ASPER ON
HUMAN PLATELETS.

S. Kang, J. Song, K. Lim and J. Chung. Seoul National University, Seoul, Republic
of Korea.
Despite the growing popularity of herbal medicines and food supplements, their
adverse effects on cardiovascular homeostasis remain largely unknown, especially
regarding their pro-thrombotic risks. Here, through screening of the extracts from
21 herbal teas widely consumed, we discovered that Dipsacus asper (DA), previously known to have analgesic and anti-inflammatory efficacy may induce procoagulant activity in platelets, a critical promoter of thrombosis. Dipsacus saponin C
(DSC) was identified as the key active ingredient for DA-induced procoagulant activities through activity-guided purification.
Washed platelets were separated from healthy male donors’ blood. Procoagulant activity was measured. Exposure of phosphatidylserine (PS), microparticle (MP) generation, phospholipid translocation and intracellular calcium were measured by
flow cytometry. ATP levels were applied to luciferin/luciferase assay. Mitochondrial
membrane potential (ΔΨm), Bax translocation, cytochrome c release and caspase-3
activity were measured. In vivo venous thrombosis model, SD rats were treated with
DSC (10 and 25 mg/kg, i.v.).
DSC- and DA-induced procoagulant activities were achieved by the exposure of PS
and MP generation that were caused from the alteration in activities of scramblase
and flippase. These events were initiated by increased intracellular calcium and ATP
depletion. Notably, DSC induced a series of apoptotic events including the disruption of ΔΨm, mitochondrial translocation of Bax, cytochrome c release, and caspase-3 activation. Key roles of apoptosis and caspase activation were demonstrated
by the reversal of DSC-induced PS exposure and procoagulant activities with the
pretreatment of caspase inhibitors. These results were also confirmed in vivo where
the rats exposed to DSC exhibited ΔΨm dissipation and PS exposure in platelets.
Most importantly, DSC or DA treatment led to increased thrombus formation in
rat venous thrombosis model, demonstrating that herbal medicines or natural
products like DA or DSC might have prothrombotic risks through procoagulant
activation.

1118

SAFETY AND TOXICOLOGICAL EVALUATION OF A
NOVEL, WATER-SOLUBLE UNDENATURED TYPE II
COLLAGEN (NATUC-II™).

M. Bagchi1, O. Yoshinari3, H. Moriyama2, Y. Shiojima3 and P. A. Marone4.
1R&D, NutriToday LLC, Mississauga, ON, Canada, 2Showa Pharmaceutical
University, Tokyo, Japan, 3Rusyendo & Co, Tokyo, Japan and 4Eurofins/Product
Safety Labs, New Jersey, NJ.
The present study was conducted to examine the safety of a novel, water-soluble
undenatured type II collagen (NATUC-II), derived from chicken sternum cartilage. The presence of epitope in NATUC-II was confirmed by using a commercial
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kit, Native Type Collagen Capture kit (Astarte Biologics, LLC (WA 98073-2308,
USA). The present study evaluated the broad-spectrum safety of NATUC-II using
a variety of toxicological assays including acute oral, acute dermal, primary skin irritation, and primary eye irritation toxicity. Under the conditions of the study, the
acute oral LD50 of NATUC-II was found to be greater than 5,000 mg/kg body
weight in rats, while the single dose acute dermal LD50 of NATUC-II was greater
than 2,000 mg/kg body weight. The primary dermal irritation index (PDII) of
NATUC-II was found to 1.8 and classified as slightly irritating to the skin. In primary eye irritation studies, the maximum mean total score (MMTS) of AC was observed to be 7.3 and classified as minimally irritating to the eye. Furthermore, two
experiments were conducted to assess the potential of NATUC-II (5000 mg/mL
was selected as the highest concentration) to induce mutations with and without
metabolic activation at the mouse lymphoma thymidine kinase locus using the cell
line L5178Y. No biologically relevant increase of mutants was found after treatment with NATUC-II. Also, no dose response toxicity was observed. Furthermore,
colony sizing showed no clastogenic effects induced by NATUC-II under the experimental conditions. These studies demonstrated the broad spectrum safety of
NATUC-II. (This study was sponsored by Ryusendo Co., Ltd, 2-12-1 Minami-ikebukuro, Toshima-ku, Tokyo 171-0022, Japan)
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REVAMPING THE LAB EXPERIENCE IN A
TOXICOLOGY COURSE.

M. J. Pomeroy-Black. Biology, LaGrange College, LaGrange, GA.
As a junior professor, it is difficult to create and implement Toxicology course-related laboratory activities that require the students to think critically about an experiment. This is compounded when resources and funding are limited. Using student feedback, a professor can revamp the laboratory experience from “cookbook”
to “inquiry.” Lab activities used the first time the course was taught were taken
from various sources such as books and articles. At the end of the course students
indicated that the lab experiences did not give them a sense of what a toxicologist
does and none of them seemed inclined to pursue graduate school. Improving students’ feedback and perception of toxicology required revamping the lab such that
the activities were inquiry-driven. After establishing a baseline of knowledge, including serial dilutions and dose-response, the students designed and implemented
an experiment that was completed during the semester. This lab experience yielded
positive student feedback and nearly 25% of the class indicated they were considering pursuing graduate school in toxicology. Knowing of the successes and pitfalls of
revamping a toxicology lab experience will allow the toxicology education community to improve students’ feedback and perception of toxicology, as well as encourage critical thinking.

1120

COMMUNITY RESEARCH RALLY BRINGS
TOXICOLOGY EDUCATION TO A RURAL
COMMUNITY IMPACTED BY ASBESTOS EXPOSURES.

J. C. Pfau1, K. Serve1, K. Rowse2 and B. Black2. 1Biological Sciences, Idaho State
University, Pocatello, ID and 2Center for Asbestos Related Diseases, Libby, MT.
Educational outreach is a critical component of research using human populations
that have been impacted by toxic exposure. The community of Libby MT has suffered health issues as well as psychological and economic impacts due to amphibole
asbestos exposure from the mining of asbestos-contaminated vermiculite. Several
strategies have been used by researchers over the years to increase the education and
interaction with residents of Libby and surrounding areas. One of the most successful endeavors has been the Libby Research Rally. This annual event is free and
open to the public, and in the fall of 2010, over 300 people attended from a community of under 10,000, ranging from young children to elderly adults. The 2011
rally will occur on October 13. The Rally consists of a) hands-on learning activities
for all ages regarding asbestos and its toxic effects, physiology of the lung, and the
kinds of testing that researchers are doing, b) booths manned by the researchers
themselves, who answer questions about the objectives, methods, and current status
of the research, c) open discussion panels of experts from EPA, ATSDR, physicians
and researchers to field community questions and concerns. Participation is encouraged through the use of games, gift, prizes, and fun food. The Rally is hosted
by the Center for Asbestos Related Diseases (CARD) in Libby, under sponsorship
from federal grants supporting research in the community. The positive response
and feedback from this event has demonstrated its success in improving community
interaction with research and providing a forum that allows individualized access to
research and toxicology information.

1121

EUROPEAN MODULAR EDUCATION AND TRAINING
PROGRAM IN SAFETY SCIENCE FOR MEDICINES.

C. Wilhelm1, P. Detilleux2, L. A. Cornes3, J. A. Piner4 and D. R. Dietrich1.
1Human & Environmental Toxicology, University of Konstanz, Konstanz, Germany,
2R&D, Sanofi, Vitry-Sur-Seine, Paris, France, 3R&D – Alderley Park, AstraZeneca,
Macclesfield, United Kingdom and 4R&D, GlaxoSmithKline, Ware, United Kingdom.
SafeSciMET presents a new and unique pan-European education and training network, developing and establishing a comprehensive modular Safety Sciences for
Medicines Education & Training Program. SafeSciMET is a joint effort between
academia and pharmaceutical industry and bridges crucial gaps in the education
and training of scientists evaluating the safety of drug candidates and new medicines. SafeSciMET delivers a new, high quality and sustainable program for education and training in Safety Sciences for Medicines, with emphasis on actual industry case studies. The program encompasses training as a one week on-site course
followed by one week worth of home assignments in translational and integrated
safety assessments as needed in drug development and usage.
SafeSciMET courses are open to all scientists from industry, academia and regulatory agencies. The applicants should have an MSc degree in a Life Science discipline or equivalent. In addition, applicants are expected to have at least one year’s
work experience in a related discipline. For other participants no formal entrance
requirements are set, although a scientific back-ground with at least an honors degree level is recommended.
SafeSciMET ensures that Europe’s biomedical education landscape has maximum
support in revolutionizing the conventional drug discovery and development paradigm. SafeSciMET provides novel competences in translational safety sciences, an
aspect found largely lacking in today’s educational programs. It leads to a new generation of safety scientists who are able to perform holistic and critical evaluations
of the safety of drug candidates and new medicines. Linking animal and human
data more effectively, in vitro and in vivo, will contribute to a better understanding
of drug safety and how to bridge and make best use of animal and human data collected in drug development and safety assessment.
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USE OF BISPHENOL—A IN LABORATORY-BASED
UNDERGRADUATE LEARNING EXPERIENCES.

M. E. Kirkpatrick. Psychology and Neuroscience, Wheaton College, Norton, MA.
Sponsor: T. Dodd-Butera.
Undergraduate education provides unique opportunities to expose students to current issues in toxicology in meaningful ways in both the laboratory and the classroom. In particular, students gain valuable experience developing research questions with a specific focus on hypothesis-testing and experimental design. Two
projects were designed to involve students in toxicology research examining the impact of the proposed endocrine-disruptor, bisphenol—A (BPA), on hormone-dependent reproductive behaviors in female rats. Project 1 (Independent Research):
Three students worked with a faculty mentor to develop and execute a series of experiments focused on the behavioral impacts of BPA on estrogen-dependent reproductive behaviors in adult female rats. BPA, acting as an environmental estrogen,
was hypothesized to affect the normal display of sexually receptive and proceptive
behaviors. Different experimental paradigms were utilized to explore the effects of
varied BPA doses, acute vs. chronic BPA exposure and possible role of endogenous
hormone levels on the impact of BPA exposure. The student experience was extremely positive and resulted in presentation of data in both academic and professional meetings. Project 2 (Classroom-based research project): Based on the success
of the independent research project, a toxicology-based project will be added to behavioral endocrinology unit of an upper-level laboratory behavioral neuroscience
course. Students will work as a class to develop a simple experimental design testing
the impact of acute BPA exposure on estrogen-dependent reproductive behaviors.
Students will surgically remove ovaries from adult female rats and test the ability of
ovarian hormones to reinstate spontaneous reproductive behaviors both in the presence of BPA and alone. Previous versions of this teaching module have been extremely successful and published in the Journal of Undergraduate Neuroscience
Education. The addition of a toxicology-based hypothesis will serve to strengthen
the activity and emphasize the application to lab research to “real-world” applications.

1123

COLLECTION OF WEB RESOURCES FOR THE
TEACHING OF TOXICOLOGY.

M. Reynolds. Biology, Washington College, Chestertown, MD.
It is becoming increasingly clear that we need to enhance our education of toxicology at the undergraduate level. In order to aid in this process the Undergraduate
Education Subcommittee for Web Resources is gathering toxicology teaching mate-

rials for instructor use. The committee has finalized criteria for the submission and
review of web resources and is in the process of collecting the following resources:
syllabi, lectures, lab activities, and assessment tools. These resources are currently
being reviewed by the members of the subcommittee and organized in ToXchange
to create a searchable database. I will highlight the resources collected by the group
and discuss how they can be used by instructors for the development of new courses
in toxicology at the undergraduate level. In addition, I will demonstrate how the
group is utilizing ToXchange for the purposes of both resource organization and accessibility.
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DEVELOPMENT OF A CRITICAL THINKING TOOL
FOR UNDERGRADUATES RELATED TO ONLINE
DATABASE SEARCHES.

S. M. Ford. College of Pharmacy & Allied Health Professions, St. Johns University,
Jamaica, NY.
An essential skill for students in scientific disciplines is information literacy, which
includes identifying, locating, evaluating, and using needed resources. Standard 2
of “Information Literacy Competency Standards for Higher Education”
(Association of College & Research Libraries, 2000) states “The information literate student accesses needed information effectively and efficiently.” Students enter
college with a diverse set of skills for composing term papers and may be ill-prepared for literature searches required in science courses. The current learning instrument was developed to provide students in a 2nd year toxicology course with a
self-paced assignment designed to improve information retrieval competencies and
to promote critical thinking skills related to library research. Students are first oriented in the classroom to the resources available through the University library.
They are then given the assignment -a “Library Scavenger Hunt”- comprised of ten
questions which can be answered using the university’s online databases. Questions
guide students to compare search results using different strategies and databases,
and to find answers to specific questions. The final question is a short text passage
drawn from current events with instructions to formulate a question and a search
strategy to answer it. Students have 7-10 days to finish the assignment, which is
evaluated by the instructor and returned with feedback. At its completion, students: a) are familiar with the logic and logistics of the databases, b) have learned
how to perform more effective searches, c) know how to obtain the articles retrieved
by their searches, and d) have hands-on experience with different databases. By
using a problem-based learning strategy, students are better prepared to execute sophisticated searches for their term papers and other assignments. The project is further described at http://stjohns.campusguides.com/LibraryScavengerHunt and was
supported by a Department of Education Title III grant (P031A050301) to St.
John’s University.

1125

TOXICOLOGY AND PUBLIC HEALTH: A CONCEPTUAL
FRAMEWORK FOR POLICY UTILIZING A LOGIC
MODEL.

T. Dodd-Butera. Nursing, California State University, San Bernardino, College of
Natural Sciences, San Bernardino, CA.
Background: Current threats to funding for various public health agencies may impact the discipline, education, and practice of toxicology. Addressing methods of
presentation and evaluation of programs are needed for clarification of the value of
targeted funding in toxicology. A logic model provides an illustration of an underlying conceptual framework and the logical connection within and between systems. Methods: A logic model was utilized to analyze the policy of decreasing
spending for public health measures that impact selected programs for toxicology.
An underlying assumption was that a range of toxicology programs serve core functions and provide essential public health services. Inputs included stakeholders and
resources impacted by the policy to decrease public spending. The logic model also
considers negative outcomes, when decreased funding levels lead to the elimination
of access to various types of toxicology programs. Results: Immediate impact of decreased public spending would deny access to certain essential public health services, particularly significant to vulnerable populations. Short and long-term outcomes would include decreased utilization of appropriate resources when funding is
cut for clinical toxicology services, and an accompanying increase in costs and imposition on emergency services and resources, respectively. In addition, there is an
impact on the future strategies and directions for community environmental
health, an absence of some preventive services, and obstacles presented for educating future toxicologists when a broad range of toxicology programs are considered.
Conclusions: Logic models can be effective in establishing conceptual frameworks
for shaping policy for public health, specifically addressing toxicology programs.
The visual frame of reference clarifies the basis of fiscal policy, and gives perspective
to long term impacts on budget, despite the short term reduction in spending.
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JACKSONVILLE ASH SITE TOXICOLOGY TRAINING
TO IMPROVE KNOWLEDGE OF THE LAY
COMMUNITY.

A. Becker1, S. Suther1, G. Pawlowicz2, F. Close1, K. Haire1, C. Michael1, G.
Tucker2, C. Harris1 and A. Hilliard2. 1Institute of Public Health, Florida A&M
University, Tallahassee, FL and 2Environmental Health, Duval County Health
Department, Jacksonville, FL.
Introduction: For more than 60 years, the City of Jacksonville, Florida burned its
solid waste in incinerators depositing lead, arsenic, polyaromatic hydrocarbons
(PAHs), dioxins in landfills near residences, playgrounds, parks and schools.
Contaminants in the surface water, ground water, sediments,contaminated fish and
shell fish in contaminated creeks are of concern to the community.
Methods: The major goal of this project was to plan, develop, and implement a sustained community-based and culturally sensitive environmental health and toxicology educational program through proactive outreach and training of community
stakeholders (train-the-trainer approach) impacted by the Jacksonville Ash sites. A
pre-and post-test was developed to measure knowledge gained as well as a participant satisfaction survey. In all steps of the development of the Toxicology materials,
the Duval County Health Department and community leaders had direct input.
Results: The majority of participants strongly agreed that the Community
Toxicology Curriculum is a useful tool for promoting awareness of potential environmental risks in their community. Suggestions for improvement included using
terminology more appropriate for the lay community, developing a website and a
brochure for the communities impacted by the ash sites. Based on the pre/post test,
there was a 24% average learning gain for the “train-the-trainer” session and a 46%
average learning gain for the community resident training session.
Conclusion: Racial and socioeconomic disparities of minorities living near hazardous waste sites have historically and continue to raise health concerns regarding
the disproportionate impact of probable and potential exposures to toxic substances
emitted from these sites. One of the key gaps is the lack of knowledge regarding the
toxicology and health impact of environmental contaminants amongst the community. Grant funded by ATSDR 5 R01/TS000108-02
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EXPLORING TOXICOLOGY: TEACHING HOW BASIC
TOXICOLOGY IS PRESENT IN EVERYDAY LIFE.

K. Blanke, B. Johnson and E. Shanle. Molecular & Environmental Toxicology
Center, University of Wisconsin – Madison, Madison, WI.
The Molecular & Environmental Toxicology (MET) graduate program has participated in toxicology outreach events to promote a better understanding of toxicology to children and members of the local community. Graduate students provide
learning opportunities through several activities which include a demonstration of
“toxin” uptake in carnations and a game called Tox Land. In the carnation activity,
colored dye is added to the water of white carnations. As the carnations take up the
water, the dye accumulates in the petals. Learning goals for this activity are age dependent and include the concept that plants take up “toxins” present in the water
and soil. The concept of differential uptake rates is exemplified by the use of different dye colors. For more advanced groups, the concepts of bio-accumulation and
partitioning are also presented. Tox Land is a game that takes participants on a path
through global events related to toxicology. During their journey, participants are
given cards containing different events that happen in daily life and are asked to determine if they will have positive or negative effects on people, animals, and the environment. These cards allow the participants to move forward and backward along
the Tox Land path while learning about toxicology at a personal level. The learning
goals for Tox Land include that participants are informed about toxicologically relevant events that have occurred at a global level and discuss how every day events
have a toxicological effect on people, animals, and the environment. Both the toxin
uptake activity and Tox Land will be evaluated to determine if the learning goals of
each event are achieved at after school programs in the Madison area. Elementary
and middle school students at these after school events will fill out surveys, with
questions specific to our learning goals, after participating in each event. The MET
program will utilize the assessments to improve the activities and continue to inform the public about toxicology.
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RESOURCES FOR TOXICOLOGY K–12 EDUCATION
OUTREACH: UPDATING THE SOT K–12 WEBSITE.

A. Slitt1, T. Fick2, M. R. Gwinn3 and J. Matheson4. 1University of Rhode Island,
Kingston, RI, 23M, Saint Paul, MN, 3Office of Research & Development, US EPA,
Washington, DC and 4Consumer Product Safety Commission, Bethesda, MD.
The Society of Toxicology’s Education K–12 Sub-committee is updating our
Website to increase our support for K–12 education activities, to share resources
across the membership and with the public, and to increase our effectiveness as we
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interact with educators, parents and students. One main goal is to work with the
Society membership to create the most useful resource Website to help support excitement for toxicology through K–12 education outreach. Ideally, this Website
would be accessible to the public, easily searchable and contain hands-on activities,
PowerPoint presentations and recommendations for increasing K–12 education
outreach. Many SOT members are active in toxicology outreach, and many more
would like to be but don’t know where to start. Working with Society members, we
will update the SOT Website to include links to successful activities, such as past
Annual Meeting activities and ongoing Regional Chapter outreach activities. This
resource Website will serve as a tool for those interested in getting involved in K–12
education outreach, as well as for those interested in learning more about what toxicologists do. The World Wide Web is a powerful tool that can educate and provide
education and information. We want to utilize it to make K–12 education outreach
available to members and educators across the globe. This presentation is an opportunity to make meaningful impacts throughout the Society to increase understanding of our efforts, to share the importance of our work, and to encourage future scientists who are dedicated to this work. We need your excitement and interest – get
involved, contact us! The views expressed in this abstract are those of the author’s
and do not necessarily represent the views or policies of the US Environmental
Protection Agency or other affiliations.
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TEACHING TOXICOLOGY TO TEENS IN TUCSON.

M. Lindsey. Southwest Environmental Health Sciences Center, University of Arizona,
Tucson, AZ. Sponsor: S. Lau.
Rationale and Scope: Tucson has a large Superfund site located in the Sunnyside
School District (SUSD), where many of the student’s parents and grandparents
were affected by illnesses associated with TCE contamination of the drinking water.
The contamination occurred from improper waste disposal at the Tucson
International Airport between the 1940s to the 1970s. A citizen’s group, the
Unified Community Action Board (UCAB), was formed in the 1980s to monitor
the contamination clean up. This project developed and implemented curriculum
to improve high school education around environmental health and toxicology by
focusing on the TCE contamination. Approach: In 2005, the UCAB requested the
author, a board member; assist them teach the youth in Tucson about the issue of
TCE contamination. They supported a grant application, awarded by the US EPA
in 2008 (#NE969435010), to develop curriculum using an Understanding by
Design (Wiggins & McTighe, 1998) approach. The UCAB developed the Essential
Understandings to be taught. Teachers from the SUSD wrote interdisciplinary lessons, addressing toxicology in integrated science, biology, and chemistry lessons
and environmental public health in social studies, government, and language arts
lessons. (http://coep.pharmacy.arizona.edu/tce/). Results: Subsequently the author
worked with some teachers to implement lessons in the high schools. In 2009 the
school board mandated use of the lessons to teach about the TCE contamination.
Students have created digital stories from family interviews; have demonstrated
clean up methodologies to the UCAB, and have developed posters for public meetings, such as the opening of treatment plants. The author and one of the teachers
presented the curriculum at the National Science Teachers Association in 2009,
“Removing Trichloroethylene from the Groundwater.” To achieve full implementation of the lessons, an online training program for all teachers is being developed to
facilitate teaching the lessons in 2012 spring semester. References: Wiggins, G., &
McTighe, J. (1998). Understanding by Design.
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TOXICOLOGY K–12 EDUCATION OUTREACH: AN
UNDERUTILIZED OPPORTUNITY WITH ENORMOUS
POTENTIAL BENEFITS.

M. R. Gwinn1, R. Ponce2, C. Sulentic3, T. Wang4 and J. Matheson5. 1Office of
Research & Development, US EPA, Washington, DC, 2Amgen, Seattle, WA, 3Wright
State University, Dayton, OH, 4Novartis, Emeryville, CA and 5Consumer Product
Safety Commission, Bethesda, MD.
The Society of Toxicology’s Education K–12 Subcommittee is partnering with
K–12 education liaisons in each Regional Chapter in an effort to 1) increase our
support for K–12 education activities in every region; 2) share resources across regions; and 3) increase our effectiveness as we interact with educators, parents and
students. Forming this interaction will facilitate a functional understanding by the
public of the essential role of toxicology in a diverse range of activities and challenges that affect our health and our environment. Summarized below are the goals
of this partnership:
Development of education sub-committees within
Regional Chapters with the goal of mentoring students and conducting outreach
activities as well as training others interested in participating in outreach activities;
Establish K–12 educator advisory bodies to shape outreach efforts and identify outreach opportunities and to increase and assess effectiveness; Identify and partner

with science education affiliates in each region to share resources, highlight the interaction of toxicology with other disciplines affecting health and the environment;
and, share resources across the regions through the Regional Chapter Collaboration
and Communication Committee, which is comprised of leadership from all the
Regional Chapters. This is an opportunity to make a meaningful impact throughout the nation and to increase the understanding of toxicology, the importance of
K–12 outreach, and the need for new scientists who are dedicated to these efforts.
We need your excitement and interest–get involved, contact us!The views expressed
in this abstract are those of the author’s and do not necessarily represent the views
or policies of the US Environmental Protection Agency or other affiliations.
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DOES INSTITUTIONAL SIZE MATTER? EXAMINING
THE INFLUENCE OF ENVIRONMENTAL HEALTH
ACCREDITATION ON UNDERGRADUATE
TOXICOLOGY CURRICULA.

B. W. Brooks. Baylor University, Waco, TX.
The Society of Toxicology increasingly recognizes the importance of integrating
toxicology principles throughout the academy. Because toxicology degree programs
are uncommon at the undergraduate level in North America, an initial study examined sixteen institutions of higher learning in Texas. These universities and colleges
were partitioned by Carnegie classification (Doctoral Research (n=8); or
Masters/Larger, Masters/Smaller, Baccalaureate (n=8)) and further grouped as either private (n=4) or public (n=4) colleges and universities. Current undergraduate
course catalogs were examined for topics relevant to toxicology (toxicology, risk assessment, risk communication, environmental health/environmental public health,
environmental (or water) quality (or pollution)). Curricula for environmental
health science programs accredited by the National Environmental Health Science
and Protection Accreditation Council (EHAC) were also examined. For non-accredited programs, undergraduate curricula with toxicology and environmental
health relevant topics were significantly greater (p < 0.05) with increasing student
enrollments and at doctoral research universities. Only four risk assessment courses
were observed; each was offered at the doctoral university level. For EHAC accredited programs, toxicology coursework was specifically required, and curricula in risk
assessment, epidemiology and other areas of environmental health science appeared
robust, regardless of the size of the institution. For example, undergraduate toxicology curricula at Texas Southern University, the oldest accredited environmental
health program in Texas, compares well to research flagship doctoral universities in
the State. Findings from this study indentify deficits in environmental health, toxicology and risk curricula at the undergraduate level. Undergraduate programs accredited by EHAC in environmental health science appear poised to advance toxicology education to undergraduates.

the U.S. Department of Health and Human Services, Office of the Assistant
Secretary for Preparedness and Response (ASPR) - Office of Preparedness and
Emergency Operations (OPEO) and NLM’s Division of Specialized Information
Services (NLM SIS).]
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B. Sattler. Environmental Health Education Center, University of Maryland School of
Nursing, Baltimore, MD. Sponsor: T. Dodd-Butera.
The integration of toxicology and environmental health into nursing has been initiated with a number of activities. A multistate initiative was created to teach nursing faculty basic environmental health and toxicology principles. The University of
Maryland created the first graduate program in environmental health in a nursing
school. Nursing researches have been awarded applied research grants in environmental health including healthy homes and research on agricultural exposures, and
the National Children’s Study. Nurses are including environmental exposure assessments in patient electronic health records; engaged in environmentally preferable
purchasing decisions; and advocating for legislation to decrease environmental exposures from toxic chemicals.
All nurses must take pharmacology. A side-by-side comparison of the basic scientific principles of toxicology and pharmacology was created for nurses. Translational
articles are being written by nurses. There is a distinct disconnect between the science that is published in environmental science and toxicology journals and what is
published in medical and nursing journals. While some of the science has direct
implications for clinical practice, it is rare that the translational articles appear in
the journals that clinicians read.
The American Nurses Association (ANA) has created a set of environmental health
principles and in 2010 the ANA created a distinct nursing practice standard for
Environmental Health thus firmly placing environmental health in the nursing
profession’s domain.
In 2009, the Alliance of Nurses for Healthy Environments was created and an educational roadmap was developed for the integration of environmental health and
toxicology into nursing education and a new webtool was created:
www.enviRN.org . Nurses are the predominant employees in the health care sector.
One in every one hundred Americans is a Registered Nurse. The benefits of having
nurses tooled up to address environmental health, with a basic understanding of
toxicology, can have a significant benefit.
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THE US NATIONAL LIBRARY OF MEDICINE’S
EMERGENCY RESPONSE AND EMERGENCY MEDICAL
MANAGEMENT TOOLS. EDUCATIONAL AND
TRAINING COMPONENTS, AND OTHER CONTENTS.

P. J. Hakkinen1, F. Chang1, J. Pakiam1, G. Fonger1, O. Kroner2, A.
Wullenweber2 and A. Maier2. 1National Library of Medicine, National Institutes of
Health, Bethesda, MD and 2Toxicology Excellence For Risk Assessment, Cincinnati,
OH.
The mission of the (U.S.) National Library of Medicine (NLM) is to collect, organize, preserve, and disseminate health-related information. NLM’s efforts to assist first responders and others include three tools for emergency response that are
provided free to users. These tools in NLM’s “disaster-response triad” include
WISER (Wireless Information System for Emergency Responders), REMM
(Radiation Emergency Medical Management), and CHEMM (Chemical Hazards
Emergency Medical Management). WISER, REMM, and CHEMM are designed
to be easy to use, intuitive, and able to provide accurate, trustworthy information
when and where it is needed, e.g., on-site for first responders at an emergency.
WISER’s focus is to assist first responders in hazardous material incidents involving
chemicals, while REMM and CHEMM enable first responders, first receivers, and
other healthcare providers to plan for, respond to, recover from, and mitigate the effects of mass-casualty radiation and chemical incidents, respectively. Each tool includes extensive educational and training resources. NLM’s efforts to provide easy
access to this information include the development of downloadable and Webbased versions of WISER, REMM, and CHEMM, and the development of WISER
and REMM apps for iPhone, BlackBerry, and Android smartphones. This poster
focuses on presenting an overview of CHEMM’s educational and training components, which have continued to evolve and be enhanced since CHEMM’s public release in July, 2011. WISER’s and REMM’s educational and training content will
also be noted. [CHEMM and REMM are the result of collaborative efforts between

INTEGRATING TOXICOLOGY AND ENVIRONMENTAL
HEALTH INTO BASIC AND ADVANCED NURSING
EDUCATION.

OUTREACH AND EDUCATION PROGRAMS
DESIGNED TO IMPROVE THE DIAGNOSIS,
TREATMENT, AND REPORTING OF PESTICIDERELATED ILLNESSES IN CALIFORNIA.

C. B. Salocks, J. Wisniewski, W. Ngai and A. M. Fan. Office of Environmental
Health Hazard Assessment, California EPA, Sacramento and Oakland, CA.
Although 1000-2000 cases of pesticide-related illness are reported annually in
California, under-reporting remains a concern. To help address this problem, the
Office of Environmental Health Hazard Assessment (OEHHA), as mandated by
California law, has developed and implemented a program of medical education to
inform physicians and other health care professionals of the diagnosis and the treatment of pesticide illnesses and the requirement to report them. OEHHA’s program
consists of on-site presentations by staff; an on-line course in English and Spanish
(www.mededpesticide.org) that provides an overview of the recognition, management and reporting of pesticide illness; and a specialized on-line course on the
California Medical Supervision Program, a cholinesterase monitoring surveillance
program established in the 1970s to prevent acute illness among agricultural pesticide mixers, loaders, and applicators who handle the more toxic organophosphate
or carbamate pesticides. Medical professionals who have taken the courses include
physicians, registered nurses, medical students and residents, physician assistants,
and emergency first responders. Continuing medical education credits are offered
for on-line courses. Other educational materials, including posters and brochures,
specifically target the general public, and provide brief descriptions of symptoms
and instructions for obtaining medical attention. Another specialized course, which
will soon be available on-line, is for medical professionals who staff the California
Poison Control System call centers. The call centers receive and log phone calls related to pesticide exposures and California’s Urban Pest Eradication Programs, and
electronically report them to OEHHA, the California Department of Pesticide
Regulation, and the local county health and agricultural departments. OEHHA is
continuing to explore ways to enhance its educational offerings and outreach to inform the health care community of the availability of these resources.
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RISK AND DECISION MAKING: A WORKSHOP FOR
ENVIRONMENTAL PROFESSIONALS.

M. Wade, K. C. Day, E. Sciullo, B. Davis and T. Behrsing. Department of Toxic
Substances Control, Cal/EPA, Sacramento, CA.
In the early 1990s, a training workshop for environmental professionals was developed in USEPA Region 9. The workshop was successfully taught throughout
Region 9, especially in California through collaboration with the California
Department of Toxic Substances Control and other California regulatory agencies.
We have updated the manual to introduce changes in risk assessment methods, including the evaluation of vapor intrusion into indoor air, benchmark dose, new
cancer guidelines, inhalation toxicity criteria (USEPA RAGS Part F), ecological risk
assessment, screening risk assessments, conceptual site models and data quality objectives. At the same time, we have maintained the popular workshop format in
which students evaluate the information and draw conclusions, rather than being
lectured on the “correct” answer. We have also maintained the case study approach
to simulate realistic environmental issues. After an introduction to the case study
facility, environs, and contaminants, students must plan a sampling strategy.
Students are introduced to principles of toxicology and learn how to develop toxicity criteria based on hypothetical animal study results. Exposure pathways are identified by students who learn to develop quantitative estimates of exposure. Once
students have determined risk and hazard estimates, they must consider remedial
alternatives. At the end of the evaluation process, role playing is used to develop risk
communication skills. This workshop has proven to be effective for training new
employees and providing continuing education for more experienced employees. It
has been successful in training staff in consulting and in military organizations, as
well as in a variety of regulatory settings. Participants in the workshop benefit from
exchanging knowledge and viewpoints of a range of skills and backgrounds (supervisors, project managers, toxicologists, geologists, engineers, public participation
experts, etc). The workshop format fosters these exchanges and provides a dynamic
learning environment for students.
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CONTRIBUTION OF PHYSICOCHEMICAL
PROPERTIES TO AUTOPHAGY PERTURBATION.

R. Ashoor, B. A. Jessen and S. Lu. Pfizer Inc., San Diego, CA.
Autopahgy refers to the catabolic processes in eukaryotic cells that deliver cytoplasmic materials to lysosomes for degradation. This highly conserved process is involved in the clearance of long lived proteins and damaged organelles.
Consequently, autophagy is important in maintaining cellular homeostasis, providing nutrients to maintain cellular function under starvation, and promoting cell
survival in various stress conditions. Multiple mechanisms have been shown to regulate autophagy, such as mTOR pathway modulation. However, the link between
lysosome functional impairment and the ensuing impact on the autophagy process
has not been fully explored. Basic lipophilic compounds can accumulate in lysosome via pH partitioning and then perturb lysosomal function. We hypothesized
that those compounds can disturb the autophagy process. Twelve drugs that have
previously been shown to accumulate in lysosomes were selected. Cytotoxicity was
evaluated using an ATP depletion assay and autophagy was assessed with LC3 immunofluorescent staining. All twelve drugs induced cytosolic vacuoles and increased staining of LC3. The connection between the increase in autophagosome
staining and lysosomal dysfunction was studied using transcriptomic analysis. Gene
expression profiles from all tested drugs revealed a downward trend of expression of
plentiful long lived proteins, including structural cytoskeleton and associated proteins, and extracellular matrix proteins, indicating a retardation of protein turn
over. Interestingly, various antioxidant response element containing genes, including glutathione S-transferase, NAD(P)H dehydrogenase, and quinone 1, were upregulated, suggesting activation of the Nrf2 transcription factor. Our data indicates
that lysosomal accumulation due to the basic lipophilic nature could contribute to
the perturbation of autophagy process.
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ASSESSING SELECTIVITY OF COVALENT
IRREVERSIBLE B-LACTAMS AND B-LACTAMASE
INHIBITORS USING ACTIVITY-BASED PROTEIN
PROFILING.

C. W. Scott1, D. Ehmann2, A. Kimzey1 and Y. Dragan1. 1Safety Assessment,
AstraZeneca Pharmaceuticals, Waltham, MA and 2Infection Bioscience, AstraZeneca
Pharmaceuticals, Waltham, MA.
A significant number of drugs and candidate drugs acylate catalytic amino acids
(ser, thr, cys) in enzyme targets resulting in irreversible inactivation. Optimizing
this mechanism of action requires balancing chemical reactivity (to minimize offtarget binding) with target affinity. Assessing off-target binding using traditional
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one-target-one-assay approaches can be a challenge due to the large size and structural diversity of some enzyme families, e.g. serine hydrolases (SerH) contain >200
members. Activity-Based Protein Profiling (ABPP) uses an enzyme class-specific
and active site-directed probe to detect enzymes in the catalytically active state.
ABPP can be used to assess inhibitor selectivity across an enzyme family using pure
enzymes as well as complex biological samples (Nature Biotechnology, 2003,
21:687). Both b-lactams and B-lactamase inhibitors (BLIs) bind irreversibly to a
catalytic serine in their bacterial enzyme targets, so off-target binding to the mammalian SerH proteome can be studied using ABPP. A biochemical fingerpint of active SerH in rat tissue extracts (brain, lung, liver, heart, kidney, testes) was generated
using the probe compound fluorophosphonate-rhodamine and utilizing SDSPAGE with in-gel fluorescence scanning. Pretreating recombinant enzymes (thrombin, trypsin) and tissue extracts with tool compounds (thrombin and trypsin inhibitors, PMSF) blocked labeling by the probe, demonstrating specificity.
Marketed BLIs (sulbactam, tazobactam, clavulanate) and a b-lactam (faropenem)
did not affect the SerH biochemical fingerprint in rat tissues, consistent with their
clean safety profile in vivo. A BLI in clinical development (MK-7655) also showed
a clean ABPP profile. This method for assessing off-target activity has application as
an early in vitro screen to aid in series prioritization and lead optimization. In addition, ABPP can be performed in vivo to enable translational assessment of off-target
binding.
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AUTOMATED IMAGE-BASED ACTION POTENTIAL
AND CALCIUM TRANSIENT ANALYSIS FOR CARDIAC
SAFETY ASSESSMENT.

F. Cerignoli1, 2, R. Whittaker2, P. McDonough2, R. Ingermanson2, M. Mercola1
and J. H. Price1, 2. 1Sanford-Burnham Medical Research Institute, La Jolla, CA and
2Vala Sciences Inc., La Jolla, CA.
Currently available analysis for cardiac safety assessment rely on scarcely biological
relevant high throughput assays or utilize complex and time consuming electrophysiological techniques that analyze only few cells or conditions at a time. The
first approach downsizes the importance of multiple ion channel activity on the
Action Potential and the second is of scarce utility in the early phase of the drug development process. To enable High Throughput measurements of parameters relevant to cardiac activity, we have developed a Kinetic Image Cytometer (KIC) for simultaneous dynamic imaging and automated cell-by-cell analysis of intracellular
Action Potential and Calcium Transient. The instrument automatically electrically
field-stimulates and records fluorescence emitted from intracellular voltage and calcium probes from hundreds of cardiomyocytes per well in multi-well format. The
associated software segments the acquired images and measures fluorescence dynamic on individual cells and performs statistical analyses on the entire cell population or gated subsets. Post-fixation staining and single-cell tracking enable direct
correlation between dynamic parameters and cell subtype. Here we report the use
of KIC for measuring the effect of Na+, K+ and Ca2+ channel blockers (e.g. flecainide, E-4031, dofetilide and verapamil) and activators (NS 1463 and Bay K
8644) in hiPSC (human induced Pluripotent Stem Cell)-derived cardiomyocytes.
RH421 (Action Potential) and Fluo-4 (Calcium Transient) fluorescent probes were
loaded simultaneously and acquired from the same field of view for cells seeded in
96-well plates. Post-recording staining with atrial, ventricular and nodal markers in
mixed populations identifies kinetic characteristics and drug effects that are related
to specific cardiac cell subtypes. Our results suggest that this new high content approach can have a profound impact in the field of early in vitro cardiac safety assessment.
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IDENTIFICATION OF DRUGS CAUSING CLINICALLY
SERIOUS DRUG-INDUCED LIVER INJURY (DILI)
USING IN VITRO APPROACH WITH PRIMARY HUMAN
HEPATOCYTES.

J. Zhang1, D. Utkarsh2, M. Chen1, U. Laforge2, H. Fang3, A. P. Li2 and W.
Tong1. 1NCTR/FDA, Jefferson, AR, 2APSciences Inc., Columbia, MD and 3Z-Tech,
an ICF International Company at NCTR, Jefferson, AR.
Clinically serious DILI is a major cause of early termination of drug development
and of FDA regulatory action against marketed drugs. The FDA’s guidance expresses specific concerns about clinically serious DILI. In this study, we evaluated
the utility of primary human hepatocytes in assessing it. The unique aspects of this
study are: 1) a large number of drugs surveyed to predict serious DILI, 2) multiple
doses used so that a cumulative measure of drug effect can be quantified by area
under the curve (AUC), and 3) individual mechanistic endpoints evaluated to associate mechanism(s) with serious DILI. Based on the FDA Drug Labeling on DILI
coupled with acute liver failure (ALF) reports, 82 drugs were divided as serious
DILI or not. Serious DILI drugs are those withdrawn from market or labeled with
a Black Box Warning due primarily to hepatotoxicity as well as those implied as

causing DILI in the Warnings and Precautions or Adverse Reaction with associated
ALF confirmed in at least two countries. Human hepatocytes were treated at seven
concentrations and luminescence and fluorescence assays performed with four endpoints (ATP content, GSH depletion, Caspase 3 activity and ROS) at 24 hours.
The data was normalized and AUC calculated. Assay performance was evaluated
with Receive Operating Characteristic (ROC) and the results quantitatively reported as sensitivity and specificity with 95% confidence intervals. We found that
only ATP content and Caspase activity had moderate prediction potential for serious DILI. However, ROS normalized with ATP content predicted serious DILI
very well with 89 and 88% of sensitivity and specificity respectively, indicating that
oxidative stress is one of the critical factors to cause serious DILI and specifically
combined toxic endpoints (ROS/ATP) performed better than individual ones. The
current assessment of this in vitro system indicates that it could provide a useful application in preclinical drug development.
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A NOVEL HIGH-CONTENT SCREENING ASSAY TO
PREDICT HUMAN DRUG-INDUCED LIVER INJURY.

M. V. Persson, A. F. Løye, T. Mow and J. J. Hornberg. Exploratory Toxicology, H.
Lundbeck A/S, Valby Copenhagen, Denmark.
Clinical and nonclinical toxicity are major causes for failure of drug development
programs in the pharmaceutical industry, as well as of drug withdrawals. Though
adverse drug reactions manifest themselves in different ways and organs, drug-induced liver injury (DILI) occurs relatively frequently. DILI has traditionally been
difficult to predict because of the multitude and variety of risk factors involved, and
because of the lack of sensitivity of animal models. Inspired by recent publications
on high content screening cytotoxicity assays, we have developed a multi-parametric quadprobe assay with high predictivity towards human DILI. The assay is performed in human HepG2 cells and focus on the parameters nuclei counts, nuclear
area, plasma membrane integrity, lysosomal activity, mitochondrial membrane potential, and mitochondrial area, in order to provide an integrated view of cytotoxicity. The assay is compatible with formaldehyde fixation to allow high throughput.
We used a validation set of >60 marketed drugs classified according to their potential to cause hepatotoxicity: safe, moderately toxic, or severely toxic. When analyzing the data with respect to total Cmax, our assay shows >80% correct predictions,
a sensitivity of >65%, and no false positives, when incubating cells for 24h with
drug. Corresponding numbers for 72h incubation with drug are 80% correct predictions, a sensitivity of >70%, and three false positives. False negatives comprise
compounds which cause immune system-mediated DILI or which require extensive metabolism, both of which HepG2 cells are not covering. Hierarchical clustering using the multi-parametric data allows cytotoxicity similarity matching of new
chemical entities with reference compounds/known drugs for better risk assessment
during drug discovery. In summary, our newly developed high content imaging
assay classifies drugs with potential to cause DILI, shows low numbers of false positives, and is believed to be a powerful screening tool for risk assessment during
drug discovery.

1141

ASSESSMENT OF TIME-KINETICS OF ENDOTHELIAL
BARRIER INJURY BY IMPEDANCE TECHNOLOGY.

S. Kustermann1, M. Skubatz1, T. Manigold1, C. Ploix1, H. Hinton1, M.
Schmitz2, M. Watzele2, T. Singer1, T. Weiser1, L. Suter1 and A. B. Roth1.
1Hoffmann-La Roche Ltd., Basel, Switzerland and 2Roche Diagnostics GmbH,
Penzberg, Germany.
Vascular leak syndrome (VLS) is an undesired side effect of some therapeutic monoclonal antibodies and therapeutic cytokines. Reduced integrity of the endothelial
monolayer, i.e. separation of cells for a certain time then allows for a leakage of fluid
from the circulatory system to the interstitial space finally resulting in interstitial
edema, decrease in microcirculatory perfusion and organ damage. Soluble factors in
the blood including IL-1beta, IL-2, and Thrombin have been shown to induce VLS
by multiple mechanisms which lead to an endothelial cell contraction and disassembly of the interendothelial junctions. In the present study we designed an in
vitro system based on human umbilical vein endothelial cells (HUVEC) as a model
for the vascular wall to assess the potential of drug candidates to induce VLS. Druginduced effects affecting monolayer integrity were then monitored by measuring
electrical impedance over time on an xCELLigence® system able to capture morphological changes of cells producing a time-lapse impedance pattern termed ‘cell
index’ (CI). Cells were cultured under conditions allowing cell-cell contacts confirmed by the expression of tight- and gap-junction proteins such as ZO-1,
Claudin-5, and VE-Cadherin, and a constant CI. Thrombin decreased CI significantly and reversibly. Altered expression of ZO-1, Claudin-5 and VE-Cadherin
measured by immunohistochemistry confirmed that the effect on CI was due to intracellular gaps following Thrombin exposure. To exclude unspecific cytotoxic effects co-treatment of non-endothelial cells (fibroblasts) was performed. The ob-

tained results were compared to the current standard assay measuring flow-rate of
FITC labeled Dextran. Our data demonstrate relevance of the in vitro approach
chosen to assess VLS and we suggest real-time label-free impedance monitoring of
vascular integrity as a simple, reliable and fast tool to assess the risk for VLS following drug treatment.
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PREDICTING DRUG-INDUCED HEPATOTOXICITY IN
ZEBRAFISH LARVAE: UNDERSTANDING THE
COMPLEXITY.

N. Mesens1, A. Crawford2, A. Menke3, C. Esguerra2, F. Van Goethem1, A.
Wolterbeek3, P. De Witte2 and J. Van Gompel1. 1Drug Safety Sciences, Janssen
Pharmaceutical Companies of Johnson & Johnson, Beerse, Belgium, 2Laboratory for
Pharmaceutical and Biological Sciences, Catholic University of Leuven, Leuven,
Belgium and 3Reproductive Toxicology, TNO Triskelion bv, Zeist, Netherlands.
Sponsor: P. Guzzie-Peck.
Zebrafish larvae represent an attractive lower animal test model to fill the gap between high throughput in vitro cellular assays and conventional preclinical animal
testing. The model may in particular be useful in predicting human liver toxicity, as
huge drawback of cellular hepatotoxicity assays remains the single cell system they
are based on and the consequent limited predictive capacity. It is however important to acknowledge the complexity of this whole organism. A phenotypic darkening of the liver may arise as part of an overt toxic or stress response. In addition, understanding the effects of hepatotoxicants on the liver of a vertebrate larva is
essential in order to study critical hepatotoxicity pathways. Testing thoroughly
characterized reference compounds against a well defined endpoint and correlating
with their known mechanisms of action may answer these questions.
We show the systematic investigations of this approach. First, the expression of a
liver specific protein fabp10 during development of control larvae by in situ hybridization was explored. Subsequently, larvae were treated with 10 well characterized hepatotoxic and 5 non hepatotoxic compounds. The hepatotoxic compounds
(acetaminophen, amiodarone, tetracycline, nefazodone, tamoxifen and others)
could be identified by a statistical significant change in fabp10 expression or staining pattern of the liver region. Different patterns were observed: enlarged or reduced size, reduced intensity and absence of staining. Interpretation of these patterns required high throughput histopathological analysis of zebrafish larvae. After
characterization of the histology of the liver of control larvae, treated larvae were assessed for pathological effects on the liver, which were correlated with the staining
patterns.
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INVESTIGATION INTO THE ROLE OF OCTN2 IN
DRUG-INDUCED TOXICITY.

P. J. Calcraft, G. Smith, S. Stahl and J. Sidaway. Molecular Toxicology,
AstraZenenca, Macclesfield, Cheshire, United Kingdom.
Cardiotoxicity is a leading cause of drug attrition at all phases of development and
may be caused by a number of interrelated mechanisms. One such mechanism may
involve the organic cation/carnitine transporter subtype 2 (OCTN2). Mutations in
the OCTN2 gene result in primary systemic carnitine deficiency characterized by
cardiomyopathy in man, and some xenobiotics are thought to cause secondary carnitine deficiency via inhibition of OCTN2. Drug-transporter interactions may
have clinical implications due to altered disposition of a given drug and/or disruption of carnitine homeostasis. We therefore investigated, if cardiotoxic and non-cardiotoxic drugs inhibit OCTN2-mediated carnitine uptake and/or exhibited
OCTN2-dependent cytotoxicity. 68 compounds (47 cardiotoxins, 21 non-cardiotoxins including non-toxic controls) were tested at a concentration of 100μM.
Inhibition of OCTN2-mediated 3H-acetyl-L-carnitine uptake was determined in
HEK-hOCTN2 or empty vector HEK-control cells in 40 min incubations.
Cytotoxicity was determined at 40 min and 24 hrs using an ATP viability assay.
Inhibition and toxicity, expressed as percentage of control (0.5% DMSO), were defined as <80%. 3H-carnitine uptake was Na+-dependent and inhibited by unlabelled L-carnitine (IC50 7.1 ± 1.5 μM). 9 compounds were excluded from the inhibition analysis due to confounding toxicity. Out of the remaining 59 compounds
14 inhibited OCTN2 activity: these were 10/39 (26%) cardiotoxins, 4/20 (20%)
non-cardiotoxins including the known non-toxic substrate mildronate. 30/68 compounds exhibited cytotoxicity (24/47 cardiotoxins) after 24 hrs, but both HEKhOCTN2 and HEK-control cells were equally sensitive. This suggests that
OCTN2 does not enhance drug cytotoxicity and that none of the 30 toxins are potential substrates. These results suggest that OCTN2 may not be considered as a
polyspecific drug transporter. Nevertheless, given the clinical impact of dysfunctional carnitine homeostasis and the observed prevalence of OCTN2 inhibition
amongst cardiotoxins, in vitro evaluation of OCTN2-drug interactions may be useful for cardiotoxic hazard identification.
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IDENTIFICATION OF CARDIAC EXPRESSED
TRANSPORTERS USING NEXT GENERATION
SEQUENCING OF THE RAT TRANSCRIPTOME.

R. Jackson, P. J. Calcraft, A. Pointon, H. Carr, S. Stahl and J. Sidaway.
AstraZeneca, Macclesfield, United Kingdom.
ATP-binding cassette (ABC) and solute carrier (SLC) transporter proteins translocate a broad range of substrates across the cell membrane. The disposition of drugs
between organs may therefore be markedly polarized if they are substrates for one
or many transporters potentially leading to organ-specific toxicity. Cardiotoxicity is
one of the leading causes of drug attrition at all phases of development. It is therefore important to understand the expression of transporters in the heart relative to
transporter-rich tissues such as the liver and kidney. Next generation sequencing of
the transcriptome (RNA-seq) offers a global snapshot of the RNA population enabling high-resolution comparisons between genes and across samples. Here we use
RNA-seq to identify the relative expression of 47 ABCs and a subset of 70 SLCs
with potential for drug transport. Total RNA was extracted from the atria, ventricles, kidney, liver and gastrocnemius of male Wistar rats (n = 2). Sequencing of
samples was carried out on an illumina platform and reads mapped using Genomic
Workbench (CLC bio). Gene expression values were filtered using a minimum cut
off of 10 reads/gene. Values were normalised using the trimmed mean of M-values
method. Hierarchical clustering identified 53 out of 117 genes expressed with an
organ-specific bias with respect to either heart, kidney or liver (10, 28 and 15 respectively). Within the heart 7 genes represented transporters with potential for
drug transport (members of SLC16, SLC22 SLCO, ABCC and ABCB families). To
determine whether any of these were heart-specific rather than muscle-specific, expression levels of each transporter were compared to skeletal muscle. As a result 4
transporters appeared to exhibit a heart-specific bias with regard to expression levels
(>50% greater normalised RPM). It is therefore important to assess the drug-transporter interactions of these genes to further determine a role for transporters in cardiotoxicity.

1145

DUAL MONITORING OF MITOCHONDRIAL
MEMBRANE POTENTIAL AND MITOCHONDRIAL
MEMBRANE PERMEABILITY TRANSITION AS A TOOL
FOR DISCERNING MECHANISMS OF DRUGINDUCED MITOCHONDRIAL TOXICITY.

C. Hu, K. French and K. Frazier. Safety Assessment, GlaxoSmithKline, King of
Prussia, PA.
Mitochondrial toxicity is frequently investigated as a potential mechanism of druginduced adverse events. Mitochondrial membrane permeability transition
(MMPT) is an important endpoint of mitochondrial toxicity. As an early event in
mitochondrial mediated apoptosis, MMPT leads to release of cytochrome c from
mitochondria to cytosol therein triggering downstream caspase activations. In this
study, we assessed MMPT and its association with viability and mitochondrial
membrane potential (MMP) in Molt4 cells exposed to known mitochondrial toxicants with distinct mechanisms using flow cytometry. Cells were exposed to various
doses of the mitochondrial uncoupler carbonyl cyanide P-(trifluoromethoxy)
phenylhydrazone (FCCP), the alternative electron acceptor menadione (MD) or
the complex III inhibitor antimycin A (AmA) for up to 24 h. MMPT was evaluated
by cobalt-quenched calcein method along with vital exclusion fluorochrome
ASBMS to determine the cell viability. MMP was measured separately using teramethyl-rhodamine methylester (TMRM). FCCP dissipated MMP without causing
MMPT and decrease of viability. MD (≤ 25 μM) induced MMPT and increased
MMP without affecting viability. Upon increasing MD concentration, MMPT reversed and MMP decreased with significant viability loss at 100 μM. AmA caused
similar changes in MMPT and MMP as MD, but produced more marked viability
reduction. We demonstrated that varied mitochondrial toxicants generated different profiles of MMPT and MMP based on their mechanisms, which make this flow
cytometric assay potentially valuable in addressing mitochondrial toxicity in drug
development. Additionaly, we have shown that Molt4 cells are an appropriate
model for these investigations.

1146

ESTABLISHMENT OF IN VITRO MODELS FOR THE
PRECLINICAL SAFETY EVALUATION OF
THERAPEUTIC SIRNA.

C. Bertinetti-Lapatki, C. Ploix, M. Ravon, L. Suter, T. Weiser, U. Certa, T.
Singer and H. Hinton. Nonclinical Safety, Hoffmann-La Roche, Basel, Switzerland.
Small interfering RNAs (siRNA) are used as a tool to knock-down gene expression
in a sequence-specific manner, opening new possibilities for the development of
siRNA as human therapeutics. While safe and effective delivery of siRNA to the
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target organ is the major challenge, there is also potential for side effects induced by
the siRNA molecules themselves. These potential side effects can be grouped in
three classes: (1) off-target silencing of genes; (2) interference of endogenous RNA
silencing pathways or competition for the RISC complex; (3) undesired activation
of innate immune responses, mediated by pattern recognition receptors (PRR) recognizing nucleic acids commonly found in pathogens, like Toll-like receptors 3, 7
and 8 (TLR3, TLR7, TLR8). While TLR7 and TLR8 are present in endosomes and
detect siRNA based on the presence of short sequence motifs rich in uridine, TLR3
binds in a sequence-independent manner to dsRNA and is present in endosomes as
well as on the cell surface of immune and non-immune cells.
Here, we describe the establishment of a panel of in vitro assays to monitor the activation of TLR3 for safety evaluation during the development of therapeutic
siRNAs. A combination of tests performed on human dendritic cells, NK cells and
endothelial cells (eg. HUVEC cells) allow the evaluation of the risk of triggering innate immune responses due to the binding of siRNAs to TLR3 molecules present
on the surface of these cells. Furthermore, the activation of other endosomal and/or
cytoplasmic PRRs caused by potential internalization of siRNAs can also be assessed. PRRs-mediated responses were assessed by measuring cytokine secretion
and gene expression analysis upon stimulation of cell populations with specific activators or siRNAs. While dendritic and NK cells were found to be suitable models
to analyze the siRNA activation of the innate immune system by various mechanisms, HUVEC cells were intensively characterized and selected to evaluate TLR3specific mediated responses.

1147

ASSESSMENT OF SIRNA OFF-TARGET EFFECTS: A
PRECLINICAL SAFETY TOOL FOR THE
DEVELOPMENT OF RNAI THERAPEUTICS.

M. Ravon, M. Berrera, M. Ebeling, T. Weiser, T. Singer and U. Certa.
Hoffmann-La Roche, Basel, Switzerland.
In the last decade, siRNA has become an indispensable and valuable research tool.
The possibility to target the transcript of virtually any gene, elicited significant interest in exploring RNAi as a novel treatment modality for human diseases.
However, this approach is associated with major safety issues such as the lack of efficient and specific delivery vehicles, the saturation of the ‘endogenous’ RNAi machinery, the unspecific activation of the innate immune system and the induction
of sequence-dependent off-target effects. Despite some recent advances, it is still
challenging to predict off-target effects based on computational algorithms since
the exact molecular determinants that direct ‘on-‘ and ‘off-‘ target recognition of
transcripts are unclear. Indeed the short siRNA length of 21 base pairs on one hand
and the complexity of eukaryotic genomes on the other hand limit the design of
target-specific siRNAs with unique binding sites. Here we analyse the off-target activity of two synthetic siRNAs (F7-1; F7-2) that target human blood coagulation
factor 7 mRNA. Based on homology searches both lack any significant sequence
complementarity to any other human transcript. We applied genome-wide microarray profiling to experimentally address this prediction and we show that F7-1
modulates a significant number of off-target transcripts whilst F7-2 is virtually
mono-specific for F7. We used the F7-1 off-target CXCL5 as model system to
analyse the mechanism of off-target recognition and demonstrated by reporter gene
assay experiments that cooperative binding of F7-1 siRNA to at least two sites with
seed sequence similarity is required to induce off-target activity. In vitro assessment
of the off-target activity of the two siRNAs shows the importance of performing
microarray profiling. Although in silico prediction is a very useful tool for the preliminary screening and selection of a pool of siRNA candidates, we demonstrate
that this approach should be complemented by experimental genome-wide analysis
in the pre-clinical safety evaluation of siRNAs.

1148

ROBUSTNESS AND TRANSFERABILITY STUDY OF A
FLOW CYTOMETRIC 96-WELL MICROPLATE BASED
IN VITRO MICRONUCLEUS ASSAY.

M. Tate1, S. Bryce3, S. Avlasevich3, S. Dertinger3, M. De Boeck4, F. Van
Goethem4, A. Elhajouji5, N. Billinton1 and R. Walmsley1, 2. 1Gentronix Ltd.,
Manchester, United Kingdom, 2Faculty of Life Sciences, University of Manchester,
Manchester, United Kingdom, 3Litron Labs, Rochester, NY, 4Johnson & Johnson,
Beerse, Belgium and 5Novartis Pharma, Basel, Switzerland.
The in vitro micronucleus test (MNT) used in conjunction with the Ames test
identifies the majority of rodent carcinogens and in vivo genotoxins. Data is presented from a 4 laboratory ‘ring trial’ of a high throughput 96 well microplate, flow
cytometry based MNT assay (in vitro MicroFlow). 32 compounds selected from a
list recommended by ECVAM for the assessment of new or improved in vitro genotoxicity tests were tested in quadruplate at each of the 4 sites. Data is also presented
for a smaller set of compounds tested in the presence of S9 liver extracts. Positive
and negative genotoxicity results were derived from samples in which cell numbers

had increased by 50% or more during a 24-30 hour exposure. Data were rejected at
lower values, which indicate excessive cytotoxicity. The cell permeability dye
Ethidium monazide (EMA) was also assessed as a measure of cell viability.
Compound exposure regimes producing any more than a 4 fold increase in EMA
staining have a higher risk of producing misleading micronucleus induction data.
Progenotoxins produced expected positive results in the S9 exposure protocol. The
trial results demonstrate a high concordance of results between laboratories, and
high reproducibility within and between laboratories. Discordant results were not
associated with particular compounds, suggesting that the protocol is highly transferable. The ability of the MNT to predict the results of other in vitro and in vivo
genotoxicity endpoints reflected findings from an earlier validation of a tube-based
version of the assay. It is concluded that the 96 well in vitro Microflow assay provides a robust method of micronucleus induction for preclinical safety assessment.
Importantly, this method requires considerably less compound than conventional
MNT methods and has greater compatibility with high throughput screening instrumentation.

aminophen. In previous reports using rat hippocampal slices or zebrafish,
physostigmine was a false negative, and naproxen and tobramycin were false positives (J.Pharm. Tox. Methods 57, 223-233, 2007; J.Pharm. Tox. Methods 57, 17687, 2008). In this MEA assay, all eight seizurogenic compounds evoked concentration-dependent increases in the spike rate, while the four nonconvulsants either did
not increase or reduced (verapamil) the basal spike rate indicating good sensitivity
of the assay. Verapamil is an L-type calcium channel blocker known to inhibit
seizures in rodent models. Finally, in agreement with in vivo reports, the non-competitive NMDA receptor inhibitor, MK801, antagonized PTZ induced spiking,
and CB-1 receptor antagonists augmented PTZ spiking. These results suggest that
rat hippocampal neurons cultured on MEAs may serve as an assay for predicting
seizure liability.

1151
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PREDICTIVITY OF CARDIOMYOCYTE
MULTIELECTRODE ARRAY (MEA) ASSAYS FOR IN
VIVO CARDIOVASCULAR OUTCOMES VERSUS
STANDARD SAFETY ASSAYS: THREE EXAMPLES.

H. Shi, J. Kwagh, G. Lewen, M. Huang, J. Zhu, L. Sun, O. Flint and P.
Levesque. Discovery Toxicology, Bristol-Myers Squibb, Princeton, NJ.
Using MEAs and cardiomyocytes derived from human induced pluripotent stem
cells (hCMs) or rat fetus (rCMs), we evaluated the effects of three internal compounds from different programs whose in vivo cardiovascular outcomes were not
predicted by standard in vitro safety assays. hCMs were purchased from CDI, and
rCMs were isolated from E18 rats. Spontaneous field potentials (FPs) were
recorded on MEAs following an equilibration period. FP beating rate (BR), waveform morphology and conduction time (CT) were analyzed with custom software
written in Matlab. The first compound prolonged QRS interval in safety pharmacology (SP) telemetry and EP studies (12% at 0.6 μM free), but was a weak Na
channel inhibitor in NaV1.5 patch-clamp (12% inhibition at 30 μM) and rabbit
Purkinje fiber (Vmax 30% inhibition at 30 μM) assays. MEA assays with hCMs
were more predictive of in vivo findings, with FP conduction delayed by 42, 58 and
79% at 0.3, 1 and 3 μM. A development compound in a second program reduced
heart rate in humans at lower exposures than predicted based on SP telemetry studies. Mechanistic studies showed the compound was a direct inhibitor of sinoatrial
node automaticity. The compound inhibited BR in hCM MEA assays by 27, 72
and 86% at 3, 10 and 30 μM, respectively, while inhibiting BR in rCMs by only
38% at 30 μM. The MEA assays were more predictive for heart rate slowing, and
hCMs were more senstive than rCMs. In a final example, a development candidate
prolonged QT interval in monkey SP studies at 2 μM free drug and even lower exposure in humans, despite having weak hERG potency in patch-clamp (10% at 10
μM). However, in MEA assays with hCMs, the compound prolonged FP duration
at concentrations similar to in vivo findings. hCMs were more sensitive than rCMs.
In summary, in the three cases presented, MEA assays using hCMs or rCMs had excellent predictivity for in vivo cardiovascular outcomes, and were more predictive
than standard assays. hCMs were more sensitive than rCMs depending on the
mechanism.

GENE EXPRESSION PROFILING OF TRANSPORTERS
IN CELL LINES AND ITS IMPLICATIONS IN DRUGINDUCED TOXICITY.

X. Zhang1, S. Louise-May1, V. Bonato2, B. Hirakawa3, M. Pletcher4 and K.
Leach1. 1Compound Safety Prediction, Pfizer Inc., Groton, CT, 2Biostatistics, Pfizer
Global Research and Development, Groton, CT, 3Drug Safety Research and
Development, Pfizer Global Research and Development, La Jolla, CA and 4Orphan
Drug Disorders, Pfizer Global Research and Development, Cambridge, MA.
Drug-induced organ toxicity is a major problem in drug development and continues to be a significant issue in late stage attrition of development compounds. In
vitro screening assays developed upon pathways and mechanisms linked to drug
toxicity are widely used to predict some of these adverse effects in vivo. These cellbased models, however, do not take into consideration factors that regulate in vivo
accumulation and distribution of drugs. Our in vitro screening data shows that 1)
compounds that cause low-dose cytotoxicity in cell-based assays often exert such effects in cell lines independent of their in vivo organ signature; 2) different cell lines
showed different sensitivity toward certain compounds. This difference in sensitivity among cell lines may be partially due to differential expression levels of transporters. There is increasing evidence supporting their roles in drug disposition,
therapeutic efficacy and adverse drug reactions. In this study, we profiled the gene
expression levels of annotated transporters, which include approximately 2000
human and 1000 rat transporters, in five human cell lines and three rat cell lines
using Affymetrix microarrays. We also evaluated the cytotoxicity of over 400 compounds with known rat in vivo outcome data in two liver cell lines, HepG2 and
THLE. The relationship between differential expression levels of transporters
among cell lines and differential sensitivities of compounds was investigated. Our
preliminary data shows that differential expression levels of transporters can explain
the differential sensitivity of, at least, some compounds in different cell backgrounds. This analysis will enable us to improve our in vitro predictivity by choosing the right cell model.

1152

EVALUATION OF A DIVERSE SET OF MARKETED
DRUGS FOR THEIR PROPENSITY TO DISRUPT
MITOCHONDRIAL FUNCTION.

P. J. Acton, Y. He, P. Narayanan and J. W. Lawrence. Comparative Biology and
Safety Sciences, Amgen, Thousand Oaks, CA.

1150

DEVELOPMENT AND VALIDATION OF AN IN VITRO
HIPPOCAMPAL NEURONAL ASSAY TO PREDICT
SEIZURE LIABILITY USING MULTIELECTRODE
ARRAYS (MEAS).

O. Flint, L. Sun, J. Kwagh, E. Burnett, M. Frenkel and P. Levesque. Discovery
Toxicology, Bristol-Myers Squibb, Princeton, NJ.
Drug-induced seizure liability is a significant safety concern that can have a profound negative impact on drug development, but is typically evaluated only in the
later stages of pre-clinical development in vivo. We describe for the first time an in
vitro cell-based assay using MEAs to predict the seizure potential of drug candidates
in the early stages of drug discovery. Rat fetal (day 17 postcoitus) hippocampal neurons were isolated and cultured for 18-21 days. Spontaneous activity was recorded
using MEAs at 37°C in serum-free medium without perfusion, and spike rate was
analyzed with Offlinesorter and NeuroExplorer software. Cumulative concentration-responses were measured for eight seizurogenic substances (pentylenetetrazole
(PTZ), picrotoxin, bicuculline, 4-aminopyridine, physostigmine and three BMScompounds) and four nonconvulsants (verapamil, naproxen, tobramycin, and acet-

It has been proposed that many marketed drugs with clinical safety issues disrupt
mitochondrial function. Knowing the primary mechanism of a compound on mitochondria function early in development could prevent later stage attrition.
However, comprehensive knowledge about the ability of a compound to perturb
mitochondrial function and then identify the primary mechanism of mitochondrial perturbation has not been fully elucidated. To address this gap, a custom built
mitochondrial function profiling platform was developed to determine test article
effects on electron transport chain complexes (I-IV), NADH oxidation, ATP synthase (complex V), TCA (glutamate, succinate, pyruvate) and fatty acid (acetylCoA, acetyl carnitine, butyryl-CoA, octanoyl-CoA, palmitoyl-CoA, palmitoyl carnitine) substrate oxidation, mitochondrial membrane potential, uncoupling
(induction of the respiratory burst), mitochondrial permeability transition, calcium
loading potential, citrate synthase activity, and oxidative stress (aconitase activity).
56 marketed drugs and 22 known mitotoxins were profiled. Several classical mitotoxins displayed characteristic effects (e.g., Antimycin A inhibited complex III);
however, at higher concentrations, Antimycin A also inhibited complex V. Our results indicate there are relatively few potent (IC50 less than 1 μM) marketed drugs
that had effects on any mitochondrial endpoint (9%) and none of these were electron transport chain inhibitors. However, mitochondrial uncouplers and substrate
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oxidation inhibitors were more prevalent (2% and 7%, respectively). The data suggest that many drugs do indeed have mitochondrial effects; however, few are potent. The risk assessment is complicated by many factors including drug exposure
levels. More analysis is needed to determine which effects may occur at clinically
relevant exposures. In conclusion, a systems biology approach can be utilized to
identify more specific test article-induced mitochondrial toxicities.

1153

STRATEGIES TO IDENTIFY THE POTENTIAL SAFETY
LIABILITIES OF COVALENT, IRREVERSIBLE
INHIBITORS.

R. T. Naven, S. Kantasaria, S. N. Nadanaciva, T. Schroeter, N. Greene and K.
Leach. Compound Safety Prediction Group, Pfizer Inc., Groton, CT.
Covalent irreversible inhibition is an attractive strategy for pharmacological targets
as it may offer unprecedented levels in selectivity, thereby reducing the chance of
any undesired side-effects. Such an approach, however, requires the inhibitor to
possess sufficient levels of electrophilicity that enable it to bind covalently with
nearby nucleophilic residues, yet not too reactive that it binds non-selectively to
other cellular proteins. Measurement of off-target protein binding is usually performed once a lead compound has been selected, typically through the identification of radiolabelled protein adducts. Such an analysis, however, is expensive and
not applicable to the design stages of the drug discovery process.
We investigated three in vitro assays to determine the off-target reactivity of electrophilic functional groups; two were based on intrinsic thiol-reactivity, one utilizing Ellman’s reagent to detect unreacted thiols and the other utilizing fluorescentlabeled glutathione to follow reaction kinetics. A third assay involved measuring
activation of the Nrf2 transcription factor, which plays a critical role in inducing
the Antioxidant Response Element (ARE). Using luciferase reporter methodology,
levels of Nrf2 activation were measured in HEK293 cells on treatment with a variety of electrophilic compounds. Levels of Nrf2 activation correlated well with electrophilicity of the test compound, as measured by reaction with glutathione and detection by Ellman’s reagent.
These three assays are being utilized to measure direct electrophilicity as well as to
determine a functional cellular readout of thiol reactivity. As a result, several structure-activity relationships have been developed for cysteine-reactive functional
groups, including maleimides, acrylamides and cyanamides. Application of all three
approaches in compound screening may be useful in determining the optimal balance between target and off-target covalent binding.

1154

GAMMA-SECRETASE MEDIATED HEPATOTOXICITY:
USING MULTIPARAMETER IN VITRO METHODS TO
ASSESS TOXICITY AND INTERPRET MECHANISM.

J. Senn, J. Lane, T. Sullivan, M. Carioto and J. Clarke. Biogen Idec, Cambridge,
MA.
In vivo and in vitro hepatotoxicity evaluations were conducted on a novel gammasecretase modulator (GSM); BIO-021169 (BIIB042, MW of 499.5). Three structurally-related molecules (BIIB042, BIO-017708, and BIO-021882) and two
structurally-unrelated GSMs (BIO-026501 and BIO-027436) were evaluated
using the CellCiphr® system in primary rat hepatocytes and human hepatoma cells
(HepG2). All three BIIB042-related compounds were potent hepatotoxicants in
vitro. The most sensitive effects in primary hepatocytes were: mitochondrial membrane potential changes and apoptosis/nuclear size changes (activity concentration
50% (AC50) for the most sensitive indicator was ~ 10.9 μM or 5.4 μg/mL). In
HepG2 cells, stress-kinase activation, mitochondrial membrane potential and reactive oxygen species generation leading to cell cycle arrest, nuclear size changes and
cell death was observed. The structurally unrelated molecules were significantly less
hepatotoxic in primary hepatocytes and had a maximum tolerated concentration of
105.6 and 195.6 μM, respectively. However, in HepG2 cells, these compounds
were slightly more potent with a cytotoxicity threshold of 26.1 and 70.8 μM (BIO026451 and 027436, respectively) and were observed to have effects on both the
mitochondria and activation of stress-kinases similar to BIIB042. This data correlates with in vivo studies with BIIB042 in rat and cynomolgus monkey where the
dose-limiting toxicity was hepatic and was observed at or near exposures (based on
Cmax) in the range determined in vitro. CellCiphr analysis appeared to link toxicity in hepatocytes to direct effects on the mitochondria, perhaps leading to activation of stress-linked kinases and the intrinsic apoptotic cascade. Gamma-secretase is
known to be expressed in the mitochondrial membrane and it is suggested the activity of this complex (particularly the presenillins) can have effects on mitochondrial function and basal metabolic state, potentially linking the pharmacologic activity of this molecule to the toxicity observed.
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NONINVASIVE REAL-TIME MEASUREMENT OF
OXIDATIVE METABOLISM IN VITRO ALLOWS
SENSITIVE DYNAMIC READOUT OF DRUG
RESPONSE.

W. Inman1, 2, M. Weissinger1, I. Rusyn4, S. R. Tannenbaum1, 3, I. W. Hunter2
and L. G. Griffith1, 2. 1Biological Engineering, Massachusetts Institute of Technology,
Cambridge, MA, 2Mechanical Engineering, Massachusetts Institute of Technology,
Cambridge, MA, 3Chemical Engineering, Massachusetts Institute of Technology,
Cambridge, MA and 4Environmental Sciences and Engineering, University of North
Carolina at Chapel Hill, Chapel Hill, NC.
Disruption of cellular oxidative metabolism pathways is recognized as playing a
critical role in a large number of drug safety-related problems. There are many
methods for evaluating changes in cellular metabolism or mitochondrial function
in vitro, but these assays are typically either invasive or require sampling at discrete
intervals. Here, we report on the development of a noninvasive real-time measurement system for oxidative metabolism based on readouts of oxygen concentration
at defined locations relative to the cells in culture. Specifically, fluorescence-based
sensors were integrated into standard multi-well cell culture formats and their utility was evaluated in several experimental conditions mimicking effects on the oxidative metabolism. Importantly, this measurement method is not only suitable for
static two-dimensional cultures, but is particularly useful for flow-based cell culture
environments. We have also incorporated these sensors into a three-dimensional
flow based liver cell culture environment. The concentration measurement results
represent a simple yet highly sensitive and dynamic readout of an in vitro drug response. Because the measurement is conducted in real-time, this system is also
amenable to determining the dynamics of the drug response and is not limited to
discrete sample intervals; furthermore, it allows selection of an appropriate concentration and time point for detailed offline analysis during the experiment.

1156

NEXT GENERATION DEL ASSAY: CYTOTOXICITY AND
GENOTOXICITY DETECTION WITH DEL-XG.

L. Rivina1, L. Parfenova1 and R. H. Schiestl1, 2, 3. 1Environmental Health Sciences,
University of California Los Angeles, Los Angeles, CA, 2Pathology, University of
California Los Angeles, Los Angeles, CA and 3Radiation Oncology, University of
California Los Angeles, Los Angeles, CA.
Genetic instability is a hallmark of carcinogenesis. Furthermore, cells from patients
carrying mutations conferring cancer prone phenotypes show a higher level of genetic instability, including DNA deletions. We have previously constructed and/or
used assays (DEL assays) that select for DNA deletion events in yeast, human cells
and in vivo in the mouse. In fact, the original yeast-based DEL Assay detects 92%
of known human carcinogens as compared to 60% detected with the Ames Assay.
Deletions occur by homologous recombination between two copies of a duplicated
DNA sequence to delete the interrupting sequence together with one of the repeats.
DEL events in all three formats are inducible by a wide variety of carcinogens including carcinogens that are negative in many other short-term tests. Furthermore,
many cancer prone mutations highly elevated the frequency of DNA deletions in
mice adding to the solid correlation between DEL events and carcinogenesis. Here
we introduce the next generation DEL assay: a novel dual-read out Saccharomyces
cerevisiae screen DEL-XG. Based on the original DEL assay, DEL-XG simultaneously assesses the compound’s genotoxicity and cytotoxicity properties. DEL-XG
test strain cells contain a lacZ gene sequence with a region of homology interrupted
by an auxotrophic gene; during an exposure to a genotoxic event (carcinogens, ionizing radiation, etc) the sequence is excised and the lacZ gene recombines to a functional beta-galactosidase genotype that with an addition of the X-Gal substrate produces a detectable indole product. Here we compare the efficacy of the DEL-XG
assay to the original DEL Assay. DEL-XG is a rapid and economical way to screen
large chemical libraries for toxicity and carcinogenicity properties and enabling a
screening “triage”: compounds with higher toxicity profiles will be subjected to additional screening as a first priority.

1157

ASSESSMENT OF HERG CHANNEL FUNCTION USING
STEM CELL-DERIVED CARDIOMYOCYTES.

X. Zhang, W. Ouyang, B. Xi, C. Jin, X. Wang, X. Xu and Y. A. Abassi. ACEA
Life Technologies, ACEA Biosciences, San Diego, CA.
The vast majority of drugs withdrawn from the market due to association with TdP
arrhythmia interfere with the Ikr repolarization current mediated through the
hERG. Consequently, the ICH S7B guidelines recommend that all new chemical
entities should be subjected to hERG repolarization assay, typically using cell lines

that recombinantly express hERG protein. However, in the last decade it has become evident that not all hERG channel inhibitors result in TdP and not all compounds that induce QT prolongation and TdP necessarily inhibit hERG. In order
to better understand and assess the different kinds of drug liabilities associated with
hERG channel inhibition and modulation we have used a panel of drugs and compounds which (i) directly bind and inhibit hERG channel function (overt inhibitors); (ii) compounds which inhibit hERG as well as other channels and therefore compensate for the Ikr block (covert inhibitors) and (iii) compounds which
interfere with the trafficking of hERG channel protein to the plasma membrane
(trafficking inhibitors). We have assessed the activity of these compounds using
human induced pluripotent stems cell-derived cardiomyocytes (iCells) together
with a system that can measure the beating activity of the spontaneously beating
cardiomyocytes. Our data clearly shows that overt hERG channel inhibitors disrupts the periodicity of beating of iCell cardiomyocytes leading to plateau oscillations and a signature waveform that is typical of these class of compounds. Covert
hERG channel inhibitors at physiologic concentrations do not appear to affect cardiac function and therefore appear to be safe. hERG trafficking inhibitors display a
time-dependent effect on the periodicity of beating that manifests several hours
after compound dosing. In summary, the results clearly show that dynamic monitoring of iCell cardiomyocyte beating can be used in a predictive way to assess various types of hERG channel modulators and provide additional information to electrophysiological methods.

pound towards multiple kinases is a critical step in assessing the efficacy, as well as
potential off-target activity, of a kinase inhibitor. The central question, however, is
whether inhibitory activity, generally identified and measured using purified proteins or recombinant enzymes, with low μM (Km) concentrations of ATP, translates into functional kinase inhibition when measured under more physiological
conditions in a cellular context. To help address this gap we have developed 9 cellbased kinase assays which measure direct substrate phosphorylation. Kinase assays
for AKT, Aurora A, BTK, EGFR, GSK3β, JAK, LCK, VEGFR, and p38α were developed using either Luminex or ELISA technology. We have tested several clinical
compounds and present comparative on and off-target data from cell-free and cellbased assays. We further demonstrate that the compound activities measured in
these functional cell-based assays are reflective and dependent upon the genomic
context of the cell line employed, thus highlighting their potential use in patient
stratification strategies. Thus, these assays can be used to determine the functional
specificity of kinase inhibitors, as well as to provide an early signal in the discovery
process for potential safety liabilities associated with specific kinases.

1160

UNBIASED APPROACH FOR THE DOSE-RESPONSE
ANALYSIS OF SIGNAL TRANSDUCTION PATHWAYS.

H. N. Williams, J. Vrana, C. Kinzer and J. Boyd. Chemistry, West Virginia
University, Morgantown, WV.
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BIOENGINEERED CELLULAR MICROENVIRONMENTS
FOR DEVELOPMENT OF IN VITRO MODELS OF
HUMAN DISEASE AND TOXICITY.

S. Sheehy1, D. Coon1, A. Bahinski2 and K. Parker1, 2. 1Harvard School of
Engineering and Applied Sciences, Boston, MA and 2Wyss Institute for Biologically
Inspired Engineering at Harvard University, Boston, MA.
One of the major shortfalls of existing in vitro models for toxicity screening is the
failure to recapitulate relevant physiological microenvironments for cells. Recent
evidence suggests that mechanical interactions between extracellular matrix (ECM)
and cell surface receptors as well as physical interactions between neighboring cells
play a key role in stem cell differentiation and development of a mature phenotype.
The ECM also affects cellular behavior through many physical mechanisms, such as
geometry, elasticity, and the propagation of mechanical signals to intracellular compartments. We utilize an array of biomaterials, structural cues, and bioengineering
techniques to recreate essential determinants of cellular microenvironments that
help guide cells to the desired differentiated phenotypes in vitro. Using this approach, we have been able to develop microsystems that recapitulate physiologically
relevant in vivo functions and can be used to model human tissue injury and disease
in a number of organ systems. The data presented illustrates the functionality of the
engineered systems. We highlight a microengineered heart tissue model, where cardiomyocytes are cultured on one surface of elastomeric polymer thin films (muscular thin film, MTF) micropatterned with ECM proteins to promote spatially ordered, two-dimensional myogenesis. The MTFs exhibit an in vivo-like
pharmacological response to clinically relevant drugs. Data from our neuronal
model demonstrates that we have successfully engineered an in vitro model of neuronal damage associated with traumatic brain injury. The functional, cytoarchitectural, gene expression, and pharmacological data generated from these systems
clearly indicate that these bioengineered organ mimics offer a human relevant alternative to animal models for disease model development, predictive toxicology assays and safety testing.

High throughput multiplex assays capable of quantifying signaling protein activities have led to a major increase in the availability of large datasets describing signal
transduction networks. Computational models are often used to organize and interpret these large datasets into tractable biological knowledge. Data driven models
often yield unanticipated results, and can be advantageous because prior biological
understanding of the network need not be relied upon, minimizing variability and
error that can result when biological information obtained from different treatment
conditions, timescales, species, and cell types is used. In this study, computational
modeling was used to assess the signal transduction networks associated with stress
response. A unique aspect of this study is that the signal transduction networks
were assessed from a toxicological point of view; that is, the protein networks were
constructed based upon changes in protein activities in response to increasing doses
of inhibitors, independent of time. The phosphorylation response of HepG2 cells
exposed to increasing doses of deguelin, potassium cyanide (KCN), staurosporine,
SB202190, and SB202474 alone and in binary combinations was assessed via principle component analysis for 8 highly networked signaling proteins (MEK, ERK,
AKT, JNK, p38, p53, HSP27, and p90RSK). Phosphorylation was quantified
using a bead based multiplex ELISA assay. This data was then used to frame cellular network responses with regard to dose for 2 disparate toxicological examples: exposure to single-target vs. multi-target inhibitors and mixtures with greater than additive toxicity. Our results indicate that dose-to-dose protein activity is significantly
different from the overall response; single target inhibitors lead to a more highly
correlated protein response than multi-target inhibitors; and mixture additivity
may be the result of low dose, non-toxic thresholds of the individual constituents.
Overall this approach provides unique and unbiased toxicological insight into the
signal transduction networks associated with stress response.

1161

ESTIMATING TEMPORAL BIFURCATIONS
ASSOCIATED WITH CELLULAR SIGNAL
TRANSDUCTION.

J. A. Vrana, H. N. Williams and J. W. Boyd. Chemistry, West Virginia University,
Morgantown, WV.

1159

DEVELOPMENT OF A CELLULAR KINASE ASSAY
PANEL FOR USE IN KINASE INHIBITOR SELECTIVITY
ASSESSMENT.

R. Uzgare1, J. Guzova2, A. Solomon1, C. Horton1, T. Hundley1, V. Wong3, H.
Chen1 and K. Leach4. 1Caliper Discovery Alliances and Services, Hanover, MD,
2Drug Safety Research and Development, Pfizer, Inc., Cambridge, MA, 3External
Research Solutions, Pfizer, Inc., Groton, CT and 4Compound Safety Prediction Group,
Pfizer, Inc., Groton, CT.
Protein kinases, because of their critical role in regulating many cellular processes,
including metabolism, transcription, cytoskeletal rearrangement, and cell growth
and differentiation, represent attractive therapeutic targets. There are currently 9
marketed small molecule kinase inhibitors, with many more in clinical trials. One
of the major challenges in the drug discovery and development of kinase inhibitors
is the issue of kinase selectivity. Determination of the inhibitory activity of a com-

The pharmacodynamic response of cells to xenobiotics is primarily coordinated by
signal transduction networks, which typically follow a fundamental motif, the
phosphorylation / dephosphorylation cycle mediated by kinases and phosphatases.
Defining the temporal scale of critical signal transduction events post-dose is difficult, but may be possible by exploiting the intricate inter-relationship that exists between mitochondrial-driven energy metabolism and kinase response. Kinase signaling is an energy demanding process, and its reliance on phosphorylation results in
the consumption of substantial amounts of available ATP. Further, it has been
shown that ATP-production actually governs the majority of ATP-consuming
processes in mammalian cells, and regulation is primarily driven by oxidative phosphorylation within mitochondria. Therefore, if one monitors the energy production processes in the cell, key time points of significant deviation may point toward
critical kinase signaling events. Monitoring these responses without potentially disrupting sensitive intracellular activity is imperative; thus we have developed an extracellular approach to determine kinase signaling events on a temporal scale by estimating ATP production with kinetic data collected from real-time oxygen
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consumption and NADH production assays. These data sets allow for stoichiometric determinations of ATP production in real time. Preliminary results will be presented with data collected from HepG2 cells dosed with MEK inh II or TDZD-8
(GSK3β inhibitor) monitored over 24 hours at 10 minute intervals. We found key
bifurcations at 20 minutes and 500 minutes post-dose for MEK inh II, and bifurcations at 40 minutes and 600 minutes post-dose for TDZD-8. We then measure
the phosphorylation response of several proteins at these time points, and relate
them to 24 hour viability. In this study, we demonstrate the ability to estimate critical signaling events via temporal response using an extracellular, in vitro means of
estimating phosphate generation by exploiting stoichiometric relationships between
NADH and O2 to produce ATP.

1162

IDENTIFICATION OF EARLY SIGNAL TRANSDUCTION
RESPONSES PREDICTIVE OF SURVIVAL.

J. Boyd, H. N. Williams, J. A. Vrana and X. Gao. Chemistry, West Virginia
University, Morgantown, WV.
The phosphorylation/dephosphorylation cycle, mediated by kinases and phosphatases, is responsible for the coordination of many cellular responses to xenobiotics. This simple cycle is embedded in networks which use positive and negative
feedback to generate extremely diverse functions like signal amplification, reversible/irreversible switches, and oscillations. One key irreversible switch is apoptosis, and both the signaling network and infrastructure surrounding the decision
to flip this switch is complex. Multiple signals generated by either external or internal stresses converge upon the mitochondria and result in outer membrane permeabilization, which is considered the point of no return for apoptosis. To determine
the key protein networks involved in flipping this switch, we exposed HepG2 cells
to several doses (1-100 μM) of a protein inhibitor (MEK inh II) and determined 24
hour viability. Next, we estimated the temporal response of protein phosphorylation by calculating the phosphate available for cellular signaling from oxygen consumption and NADH generation data gathered every 10 minutes, post-dose. From
this, bifurcations in response were identified at 20 minutes and 500 minutes postdose; these times were estimated to precede cell death, and this was validated by
monitoring plasma membrane degradation over the time period. We next examined
the relative phosphorylation of 20+ judiciously chosen protein targets at these time
points. Two-way cluster analysis using Ward’s minimum variance method was performed on the relative phosphorylation values to relate the activity of the proteins
to dose. Finally, cluster distance of the protein response was transformed into predictive response values, which were in general agreement with 24 hour viability
measurements. Overall, this new approach can reasonably predict 24 hour viability
at very early time points post-dose (< 1 hour), by simply interpreting the dynamic
activity of signal transduction networks in response to xenobiotics.

1163

MECHANISTIC INVESTIGATION OF B-RAF
INHIBITOR-INDUCED HYPERPLASIA AND
DEVELOPMENT OF A 3D HUMAN IN VITRO MODEL.

L. Marroquin, W. Evering, S. Khoh-Reiter, J. Lee, V. Torti, A. John-Baptiste,
B. Jessen and W. Hu. Drug Research and Development, Pfizer Inc., San Diego, CA.
The Raf proteins play a role in the MAP/ERKs kinase signaling pathway, which
regulates cell division, differentiation, and secretion. B-Raf mutations have been
reported in various type of cancers in human; therefore selective inhibitors of B-Raf
have been developed for tumor therapy. Although cell lines and tumors that harbor
the B-Raf mutation can be sensitive to these inhibitors, hyperplasia in several normal squamous epithelial tissues has been reported in animal studies. Here we reported the development of an in vitro 3D model to replicate the proliferative effect
seen in rodent studies and to better understand the biology. The 3D culture model
of Reconstructed Human Epidermis (RHE) cells made by Skinethics was evaluated
in our study because of its histological similarity to that of the in vivo human epidermis. RHE that was cultured in vitro was treated with DMSO or B-Raf inhibitor
PF-594 at 62.5 or 250 nM for 2 and 5 days. Samples of each treatment were stained
with hematoxylin and eosin and evaluated histologically. When compared to
DMSO, PF-594 appeared to stimulate proliferation of the granular layer of cells in
a dose dependent manner at both durations of treatment. When RHE cells were
treated with PF-594 (250nM) and Mek inhibitor PD-901 (5nM) separately or in
combination for 3 days, PD-901 appeared to abrogate the cell proliferation that is
induced by PF-594, consistent with in vivo findings from a two week study in rats.
Further evaluation of gene and protein expression changes and downstream signaling pathways supported the mechanistic involvement of wild-type B-Raf inhibition
in the proliferative response. In conclusion we reported here the development of an
in vitro 3D model that is superior than monolayer epithelial culture for recapitulating B-Raf inhibitor-induced hyperplasia and demonstrates the human relevance of
the preclinical findings.
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KINASE ACTIVITY PROFILING IN INVESTIGATIVE
TOXICOLOGY.

P. Lord1, L. Houkes1, J. Oosterwijk-Wakka1, E. Oosterwijk1, R. Ruijtenbeek1
and M. van Duursen2. 1PamGene International, BJ‘s-Hertogenbosch, Netherlands
and 2University of Utrecht, Utrecht, Netherlands.
Molecular toxicology aims to link gene and protein expression profiles to established end-points of toxic responses. These methods provide informative snapshots
of what is occurring in response to toxicants but do not capture the dynamic nature
of the responses. Peptide microarrays can assess functional consequences of transcriptional/translational changes linked to pathogenesis. We study signal transduction mechanisms by monitoring signaling kinases, using dynamic peptide microarrays in order to find underlying mechanisms of toxic responses. Total protein was
extracted from renal cell carcinoma and normal kidney tissues from patients treated
with either of the anti-angiogenic drugs, sorafenib and sunitinib. Equal amounts of
total protein (10μg) were analyzed for kinase activities on dynamic PamChip peptide microarrays comprising 144 or 256 different peptides. Our results show that
kinase activity profiles can be generated robustly from tissue extracts. Experiments
showed signal dependence on protein extract concentration, ATP concentration
and finally, modulation of the peptide phosphorylations by the drugs. Different
phosphorylation profiles were obtained between tumour and healthy tissue from
the same patient, showing higher activities in the former. Investigating both
chemotherapeutics, similar profiles were found in tumour tissue, while clear differences were detected in the corresponding normal tissue. These are potentially
linked to differences in toxicity between the drugs. Importantly, phosphorylation of
peptides representing PDGFRB was inhibited more in normal kidney of sunitinib
treated versus sorafinib treated patients. The observations indicate that this method
could identify appropriate target proteins, but also off-target proteins possibly involved in adverse drug reactions. This novel molecular approach has a good potential application in clinical and preclinical toxicological research. Clearly it provides
the means to study the dynamics of the adverse effect of pharmaceuticals, whether
from cell lines or (animal or patient derived) tissues.

1165

LYSOSOME FUNCTION IMPAIRMENT AS A
POTENTIAL MECHANISM OF RETINOPATHY.

S. Khoh-Reiter1, S. Sokolowski2, B. Jessen1 and S. Lu1. 1Pfizer Inc., San Diego,
CA and 2DSRD, Pfizer Inc., Groton, CT.
The retina is a highly structured tissue formed by seven different cell types arranged
in layers. The photoreceptor cell is a specialized type of neuron in the retina that is
capable of absorbing photon and converting light into signals that can stimulate biological processes. There is a constant renewal process for photoreceptors consisting
of intermittent shedding of the distal tips of the photosensitive outer segment and
subsequent phagocytosis in the retinal pigment epithelia (RPE) cells. This rebuilding process is essential for vision and the survival of photoreceptors and RPE cells.
Drugs with basic moiety have the potential to accumulate in lysosomes and impair
its functions including the phagocytosis process, which could hinder clearance of
outer segment of the retina and ultimately induce retinopathy. To determine the
prevalence of this cellular mechanism in retinal toxicity, a collection of proprietary
compounds associated with retinal toxicity were put through a battery of in vitro
tests using a human retinal pigmented epithelium cell line, ARPE. The tests included phagocytosis assay, Lysotracker staining, Bafilomyocin A (BFA) rescue experiments, and autophagosome staining. The compounds that induced retinopathy
were identified to accumulate in the lysosomes. This accumulation coincided with
phagocytosis inhibition and an increase in autophagosome staining, suggesting a
blockage of the membrane trafficking process related to lysosomal functional impairment following compound accumulation. A correlation between the physiochemical properties and in vitro lysosomal pathway effects was also established. In
addition, cytotoxicity of selected compounds can be ameliorated via pre-treatment
of BFA, further suggesting the involvement of lysosomes in the toxicity observed.
This data reveals the importance of physiochemical properties and lysosome accumulation as a common mechanism for drug induced retinopathy and demonstrates
the potential usefulness of an in vitro screen in predicting this liability.

1166

NEW MODEL OF NONCLINICAL CARDIAC RISK
ASSESSMENT.

J. W. Kramer1, G. J. Myatt2, C. Obejero-Paz1, A. Breuning-Wright1 and A. M.
Brown1. 1ChanTest Corp., Cleveland, OH and 2Leadscope Inc., Columbus, OH.
Drug-induced inhibition of the cardiac hERG potassium channel is assumed to
predict delayed cardiac repolarization (DR). The consequent QTc prolongation is a
surrogate marker of torsade de pointes (TdP), a rare but potentially lethal iatrogenic outcome. Drugs with effective therapeutic plasma concentrations (ETPC)

within 30-fold of their hERG IC50s are thought to be dangerous despite the fact
that multiple ion channel effects (MICE) can mitigate DR. Here we demonstrate
that a logistic regression model, which integrates MICE, predicts TdP with much
greater certainty than the hERG safety ratio (hERG IC50/ETPC) alone. Safety ratios were calculated for 41 drugs (20 +TdP and 21 -TdP) from multiple classes by
dividing their hERG, Nav1.5 and Cav1.2 IC50 values by each drug’s ETPC. Two
logistic regression models were constructed; one using the hERG IC50/ETPC ratio
alone (Model 1), the other integrating hERG IC50/ETPC + Nav1.5 IC50/ETPC +
Cav1.2 IC50/ETPC data (Model 2). The predictive power of each model was evaluated by performing leave-one-out cross validations. Each model’s accuracy for discriminating +TdP and -TdP drugs was determined by comparing their receiver–operator characteristics (ROC, true vs. false positive rates). Model 1 had a 52% False
Positive Rate associated with a 90% True Positive Rate and a ROC area under the
curve (AUC) of 0.74. Model 2 significantly improved accuracy showing a 14%
False Positive Rate associated with a 90% True Positive Rate and a ROC AUC of
0.88. We propose that models that incorporate quantitative drug effects on multiple cardiac ion channels will be robust nonclinical predictors of cardiac risk.

1167

EVALUATION OF CELLULAR IMPEDANCE ASSAYS FOR
DRUG SCREENING IN CARDIOMYOCYTES.

M. Peters, R. Ochalski, C. W. Scott and Y. P. Dragan. Safety Assessment,
AstraZeneca, Waltham, MA.
Cardiovascular (CV) toxicity is a leading contributor to drug withdraw and latestage attrition. Earlier and broader screening is a validated approach to build-in CV
safety, as demonstrated with hERG screening to reduce drug-induced arrhythmia.
There is an urgent need for novel in vitro assays to extend this success to contractility, heart rate, hypertrophy, structural damage, and non-hERG arrhythmia. Recent
advances in label-free cellular impedance technology now enable tracking of spontaneous synchronized beating of cultured cardiomyocytes. Analysis of beating allows integrated detection of electrical and mechanical aspects of contraction. Here,
we evaluate impedance cardiomyocyte assays against criteria required for drug
screening. The throughput and sensitivity allowed for rapid assay development and
identification of critical optimization parameters with rat neonatal cardiomyocytes
including cell seeding density and serum levels. Once optimized, consistent stable
beating for at least three days was straight-forward to achieve. In tests of ligands
spanning a breadth of target classes, the potency values showed excellent precision,
wide dynamic range, and consistency across multiple experiments. Impedance data
could be analyzed for beat rate, amplitude, and beat rise slope with each parameter
yielding similar precision. Potency values calculated by beat rate and amplitude
were highly correlated for most compounds although selected compounds displayed unique profiles indicative of different mechanisms. Evaluation of a set of
drugs selected based on established CV activity in humans revealed concordance
between impedance and clinical findings for 20 of 21 compounds. Thus, impedance assays combine novel features including sensitivity to contractile activity, versatile data analysis, and robust/translatable data and can be utilized to address critical gaps in CV drug screening.

using 30 μM as a cut-off of BR20 could correctly flag all 17 compounds. These results suggest the beat rate change is a more sensitive predictor and more translational biomarker of potential ECG alternations. Hence, including the beat rate
analysis adds additional predictive value to this cardiomyocyte arrhythmogenesis
model in assessing the likelihood of compounds to cause ECG alterations in the
down-stream in vivo studies.

1169

HEMODYNAMIC FLOW AND HETEROTYPIC CELL
COMMUNICATION ARE NECESSARY FOR
PREDICTING HUMAN VASCULAR DRUG RESPONSE
IN PRECLINICAL VASCULAR IN VITRO SYSTEMS.

B. R. Wamhoff1, 2, N. Hastings2, M. Simmers2 and B. R. Blackman1, 2.
1Biomedical Engineering, University of Virginia, Charlottesville, VA and 2HemoShear
LLC, Charlottesville, VA. Sponsor: E. LeCluyse.
Pre-clinical animal models are poor predictors of the human response and fail to deduce vascular cell-specific responses and mechanisms. Moreover, current in vitro
systems do not incorporate fundamental in vivo parameters; such as hemodynamic
forces and complex, heterotypic cell-cell interactions, i.e. endothelial and smooth
muscle cell. In this study, molecular and functional responses to multiple FDA-approved drugs (statins, Ca2+ channel blockers, NSAIDs, thiazolidinediones, NOdonors) were investigated in a human primary vascular cell system. The technology
imposes MRI human-derived, region-specific, vascular hemodynamic patterns
onto human primary vascular endothelial cells that are co-cultured with vascular
smooth muscle cells. The cells are physically separated by a thin porous membrane,
which allows for both interaction between and separation of both cell types and collection of secreted factors. Results: 1) compared to traditional culture methods, hemodynamic exposure enhances human primary vascular cell survival and re-establishes vascular bed specific endothelial and smooth muscle cell morphology and
molecular phenotype, consistent with biology in intact arteries. 2) Molecular responses in the technology correlate to human drug responses whereas traditional
culture responses are often misleading. 3) Functional responses (e.g., nitric oxide
signaling, vasoreactivity, adhesion and permeability), varied depending on the nature of the hemodynamic flow pattern, e.g., small arteriole versus large conduit artery. Thus drug class-specific, differential responses were observed and correlated to
human clinical response. Finally, non-human species cells (e.g., rat, dog, monkey)
and hemodynamics can be utilized for comparison to human to assist in validating
vascular cell-specific, vascular bed-specific properties of compounds, improving decision making of both positive and negative effects at the molecular and functional
levels. NHLBI R43HL102951, R44HL10295

1170

INHIBITION OF THE CARDIAC CYP2J2 BY
CARDIOTOXIC TYROSINE KINASE INHIBITORS.

M. Burnham, W. Hope, T. G. Hammond, J. Valentin and J. Bowes. Safety
Assessment UK, AstraZeneca, Macclesfield, United Kingdom.

1168

BEAT RATE ANALYSIS IMPROVES THE PREDICTION
OF IN VIVO ECG ALTERATIONS BY THE IPSCDERIVED HUMAN CARDIOMYOCYTES-BASED
PROARRHYTHMIC MODEL.

L. Guo1, R. Kemper1, R. Abrams1, T. Singer2, 1, T. Weiser2, 1, E. Chiao1 and K.
L. Kolaja1, 2. 1Nonclinical Safety, Hoffmann-LaRoche, Nutley, NJ and 2Nonclinical
Safety, Hoffmann-La Roche, Basel, Switzerland.
Direct detection of arrhythmic events by the high-speed impedance measurement
in human induced pluripotent stem-cell (hiPSC) derived cardiomyocytes has been
demonstrated recently as a novel and robust model to identify a drug’s proarrhythmic risk in humans. While the prediction of clinical arrhythemogenicity by this
model achieved a high degree of accuracy for the set of reference drugs tested, integration of this model into early screening strategy is challenging, since alterations in
the ECG waveform, particularly changes in QT interval, not the overt arrhythmia
are used as the standard surrogate biomarkers of proarrhythmic risk. Retrospective
analysis on the data set of 24 reference drugs revealed a close correlation of changes
in the spontaneously beating rate (BR) in this in vitro cardiomyocytes model to abnormal ECGs observed in the clinic. Indeed, a change of 20% or greater in BR at ≤
30 μM (BR20) could correctly pinpointed 17 drugs out of 19 that presented abnormal ECGs in the clinic. In the extended validation study that included 27 internal compounds, the analysis of arrhythmic beats failed to identify 5 compounds out
of 17 that caused abnormal ECGs in the non-rodent conscious animals, whereas

Cardiotoxicity remains one of the leading causes of late-stage drug attrition and
drug withdrawals. Drugs of the tyrosine kinase inhibitor class have received particular attention in this regard (Force et al. (2011) Nat Rev Drug Discov 10, 111-26).
The cytochrome P450 isoform 2J2 (CYP2J2)-epoxyeicosatrienoic acids (EETs)
pathway regulates key aspects of cardiovascular function and plays an important
cardioprotective role under stress conditions linked to mitochondrial function
(Katragadda et al. (2009) J Mol Cell Cardiol 46, 867-75). We investigated the hypothesis that this pathway may be linked to drug-induced cardiotoxicity. We validated a CYP2J2 inhibitor assay based on commercially-available CYP2J2 supersomes (BD biosciences) and substrate (Promega). A known reference compound
(terfenadine) gave an IC50 value of 315 nM (mean pIC50 6.50 ± 0.02; n = 34). IC50
data (n = 2) for 114 clinically-relevant drugs annotated for organ toxicity were generated. A number of inhibitors were identified, where at a threshold of IC50 <1 μM,
6 were associated with cardiotoxicity, compared to 2 that were associated with hepatotoxicity, 1 associated with both toxicities and 1 with low organ toxicity.
Strikingly, 3 of 4 cardiotoxic tyrosine kinase inhibitors tested were potent 2J2 inhibitors with IC50 values of 79, 336 and 872 nM (imatinib, sorafenib, dasatinib),
the remaining kinase inhibitor IC50 value was 10 μM (sunitinib). Drugs were tested
for ATP depletion in the cardiac-derived rat H9c2 cell line and in H9c2 cells
adapted for increased mitochondrial aerobic activity (using a galactose energy
source to circumvent the Crabtree effect (Marroquin et al. (2007) Toxicol Sci 97,
539-47)). The 3 cardiotoxic kinase inhibitors that were also potent CYP2J2 inhibitors were more cytotoxic to the H9c2 cells with a galactose energy source compared to normal H9c2 cells. These data suggest a potential association between
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some forms of drug-induced cardiotoxicity, inhibition of the CYP2J2-EETs pathway and mitochondrial dysfunction, particularly for these cardiotoxic tyrosine kinase inhibitors.

1171

IN VITRO SAFETY PHARMACOLOGY PROFILING IN
EARLY DRUG DISCOVERY: MITIGATION OF ADRS.

L. Urban1, S. Whitebread1, H. Jacques2 and E. Gul1. 1Preclinical Safety Profiling,
NIBR, Cambridge, MA and 2Preclinical Safety Profiling, NIBR, Basel, Switzerland.
In vitro safety pharmacology has been applied in different forms to drug discovery.
However, recent developments in assay technologies, automation and in silico sciences transformed a panel of target-based assays into a powerhouse of early safety
profiling with a unique ability to support mitigation based on off-target SAR.
In vitro safety pharmacology applies a panel of selected human targets associated
with clinical ADRs to lead selection and optimization. The panel covers a broad
pharmacology-chemistry space, employs biochemical and functional assays and has
the capacity and quality to provide information on pharmacological promiscuity
and predicts major liabilities. In silico tools are also available to predict off-target
characteristics and link pharmacology with chemical structures.
Information generated in the safety pharmacology panels should be considered together with PK/PD data and correlated with clinical observations obtained from
marketed drugs with similar safety pharmacology profile. We will demonstrate the
various utilities of in vitro safety pharmacology in the prediction of clinical ADRs.

1172

AEROSOL DELIVERY TO A MICROFLUIDIC HUMAN
BREATHING LUNG-ON-A-CHIP FOR INHALATION
TOXICITY.

D. C. Leslie1, 3, K. Domansky1, J. Fraser1, M. Khan1, G. A. Hamilton1, A.
Bahinski1 and D. E. Ingber1, 2, 3. 1Wyss Institute/Harvard University, Boston, MA,
2Children’s Hostpital Boston and Harvard Medical School, Boston, MA and 3School of
Engineering and Applied Sciences, Harvard University, Cambridge, MA.
In vitro model systems that accurately predict drug efficacy, bioavailability and toxicity in humans are needed to replace costly and time-consuming animal studies to
speed development and regulatory approval of new and safer medical products.
Although advances have been made in cell culture models, these methods, in many
cases, still fail to accurately predict toxicity in humans mainly due to insufficient reconstitution of the key structural and mechanical features of the whole organ.
Recently, we demonstrated a biomimetic microfluidic device that reproduces the
alveolar-capillary interface of the human lung under physiologically relevant cyclic
mechanical strain and flow conditions. But aerosol drug delivery to cells at an air
interface in a physiologically relevant manner constitutes a challenge, especially on
the microscale. We address this challenge and report delivery of aerosolized microdroplets into a microfluidic device with human cells at an air-liquid interface. A
commercial prescription nebulizer generates aerosolized liquid droplets. A design
incorporating a miniature impactor delivered the respirable fraction to the alveolar
epithelial monolayer. We have demonstrated cell vitality after aerosol delivery.
Using this method, drugs, particles and toxins can be administered to human lung
cells cultured at an air interface in microfluidic channels, where the environment
closely mimics the in vivo mechanical and structural environment. Integration of
this aerosol delivery system with the breathing lung-on-a-chip microdevice provides
a new method to measure pulmonary absorption, efficacy and toxicity of
aerosolized drugs, particles and toxins. Ultimately, aerosol drug delivery to biomimetic cell culture devices should provide a more accurate model for drug and
toxicity screening.

1173

PROTEOMIC ANALYSIS OF CARBONYLATED
PROTEINS IN THE KIDNEYS OF TRICHLOROETHENEEXPOSED MRL+/+ MICE.

X. Fan1, G. Wang1, R. English2 and M. Khan1. 1Pathology, University of Texas
Medical Branch, Galveston, TX and 2Biomolecular Resource Facility, University of
Texas Medical Branch, Galveston, TX.
Trichloroethene (TCE), a common environmental and occupational pollutant, is
associated with multi-organ toxicity leading to diseases like cancer and autoimmune diseases. Kidney is one of major target organs affected as a result of TCE exposure. Our previous studies have showed that exposure to TCE causes increased
protein oxidation (protein carbonylation) in kidneys of MRL+/+ mice, and suggested a potential role of carbonyl stress in TCE-mediated toxicity. However, identity of carbonylated proteins and potential changes in their structural and functional properties remain unknown. To assess the impact of chronic low dose TCE
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exposure on protein oxidation, particularly to identify the carbonylated proteins in
kidneys, female MRL+/+ mice were treated with TCE at the dose of 2 mg/ml via
drinking water for 36 weeks and kidney protein extracts were analyzed for protein
carbonyls and carbonylated proteins identified using proteomic approaches (2D
gel, Western blot, MALDI TOF/TOF MS/MS, etc.). TCE exposure led to significantly increased protein carbonyls in the kidney protein extracts (20,000g pellet
fraction). Interestingly, among 18 identified carbonylated proteins, 10 were found
only in the kidneys of TCE-treated mice, whereas other 8 were present in the kidneys of both control and TCE-treated mice. The identified carbonylated proteins
represent skeletal proteins, chaperones, stress proteins, enzymes, plasma protein,
and proteins involved in signaling pathways. These findings provide a map for further exploring the role of carbonylated proteins in TCE-mediated nephrotoxicity.

1174

PROFILING PROTEIN CARBONYLATION IN A
MURINE MODEL OF ALCOHOLIC LIVER DISEASE.

J. Galligan1, R. L. Smathers2, J. D. Gomez2, K. S. Fritz2 and D. R. Petersen2.
1Pharmacology, University of Colorado, Aurora, CO and 2Skaggs School of Pharmacy
and Pharmaceutical Sciences, University of Colorado, Aurora, CO.
Hepatic oxidative stress is a well recognized result of sustained ethanol consumption. The resulting formation of lipid peroxidation end-products has been proposed
to play a role in pathogenesis of alcoholic liver disease (ALD). These reactive electrophiles are well documented to form covalent adducts with protein side-chains
(e.g. protein carbonylation) potentially leading to altered protein activity, structure
and/or localization. To investigate the role of protein carbonylation in ALD, a 6week ethanol feeding regimen was employed in C57BL/6 mice. Ethanol-fed mice
displayed a 2-fold increase in hepatic TBARS while immunohistochemical analysis
for the reactive aldehydes 4-hydroxynenenal (4-HNE), 4-oxononenal (4-ONE),
malondialdehyde (MDA) and acrolein (ACR) revealed a significant increase in the
staining of modified proteins in the ethanol-treated mice. Increased protein carbonyl content was confirmed utilizing subcellular fractionation of liver homogenates followed by biotin-tagging through hydrazide chemistry. This revealed
approximately a 2-fold increase in aldehyde-modified proteins in microsomal and
cytosolic fractions. Novel targets of protein carbonylation were identified utilizing
avidin binding followed by 2-dimensional liquid chromatography tandem mass
spectrometry (2D LC-MS/MS). Our results have identified 414 protein targets for
modification by reactive aldehydes in a mouse model for ALD; these data have also
confirmed the presence of novel in vivo sites of protein modification by 4-HNE, 4ONE, MDA and ACR. Bioinformatic analysis was also performed on a composite
list of protein identifications and elucidates key pathways associated with the
pathogenesis of ALD including lipid homeostasis, fatty acid metabolism, amino
acid metabolism and protein acetylation. (R37 NIH/AA009300 & F31
AA018606).

1175

PROTEOMIC IDENTIFICATION OF CARBONYLATED
PROTEINS IN RAT HIPPOCAMPUS AFTER 1BROMOPROPANE EXPOSURE.

Z. Huang1, 4, S. Ichihara2, S. Oikawa3, J. Chang1, L. Zhang1, K. Subramanian1,
S. Sheik Mohideen1 and G. Ichihara1. 1Nagoya University Graduate School of
Medicine, Nagoya, Japan, 2Mie University Graduate School of Regional Innovation
Studies, Tsu, Japan, 3Mie University Graduate School of Medicine, Tsu, Japan and
4Guangdong Prevention and Treatment Center for Occupational Diseases, Guangzhou,
China.
1-Bromopropane (1-BP), an alternative to ozone-depleting solvents, is neurotoxic
both in animals and humans. Previous proteomic analysis of hippocampal tissues
from rats identified alteration of protein expression and pathways involved in oxidative stress, suggesting that oxidative stress may play a role in 1-BP neurotoxicity.
The present study investigated the contribution of oxidative stress to 1-BP neurotoxicity at protein level. Male F344 rats (n=9 /group) were exposed to 1-BP at 0,
400, or 1000 ppm, 8 hr/day for 1 week or 4 weeks. Protein carbonyl assay, two-dimensional gel electrophoresis, immunoblotting, and matrix-assisted laser-desorption ionization time-of-flight mass spectrometry (MALDI-TOF-TOF/MS) were
utilized to analyze quantitatively protein carbonylation in the rat hippocampus.
Advanced glycation end products (AGEs) level was detected in the hippocampus
and plasma by ELISA assay. Hippocampal protein carbonylation increased significantly after 1-BP exposure at 1000 ppm for 4 weeks, demonstrating 1-BP-associated induction of oxidative stress. MALDI-TOF-TOF/MS identified 10 carbonylated proteins whose levels significantly increased (p<0.05; fold change ≥ 1.5) with
1-BP exposure. The identified proteins were involved in biological processes such as
glycolysis, ATP production, tyrosine catabolism, GTP binding, guanine degrada-

tion or ethanol metabolism. AGEs levels significantly increased at 1000 ppm for 4
weeks both in the hippocampus and plasma, and regression analysis revealed that
plasma AGEs level was significantly related with hippocampal AGEs level. The
study suggests a mode of 1-BP toxicity in rat hippocampus might involve oxidative
damage to cellular proteins, and elevated AGEs level may be involved in 1-BP neurotoxicity, as well as plasma AGEs level could be a potential biomarker of 1-BP neurotoxicity.

creases active site interaction energy (zRank score) by 15%. This irreversible modification has been considered a biomarker for oxidative stress-induced cellular damage and may be a future therapeutic target for chemoconvulsant neurotoxicity.
(RO1NS039578)
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DICARBONYL ADDUCTION OF PLASMINOGEN:
POSSIBLE ROLE IN DIABETIC CARDIOVASCULAR
COMPLICATIONS.

O. Kinsky, M. J. Kimzey, G. Tsaprailis, T. J. Monks and S. S. Lau. Southwest
Environment Health Science Center, Department of Pharmacology/Toxicology,
University of Arizona, Tucson, AZ.
Reactive dicarbonyls, such as methylglyoxal (MG), are present in blood and react
with arginines (R) of target proteins, leading to diabetic micro- and macrovascular
complications. Normal MG plasma concentrations are estimated to reach 4.5 μM,
with these values tripling as diabetic complications progress. Dicarbonyls irreversibly modify R residues, resulting in a net loss of positive charge via hydroimidazolone formation. Shotgun LC/LC-MS/MS proteomics analysis of human serum,
reacted with 5 mM MG (18 hrs at 37C), produced adducts on 7 different plasma
proteins; albumin, transferrin, fibrinogen, haptoglobin, apolipoprotein A-1, α-1acid glycoprotein and plasminogen (PLG). Although PLG was the least abundant
plasma protein modified by MG, it was second only to fibrinogen in the number of
modified peptides (R504, R561, R610, R637, R712, R638, R712, R767, R779,
and R789). Albumin, present at concentrations ~104 greater than PLG, yielded far
fewer modified sites (R218, R257, R410, R428, R485). The findings indicate that
Rs within the tail region of PLG are particularly susceptible to MG-mediated modifications. While the basis for this is unclear, molecular modeling revealed that
R561 is solvent exposed, rendering this specific site highly susceptible to MG modification. Modified R561 in PLG is of particular biological interest because of its
role in the thrombolytic cascade, being the site of cleavage from plasminogen to
plasmin. Consistent with the data obtained from human serum, reactions of PLG
with as little as 50 μM MG (48 hrs at 37C) reproduced the modified R561 adduct.
Modification of PLG was further confirmed by western blot analysis using an antiMG antibody. The data demonstrate that R561 is a hot spot on PLG, the modification of which may disrupt the thrombolytic cascade thereby contributing to vascular complications associated with diabetes. The functional significance of the
MG-mediated R561 adduction of PLG is under investigation. (R24DK083948,
ABRC, ES016652, T32ES007091, P30ES006694).

C. C. Franklin, K. S. Fritz, D. S. Backos, D. R. Petersen and P. Reigan.
Department of Pharmaceutical Sciences, University of Colorado Health Sciences
Center, Denver, CO.
The glutathione (GSH) antioxidant defense system plays a critical role in maintaining cellular redox homeostasis and counteracting the deleterious effects of oxidative
stress. GSH can also be utilized in disulfide exchange reactions resulting in formation of mixed protein-glutathione disulfides and S-glutathionylation of proteins is
gaining recognition as an important signal transduction mechanism during oxidative stress. The first and rate-limiting step in GSH biosynthesis is catalyzed by glutamate cysteine ligase (GCL), a heterodimeric holoenzyme composed of a catalytic
(GCLC) and modulatory (GCLM) subunit. While cellular GCL activity is highly
sensitive to relative GCL subunit expression levels, we and others have demonstrated that post-translational modifications of the GCL subunits may play a major
role in the acute regulation of GCL activity. In this study, purified recombinant
proteins were utilized to demonstrate that GCLC and GCLM are both direct targets for reversible S-glutathionylation in vitro. S-Glutathionylation increased
GCLC activity ~2-fold, yet had little effect on GCL holoenzyme activity.
Furthermore, while S-glutathionylation prevented GCL holoenzyme formation
and activity, it did not dissociate the GCL holoenzyme complex. The masking of
relevant cysteine residues may account for these apparent discrepancies as prior formation of GCL holoenzyme significantly reduced S-glutathionylation of both GCL
subunits. Mass spectrometry analysis identified multiple residues on both GCL
subunits that are modified and may be functionally relevant based on in silico molecular modeling. In aggregate, these findings demonstrate that GCLC activity and
GCL holoenzyme formation and activity can be regulated via direct post-translational S-glutathionylation of the GCL subunits in vitro. This novel post-translational regulation of GCL activity could significantly affect cellular redox homeostasis and signal transduction during periods of oxidative stress.
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POSTTRANSLATIONAL OXIDATIVE MODIFICATION
AND INACTIVATION OF MITOCHONDRIAL
COMPLEX I IN KAINATE NEUROTOXICITY.

K. Ryan, L. Liang, D. Backos, P. Reigan and M. Patel. Pharmaceutical Sciences,
University of Colorado Denver, Aurora, CO.
Chemoconvulsants such as the excitotoxic glutamate analog, kainate, can result in
acute and chronic hippocampal neurotoxicity resembling damage associated with
temporal lobe epilepsy (TLE). We aimed to investigate the role of mitochondrial
oxidative stress in the rat kainate model of TLE, specifically its contributions to mitochondrial dysfunction and consequential development of spontaneous seizures
(ie. epileptogenesis). We hypothesized that persistent mitochondrial oxidative stress
decreases mitochondrial protein function and bioenergetics [mitochondrial redox
status (CoASH/CoASSG), bioenergetics (ATP/ADP), complex I (CI) activity and
post-translational modifications to CI subunits] that contribute to epileptogenesis.
To address this theory, indices of mitochondrial function were measured in hippocampus of saline and kainate (11mg/kg) treated rats shortly after administration
(48hr), prior to the development of epilepsy (1wk), and during epilepsy (6wk).
The CoASH/CoASSG ratio decreased ~70-80% at all time points while CI activity
and the ATP/ADP ratio decreased 20-30% at 48hr and 6wk. Furthermore, arginine 76 (Arg76) was oxidatively modified to a semi-glutamic aldehyde (GSA) product (ie. carbonylation) on the 75kDa subunit of CI. Ndufs1 (75kDa) modification
was identified with an Agilent 6510 QTOF LC/MS system and MS/MS peptide
data was dually analyzed with Mascot 2.2 (Matrix Science) and SpectraMill
(Agilent). A correlation was observed between total mitochondrial carbonylation
via biotin-hydrazide immunoblotting, specific Ndufs1 carbonylation at Arg76, and
inhibition of CI activity. Molecular modeling studies reveal that Arg76 is located in
the active site of CI and its carbonylation impacts local protein folding and de-

POSTTRANSLATIONAL MODIFICATION AND
REGULATION OF GLUTAMATE CYSTEINE LIGASE BY
S-GLUTATHIONYLATION.

PLASMA PROTEIN NITRATION: A USEFUL
BIOMARKER FOR DETECTING UNDIAGNOSED COPD
IN TOBACCO SMOKERS.

R. C. Zangar1, H. Jin1, B. Webb-Robertson1, D. Bigelow1, M. Schloand2, J.
Hoidal2 and J. Pounds1. 1Cell Biology and Biochemistry, Pacific Northwest National
Laboratory, Richland, WA and 2Health Sciences Center, University of Utah, Salt Lake
City, UT.
Chronic obstructive pulmonary disease (COPD) affects millions of Americans,
with as many as 10 million undiagnosed cases. Early detection of COPD improves
long-term prognosis and health, suggesting a need for a simple screen for detecting
COPD in high-risk subjects, particularly current and past smokers. We evaluated
nitrotyrosine in 23 individual plasma proteins as markers for early detection of
COPD. A custom antibody microarray platform was developed to analyze the levels of 3-nitrotyrosine modifications on 24 proteins. Samples from 282 smokers
were analyzed, including 193 with COPD and 89 without COPD (nonCOPD).
We observed a consistent increase in nitrotyrosine levels in smokers with COPD
that is presumably associated with chronic inflammation. When using only the nitrotyrosine protein data, a classification accuracy of 77% in an independent test set
could distinguish between smokers with and without COPD. A more favorable
classification could be achieved by combining clinical measures with the nitrotyrosine data. In these analyses, age, BMI, systolic and diastolic blood pressures, years
smoking and carboxyhemoglobin levels were included. The final classification
model was derived from an iterative variable selection routine which found that
four variables (age, BMI, nitrated ceruloplasmin and nitrated surfactant protein A)
could classify nonCOPD from COPD with an accuracy of 86% in the independent
sample set. These data were also examined using receiver operator characteristic
(ROC) curves. The ROC curves produced area-under-the-curve values that ranged
between 0.55 and 0.69 for the four individual variables, but was 0.81 for the combined variables. Thus, nitrated plasma proteins have promise as biomarkers for
identifying subjects that are at high risk for having undiagnosed COPD. Supported
by NIEHS Exposure Biology Program, U54 ES106015.
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2D-LC-MS ANALYSIS OF OXIDIZED LIPID SPECIES:
APPLICATION TO THE STUDY OF CARDIOLIPIN IN
APOPTOSIS AND DAMAGED TISSUE.

A. Samhan-Arias1, V. Tyurin1, Y. Tyurina1, H. Bayir1, 2, V. Kagan1 and A.
Amoscato1. 1EOH, University of Pittsburgh, Pittsburgh, PA and 2Critical Care
Medicine, University of Pittsburgh, Pittsburgh, PA.
Oxidized lipid species are important signaling molecules that usually exist in low
abundance in biological tissues. Along with their inherent stability issues, these oxidized lipids present themselves as a challenge in their detection and identification.
These oxidized lipid species can co-chromatograph with non-oxidized species making their detection extremely difficult. In this study, a normal-phase and reversephase two dimensional HPLC-mass spectrometric system was applied to separate
oxidized phospholipids from their non-oxidized counterparts, allowing unambiguous detection in a total lipid extract. We have utilized bovine heart cardiolipin as
well as commercially available tetralinoleoyl cardiolipin oxidized with cytochrome c
and hydrogen peroxide as well as with lipoxygenase to test the separation power of
the system. We found that oxidized and nonoxidized phospholipid species can be
clearly separated from in this two dimensional system. We utilized two biologically
relevant model systems, namely rotenone treatment of lymphocytes to induce mitochondrial damage and cell death as well as traumatic brain injury, to separate and
identify cardiolipin oxidation products, critical to the cell death pathways in these
tissues following cellular stress/injury. We identified oxidized linoleic acyl chains
(50%) as the preferred moieties for oxidation in cardiolipin, followed by arachidonic (31%) and docosahexaenoic acyl chains (18%). The ability of the two-dimensional HPLC-mass spectrometric system to detect and characterize oxidized
lipid products will allow new studies to be formulated to probe the answers to biologically important questions with regard to oxidative lipidomics and cellular insult. Supported by NIOSH OH008282; NIH U19 AI068021, HL70755,
HL094488, NS061817; ES020693, ES021068.
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CELL-BASED ANALYSIS OF LIPID PEROXIDATION
AND LIPID PEROXIDATION-DERIVED PROTEIN
MODIFICATIONS USING FLUORESCENCE
MICROSCOPY.

B. S. Mandavilli, R. J. Aggeler, A. Rukavishnikov, C. Pickens, U. Singh, H.
Kang, K. Gee, B. Agnew and M. S. Janes. Cell Imaging and Analysis, Life
Technologies, Eugene, OR.
Oxidative stress plays an important role in the progression of several diseases including inflammation, atherosclerosis, aging and age-related degenerative disorders.
Reactive oxygen species damage membrane bound lipids including unsaturated
fatty acids like linoleic acid and arachidonic acid to form lipid electrophiles, which
can rapidly react with proteins and DNA to form adducts. Cell-based measurements of lipid peroxidation and protein carbonylation by fluorescence microscopy
provide a powerful platform to quantitate lipid peorxidation in cells and also monitor spatial distribution of damage caused by lipid peroxides. Here, we used 2 different approaches to measure lipid peroxidation in cells. 1) A ratiometric determination of lipid peroxidation using a fluorescent ratiometric lipid probe for live cells
which is incorporated into cellular membranes and emits at 590 nm. Under oxidative stress conditions, the oxidation of the dye results in a shift of fluorescence to a
peak emission of 510 nm. 2) In a click chemistry based approach, unsaturated fatty
acid analogs like linoleic acid alkyne or arachidonic acid azide are incorporated into
the cellular membranes and the products resulting from oxidation, like HNE and
DODE can readily modify DNA or proteins. The modified proteins are then analyzed by click reaction using fluorescent tagged alkynes or azides. Using these approaches, we measured lipid peroxidation caused by oxidants like tert-butyl hydroperoxide, cumene hydroperoxide, menadione, hemin and lipolysaccharide in
BPAE and RAW macrophage cells. The oxidants produced 2-3 fold increase in lipid
peroxidation and protein modifications when compared to controls. The lipid peroxidation and the lipid peroxide-derived protein modifications were successfully inhibited by using anti-oxidants like α-tocopherol and mixed tocopherols. The 2
strategies described here to measure lipid peroxidation and the derived protein
modifications provide powerful tools to measure oxidative stress in cells.

1182

MALDI MASS SPECTROMETRIC IMAGING OF
CARDIOLIPIN AND ITS OXIDATION PRODUCTS
DIRECTLY FROM TISSUE SECTIONS IN A LUNG
OXIDATIVE DAMAGE MODEL.

L. J. Sparvero, A. Amoscato, B. Pitt and V. Kagan. EOH, University of Pittsburgh,
Pittsburgh, PA.
Molecular understanding of lipid functions and signaling mechanisms has created
the need for tissue selective assessment for localization of phospholipids and their
oxidation products while maintaining tissue integrity. Cardiolipin (CL) is a mito-
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chondria-specific anionic phospholipid that plays key roles in normal mitochondrial functions but also in cell death pathways. The molecular diversity of endogenous
CL in some tissues and the low abundance of its individual species, particularly oxidized derivatives, makes in situ analysis challenging. Current Mass Spectrometry
protocols using lung homogenates (LC-MS) have greatly enhanced our ability to
explore molecular species of CL and its oxidized products. However location-specific information on oxidation cannot be determined from homogenates. Assuming
that oxidative lipidomics analysis of acute lung injury will directly benefit from
MALDI-MS imaging, we assessed possible advantages of this frontier technology in
characterization of structural lipid changes in the lung. MALDI-MS imaging was
performed on thin lung sections from both naïve mice and ones receiving glucose
oxidase (GOX) intratracheally as a model of oxidative injury. Scanning was at the
diameter of the laser beam (20 microns), and each location scanned generated a
complete mass spectrum that correlated with tissue location. A strong increase in
oxidative degradation products of CL was observed by MALDI-MS imaging. Light
microscopy confirms the preservation of tissue structure (without fixation). Serial
sections were homogenized and analyzed by LC-MS to confirm the CL species
identified by MALDI-MS Imaging. Assignment to an anatomical region suspected
to be injured (e.g. airways) has been achieved. Supported by NIOSH OH008282;
NIH U19 AI068021, HL70755, HL094488, ES020693, ES021068, CCSG-P30
CA047904

1183

GLUTATHIONE DYNAMICS AND DIFFERENTIAL
SENSITIVITY TO PRO-OXIDANTS DURING
ZEBRAFISH DEVELOPMENT.

A. R. Timme-Laragy1, J. V. Goldstone1, J. M. Hansen2, J. J. Stegeman1 and M.
E. Hahn1. 1Biology, Woods Hole Oceanographic Institution, Woods Hole, MA and
2Pediatrics, Emory University, Atlanta, GA.
The embryonic development of vertebrates is highly susceptible to disruption by
exposure to chemicals, many of which may cause oxidative stress. However, very little is known about the endogenous oxidative stress response and antioxidant defenses during early life stages. We have characterized the developmental redox dynamics of the most abundant endogenous antioxidant defense system, glutathione.
We measured total glutathione, including reduced (GSH) and oxidized (GSSG)
species, and calculated the whole embryo reduction potential over the first 120
hours of zebrafish development. Total glutathione concentrations doubled between
12 hours post fertilization (hpf ) and hatching. The glutathione redox potential
(Eh) became less negative during the first 12 hours and then remained at approximately -190 mV until a rapid change at hatching to a highly negative (more reducing) Eh (-220 mV). This Eh remained steady through 120 hpf. We then examined
the impact of these changes in glutathione concentrations and redox potential on
the differential sensitivity of embryos to pro-oxidant exposure at different developmental stages. The sensitivity of embryos to a 4-hr exposure to the model pro-oxidant tert butyl hydroquinone (tBHQ) decreased prior to hatching, with embryos
exposed at 48 hpf being the least sensitive; the glutathione redox dynamics were
surprisingly resilient with these exposures. After hatching (between 72 and 120
hpf ), embryos became increasingly more sensitive to the lethal effects of tBHQ and
another pro-oxidant, tert butyl hydroperoxide (tBOOH). This differential sensitivity is not explained by the changes in either glutathione concentration or reduction
potential alone. However, these factors together, they may define the cellular redox
dynamics important for activation of the oxidant-responsive transcription factor
Nrf2 and subsequent upregulation of antioxidant defenses, and thus impact oxidant sensitivity. [F32ES017585, R01ES015912, R01ES016366]
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THE EFFECT OF MENADIONE ON GSTA1-JNK
COMPLEX DISSOCIATION AND JNK ACTIVATION IN
CACO-2 CELLS.

H. Adnan, M. Antenos and G. M. Kirby. Biomedical Sciences, University of
Guelph, Guelph, ON, Canada.
Glutathione-S-transferases (GSTs) are a family of phase II detoxification enzymes
that catalyze the conjugation of glutathione (GSH) to a variety of environmentally
and endogenously produced electrophilic substances. The human alpha class
GSTA1 is critical in the cellular defense against the deleterious effects of oxidative
stress through their selenium-independent peroxidase activity. GSTs also act as
modulators of MAPK signal transduction pathways via a mechanism involving protein–protein interactions. We have demonstrated that GSTA1 forms complexes
with JNK. However the factors that regulate the dissociation of GSTA1 from JNK
have not been identified. We hypothesized that menadione-mediated oxidative
stress activates JNK, causes dissociation of GSTA1-JNK complexes and that the degree of oxidative stress depends on the level of GSTA1 expression. Human colonic
adenocarcinoma (Caco-2) cells show a progressive increase in GSTA1 protein ex-

pression from preconfluency to postconfluency. We demonstrate that the pro-oxidant menadione causes dissociation of GSTA1-JNK complexes and JNK activation
in preconfluent Caco-2 cells only, whereas postconfluent cells are predominantly
resistant to menadione-mediated complex dissociation. Our results provide novel
evidence that GSTA1 plays a direct role in regulating JNK activation through complex formation. Preconfluent cells are more sensitive than postconfluent cells to
menadione-induced cytotoxicity. Additionally, menadione induces transient JNK
activation and following the removal of stimulus GSTA1 re-associates with JNK
and significantly reduces cellular cytotoxicity. Modulated levels of GSTA1 affect
GSTA1-JNK complex association and N-acetyl cysteine blocks menadione-induced JNK activation in Caco-2 cells. These results suggest that the mechanism of
menadione-mediated JNK activation involves the production of reactive oxygen
species and that the level of intracellular GSH plays an important role in preventing
menadione-induced GSTA1-JNK complex dissociation.
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rier [H2NO2]+, was added prior to the reaction of Fe2+ with ROOH. While the AS
pre-treatment did not effect the yields of Fe3+-XO complex, it was realized that the
FOX assay with some modifications could be used to determine NO2– with detection limits that are similar to those reported for typical ROOH. The formation of
Fe3+-XO complex was linear over the NO2– concentration range of 1 to 20 μM and
the addition of AS complely abolished the increase in A560 nm at all concentrations
of NO2–. These results indicate the specificity of the FOX assay for NO2– through
use of AS-treated controls. These findings are important and timely in view of an
ever increasing interest in the physiology of NO2– and numerous pathological states
(urinary tract infections and pediatric acute kidney injury) wherein simultaneous
determination of NO2– and H2O2 is indicated. [Support from NSF
(HRD1043316 and HRD 0847742) and the US Department of Education
(PO31B040030) is acknowledged].

1187
MENADIONE-INDUCED OXIDATIVE AND
NITROSATIVE STRESS IN C2C12 MYOTUBES.

P. Venkatakrishnan, K. S. Hinchee, S. Panda, B. S. Masters and L. J. Roman.
Department of Biochemistry, University of Texas Health Science Center San Antonio,
San Antonio, TX.
Skeletal muscle cells are subject to frequent oxidative challenges due to rapid
changes in energy demand and oxygen flux, high metabolic activity, and the presence of high levels of heme-containing proteins. Nitric oxide synthases (NOS),
which contain heme, can reduce redox-cycling compounds, which then reduce molecular O2 to superoxide anion radical(O2.), depleting molecular O2 and causing
free radical-mediated oxidative injury and peroxynitrite formation. O2. reacts with
NO. to form peroxynitrite, thus potentially decreasing bioavailable NO.. Here, we
study the effect of the redox-cycler, menadione (Mn), on C2C12 myotubes and the
involvement of NOS in Mn-induced oxidative stress using a general and an nNOSspecific inhibitor, L-NAME (3 mM) and ETPI (100 μM), respectively.
Quantitative real time PCR of myotubes treated with Mn (10 μM) for 24 hours
showed slightly increased nNOS expression (~25%), which increased to >2.3-fold
with NOS inhibitors. Such behavior may indicate that the cells compensate for decreased bioavailable NO. with an increase in nNOS expression. Immunochemical
analyses with Mn +/- NOS inhibitor treatment demonstrate increased nNOS protein expression when compared to myotubes, untreated or treated with NOS inhibitor alone. The expression of caveolin 3 (Cav3), a protein shown both to be necessary for myotube formation and to cause inhibition of NO. synthesis by nNOS,
was significantly decreased (73%) with Mn treatment. In the presence of ETPI,
Cav3 is dramatically decreased (82%), indicating that myotubes may actively
down-regulate NOS-inhibitory proteins to increase bioavailable NO.. Additionally,
AKT1, NFκB1 and iNOS were also decreased by 40-50%. With Mn, GPX1 expression was decreased significantly but SOD1 expression was not affected. With
NOS inhibitors, GPX1 levels were restored whereas SOD1 levels increased more
than 2-fold. Further studies are being performed exploring the mechanism involving Mn-induced oxidative/nitrosative stress(Supported by NIH GM052419 to
BSM and LJR).

ACETAMINOPHEN INDUCES THE TRANSCRIPTION
OF THE ANTIOXIDANT PROTEINS THIOREDOXIN 1
(TRX-1) AND GLUTAREDOXIN 1 (GRX-1)IN THE
BRAIN AND LIVER OF BALB/C MICE.

C. Valdovinos-Flores1, J. H. Limén-Pacheco2, R. M. Navarrete-León1, P.
Petrosyan1 and M. E. Gonsebatt1. 1Instituto de Investigaciones Biomédicas,
Universidad Nacional Autónoma de México, México, D.F., Mexico and 2Instituto de
Neurobiología, Universidad Nacional Autónoma de México, México, Querétaro,
Mexico.
Tissues and organs express different levels of antioxidants, such as glutathione
(GSH). Exposure to environmental toxins and/or pharmaceutical drugs induces
differential organ-specific responses and/or damage. Acetaminophen (APAP) is an
analgesic and antipyretic drug that can cause severe liver damage when high doses
are administered. The damage is caused by the depletion of intracellular GSH and
an excess of N-acetyl-p-benzoquinone imine (NAPQI) metabolite that reacts with
cellular and mitochondrial proteins producing cell damage and tissue necrosis by
mechanisms involving oxidative stress. In this study, we analyzed the response to an
intraperitoneal (i.p.) injection (300 mg/kg) of APAP at 1, 2 and 3 h after administration in the livers, brains, and kidneys of BALB/c male mice. We observed a significant decrease in the levels of GSH in the livers and kidneys, and an increase in
the transcription of Nrf2 and Grx-1 in the liver. In the brain, we found an increase
in the transcription of Grx-1 and Trx-1 associated with NF-κB nuclear migration.
In the kidney, the up-regulation of these antioxidant proteins was not observed,
which coincides with the significant increase in lipid peroxidation.
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COMPARISON OF N-ACETYLCYSTEINE, SMETHYLCYSTEINE AND AMINOMETHANESULFONIC
ACID FOR THE ABILITY TO ATTENUATE
ACETAMINOPHEN-INDUCED CHANGES IN PLASMA
INDICES OF OXIDATIVE STRESS IN THE RAT.

S. Koganti, M. C. Parikh and C. A. Lau-Cam. Pharmaceutical Sciences, St. John’s
University, Jamaica, NY.
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DETERMINATION OF NITRITE USING A MODIFIED
FERROUS OXIDATION-XYLENOL ORANGE (FOX)
ASSAY: AN INTERFERENCE TURNED INTO A USEFUL
METHODOLOGY.

S. Uppu1, A. D. Logan1, R. M. Uppu2, 1 and M. O. Fletcher Claville1, 2.
1Chemistry, Southern University, Baton Rouge, LA and 2Environmental Toxicology,
Southern University, Baton Rouge, LA.
The Fe2+ oxidation-xylenol orange (XO) method of determination of hydroperoxides (ROOH, where R = H, alkyl or aryl moiety), popularly referred to as the FOX
assay, is known for its robustness, sensitivity, and adaptability for high throughput
screening. The assay is based on the principle that under moderately acidic conditions (pH≈1-2) where there is negligible autoxidation of Fe2+, there is stoichiometric oxidation of Fe2+ to Fe3+ by ROOH and the Fe3+ so formed can be measured
photometrically at 560 nm following complex formation with XO. A number of
variations have been sought in the past to expand the application of this basic
methodology to ROOH coming from oxidation of lipids, proteins, and nucleic
acids. During the course of customizing the FOX assay, we noticed that NO2– present as an inadvertent contaminant in peroxynitrite (PN) interferes with the determination of ROOH. The NO2– interference could be abolished when ammonium
sulfamate (AS), a chemical scrubber that removes HNO2 or its putative NO+-car-

Three sulfur-containing compounds representing an analog of cysteine (N-acetylcysteine = NAC, S-methylcysteine = SMC) or homolog of taurine (aminomethanesulfonic acid = AMSA) were compared for the ability to attenuate changes in
plasma indices of oxidative stress induced by acetaminophen (APAP) in a rat
model. Sprague-Dawley rats (225-250 g), assigned to groups of n = 6, were treated
with a single, 800 mg/kg, i.p., dose of APAP. The treatment compounds (2.4
mmol/kg, i.p.) were administered 30 min before APAP. At 6 hr after APAP administration, the rats were sacrificed by decapitation and their blood collected over
sodium heparin. Control groups received only physiological saline (PHS, 2 mL,
i.p.) or only APAP. The plasma fractions were assayed for malondialdehyde (MDA),
nitric oxide (NO), reduced (GSH) and oxidized (GSSG) glutathione contents, and
for antioxidant enzymes (catalase, glutathione peroxidase, superoxide dismutase),
glutathione reductase and glutathione S-transferase activities. APAP elevated the
plasma levels of MDA and NO, reduced those of GSH, and GSSG, and inhibited
the activities of antioxidant and GSH-related enzymes to a significant extent (all
changes by ≥43%, p<0.001) compared to corresponding values for rats receiving
only physiological saline. Without exceptions, these alterations were attenuated by
a sulfur-containing treatment compound, with the order of potency usually decreasing in the order NAC>SMC>AMSA. These results suggest that small molecular weight sulfur-containing compounds (1-3 carbon long) containing a sulfonate
plus an amino group (AMSA) or the cysteine structure plus a S-acyl (SMC) or Nacetyl (NAC) substituent can offer different degrees of protection against oxidative
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stress by a hepatotoxic dose of APAP. The noted differences in potency may reflect
differences in intrinsic antioxidant properties and/or susceptibility to undergo intracellular conversion to GSH.
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ALL-TRANSRETINOIC ACID AFFORDS
CYTOPROTECTION AGAINST REACTIVE OXYGEN
SPECIES-INDUCED RENAL INJURY.

J. Sapiro, J. Lord-Garcia, Z. Jia, A. Gallegos, R. D. Canatsey, T. J. Monks and
S. S. Lau. Department of Pharmacology/Toxicology, University of Arizona, Tucson,
AZ.
Ischemia reperfusion injury (IRI) and chemical-induced nephrotoxicity are major
etiologies of acute kidney injury during which reactive oxygen species are released.
11-Deoxy-16,16-dimethyl-prostaglandin E2(DDM-PGE2) protects against 2,3,5tris-(glutathion-S-yl)hydroquinone (TGHQ) induced, ROS-dependent cell death
in LLC-PK1 cells. Immunoblotting and proteomics analyses revealed that DDMPGE2 cytoprotection was associated with a time-dependent increase in retinol
binding protein (RBP) synthesis, suggesting that retinoid signaling is engaged during this process. Pharmacological manipulations that abolished the ability of
DDM-PGE2 to induce RBP abrogated its cytoprotective effects, further indicating
that RBP is necessary for DDM-PGE2 mediated cytoprotection. While both alltrans-retinoic acid (ATRA) and 9-cis-retinoic acid (9-cisRA) possess biological activity, pretreatment with ATRA, but not 9-cisRA, afforded cytoprotection in LLCPK1 cells following TGHQ treatment. Moreover, the cytoprotective kinetics of
ATRA and DDM-PGE2 were identical, with maximal RBP induction and cytoprotection occurring at 12 and 24 hours, respectively. Chemical hypoxia was established in LLC-PK1 cells to recapitulate IRI conditions by exposing cells to 0.1 or 1
μM antimycin A for 3 hours in glucose free media. Consistent with the effects of
ATRA on TGHQ-induced cytotoxicity, ATRA pretreatment completely protected
hypoxic cells from cytotoxicity as assessed by a mitochondrial dehydrogenase enzyme activity assay (MTT). Moreover, ATRA significantly reduced 8-oxo-deoxyguanosine levels in human kidney HK2 cells after TGHQ challenge.
Collectively, these data reveal that ATRA protects renal cell injury, at least in part,
via suppression of ROS-mediated oxidative damage. Therefore, ATRA may provide
an effective therapeutic strategy in chemical-induced renal injury or pathological
conditions where ROS contribute to the disease progression. (ES006694,
ES016578).
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ALIPHATIC ALCOHOLS MAY PRODUCE
NEPHROTOXICITY VIA OXIDATIVE STRESS(OS) AND
INFLUENCE SIRT1 AND FOXO3A EXPRESSION IN
VIVO.

A. Patel1, V. Lawana1 and S. D. Ray2, 1. 1Pharmaceutical Sciences, AMS College of
Pharmacy, Brooklyn, NY and 2Pharmaceutical Sciences, Manchester College School of
Pharmacy, Fort Wayne, IN.
Most tissues survive in hostile environments by activating stress-responsive transcriptional regulators that coordinately increase production of protective factors.
Sirt1 is a key player in this pathway which dictates the regulation of important intracellular proteins such as, p53 and FOXO3A; FOXO3A inturn regulates antioxidant enzymes, such as, catalase & MnSOD. This study explored whether a series of
aliphatic alcohols (methanol, ethanol, isopropanol & t-Butanol) produce OS and
genomic injury in kidneys and if so, whether OS impact key members of the Sirt1
pathway (FOXO3A, p53, AROS & HIC1). To explore the underlying mechanisms, LD40 doses (25% soln in H2O) of these alcohols were administered orally
to 5 groups of 12 weeks old female ICR mice (Gr1-Control; Gr2-MeOH; Gr3EtOH; Gr4-Isop; Gr5-tButanol). All the animals were sacrificed 24 hrs after alcohol exposure, and blood was collected for serum chemistry and kidneys for tissue
biochemistry. Serum BUN level (mg/dL: Con-21; Buta: 97) indicated Butanol to
be the most potent inducer of nephrotoxicity, lipid peroxidation (nmol MDA/g
Con:332; Buta: 663) and genomic injury (Con: 100%; Buta:850%). Alcohols decreased the levels of key members of antioxidant team (glutathione, SOD and catalase). Western blot analysis revealed Butanol decreased Sirt1 expression, whereas it
showed corresponding increases in Acp53 and FOXO3A expression. In order to
map other regulators of this signaling pathway, HIC1 (Sirt1 repressor) and AROS
(Sirt1 activator) expressions were also analyzed. This study, for the first time, may
have demonstrated that aliphatic alcohol-mediated nephrotoxicity may depend
upon the number of carbon atoms and the degree of OS. At some point, Sirt1, a
redox-sensing NAD-dependent histone and/or protein deacetylase and its family
can get involved during ongoing OS-mediated cell injury to resolve nephrotoxicity.
This observation may have unraveled implications of a novel signaling mechanism
during alcohol nephrotoxicity.
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ROLE OF OXIDATIVE STRESS AND MAPK SIGNALING
PATHWAY IN OCCLUDIN SUBCELULAR
DISTRIBUTION IN THE NRK-52E CELLS.

L. Arreola-Mendoza1, 2, J. L. Reyes3, E. Sánchez3 and L. M. Del Razo2.
1Biosciences and Engineering, Ciiemad-IPN, D.F., Mexico, 2Toxicology, CinvestavIPN, D.F., Mexico and 3Physiology & Biophysics, Cinvestav-IPN, D. F., Mexico.
Tight Junctions (TJ) are specialized sites of cell–cell contact located at the upper
apical–lateral region of the plasma membrane, modulating the passage of water,
small molecules and ions. Their molecular organization implies the interaction between the transmembrane and the intracellular scaffold proteins. TJ are sensitivity
to oxidative stress. Chromate (Cr6+) is widely used in industrial processes and is
widespread found as environmental toxicant, exposure to this metal induce dysfunction in renal transport. In the biological systems reduction of Cr6+ to Cr3+ results in the formation reactive oxygen species (ROS). Cr6+ leads to activation of
JNK, p38 and ERK. In this study we evaluate the role of ROS by Cr6+ exposure in
the activation of JNK, p38, and ERK1/2 in NRK-52E and their effects on occludin
subcellular distribution and paracellular function. Cells viability was evaluated by
trypan blue and lactate dehydrogenase release and paracellular function by transepithelial electrical resistance and Dextran–FITC flux. Thereafter, cellular culture was
exposed to Cr6+ (100 μM) at 5, 10 and 30 min and 1 and 6 h, with or without
alpha-tocopherol treatment. Phosphorylation of MAPKs and occludin level were
evaluated by Western blotting and occludin subcellular distribution was by immunofluorescence. ROS level by DCFDA. Cr6+ induced time-depending ERK1/2
activation, as indicated by phosphor-ERK (1/2), 5 min, p38 phosphorylation was
slightly detectable only at 6 hours without change in the activation of JNK. Cr6+
induced ROS generation since 5 min until 1 h, and at 6 h ROS level was as a control. ROS were induced in the cells simultaneously treated with alpha-tocopherol
only at 5 and 10 min, and notably in presence of alpha-tocopherol ERK1/2 was not
activated. Our results showed a clear relationship between the induction of ROS
and the activation of ERK1/2 in NRK-52E, these effects was associated with the internalization of occludin and changes in the Dextran-FITC flux.

1192

METABOLISM-LINKED MACROPHAGEERYTHROCYTE COCULTURE ASSAY TO PREDICT THE
HEMOLYTIC POTENTIAL OF 8-AMINOQUINOLINE
ANTIMALARIALS IN G6PD-DEFICIENCY.

J. M. McMillan1, 2, N. A. Schulte1 and D. C. McMillan1. 1Pharmacology and
Experimental Neuroscience, University of Nebraska Medical Center, Omaha, NE and
2Environmental, Agricultural, and Occupational Health, University of Nebraska
Medical Center, Omaha, NE.
Existing preclinical toxicology procedures have been poorly predictive of the hemotoxic potential of 8-aminoquinoline antimalarial drug candidates that are subsequently found to cause hemolytic anemia in patients with hereditary deficiencies of
erythrocytic glucose-6-phosphate dehydrogenase (G6PD). A major limitation of
existing in vitro approaches to predict hemolytic potential is that they do not reproduce the in vivo response, namely premature removal of oxidatively-damaged erythrocytes from the circulation by macrophages in the spleen. We hypothesize that
an ex vivo human G6PD-deficient erythrocyte-macrophage co-culture system can
overcome this limitation and provide a screening tool to support 8-aminoquinoline
antimalarial drug development. To test this approach, we incubated human normal
and G6PD-deficient erythrocytes ± pooled human liver microsomes (HLM) with
primaquine (500 μM) for 1 hr at 37°C. After the incubation, the erythrocytes were
collected and co-incubated with J774A.1 murine macrophages for 24-48 hr to determine phagocytosis. Phagocytic uptake was assessed by 51Cr/PKH26-labeling of
erythrocytes. Uptake of erythrocytes exposed to primaquine in the absence of HLM
was not significantly different from uptake of controls. In the presence of HLM,
primaquine induced a significant increase in phagocytosis of normal erythrocytes,
and this response was enhanced significantly in G6PD-deficient erythrocytes.
These results suggest that a metabolism-linked human erythrocyte-murine
macrophage co-culture system can serve as a valid model for assessing parent drug
effects on human G6PD-deficient erythrocytes. Supported by UMiss subcontract
(USAMRMC W81XWH-07-2-0095).

1193

INDUCTION OF PHAGOCYTIC ACTIVATION BY
MIXTURES OF DICHLOROACETATE AND
TRICHLOROACETATE IN MICE AFTER SUBCHRONIC
EXPOSURE.

E. Hassoun, J. Cearfoss and A. Al-Dieri. Pharmacology, University of Toledo,
Toledo, OH.
Dichloroacetate (DCA) and trichloroacetate(TCA) are byproducts formed during
the process of drinking water chlorination and were previously found to induce
phagocytic activation and oxidative stress in the hepatic tissues of B6C3F1 male

mice after subacute and subchronic exposure. In order to determine the effects of
mixtures of DCA and TCA on phagocytic activation, groups of male B6C3F1 mice
were treated daily, by gavage, with 3 different mixtures (Mix I, Mix II and Mix III)
of the compounds for 13 weeks. The concentration of each compound in Mix I, II
and III corresponded respectively to that producing 15%, 25% and 35% of maximal induction of various biomarkers of phagocytic activation, including superoxide
anion SA) and tumor necrosis factor (TNF)-alpha production and myeloperoxidase
(MPO) activity in the subchronic studies. The mice were euthanized at the end of
the treatment period and peritoneal lavage cells were collected and assayed for the
levels of SA and TNF-alpha, as well as for MPO activity. While the effects on all of
the biomarkers in response to Mix. I and II were additive, they were less than additive in response to Mix III. DCA- and TCA-induced phagocytic activation by the
compounds was previously suggested as an adaptive response to protect against
their long term hepatotoxicity, hence the resultant effects may be viewed as adaptive/protective in response to Mix I and II, and as a protection failure in response to
Mix III. (Supported by NIH/NIEHS grant # R15ES013706-01A2)

1194

AGE-RELATED AND CIRCADIAN CHANGES IN THE
REDOX CYCLE IN MALE SPRAGUE DAWLEY RATS.

F. Y. Mohammed, W. Day and D. Zamorrano. Biology, University of Texas Pan
American, Edinburg, TX.
It is apparent that a major protective role against the reactive chemical intermediates, which are generated by bioreduction and cause oxidative stress by redox cycling, is provided by the ubiquitous glutathione (GSH) redox cycle. In this study
we have investigated the age related and circadian fluctuations in the levels of GSH
and those of lipid peroxides in normal male Sprague Dawley rats. Normal rats
(~200g) were assigned to different groups of 4-5 animals each. For circadian
changes the groups animals were killed at 4 hours intervals within a 24 hour cycle.
Blood and the organs studied exhibited distinct circadian variation both in GSH
concentrations and peroxidation of polyunsaturated fatty acids. There was a great
variation among organs in the periodicity and amplitude of the fluctuations in
GSH concentrations. Liver displayed the highest variation ( 50%) followed by
stomach (≈37%), heart ( 25%) and kidney ( 19%). The changes in other organs
were significant but of less magnitude. For age-related changes various tissues of animals of different age groups (1-36 months) were used. At all ages the GSH content
in the liver was 3-10 times higher that of other tissues. In the oldest group (36
months) of rats the GSH content of all tissues studied were lower (35-60%) than
that in 2.5 month old rats. The lipid peroxide levels increased by age in all tissues
studied. Implications of such variations and caution in interpretation of experimental results in response to the exposure of animals to xenobiotics are significant. The
studies also indicate that general characteristics of aging tissue may include a decrease in GSH content and increase in lipid peroxides showing a decrease in redox
cycling in senescence.

1195

GELSOLIN’S FUNCTIONS IN HEAVY ACUTE
RADIATION INJURY MOUSE AND CELL MODELS.

R. Min, J. Wang, Y. Cheng, D. Sun and M. Li. Naval M, Second Military
Medical University, Shanhai, China. Sponsor: P. Zhou.
Background Many factors involved in pathological process of heavy acute radiation
injuries remain to be revealed to reduce mortality during treatment. Actin is suspected releasing to tissue gap and blood pool from damaged tissues and cells during
radiation damage and would result in a secondary pathologic effect including dynamic change of blood flow, blood vessel wall damage and other cytotoxity. Gesolin
as one of main actin scavenging proteins had been found with antiinfection and antioxidation functions.Understanding potential function of gelsolin in radiation
damage might be helpful to find new way to reduce pathological damage and improve survival rate of heavy acute radiation syndrome. Methods BALB/c mice
whole body and cultured human intestinal epithelial cells (HIEC) in vitro were exposed to a 137Cs γ-ray source with different doses and a fixed dose rate. The
changes of plasma GSN (pGSN) level in peripheral blood of the mice and cytoplasmic (cGSN) level in cultured cell line were respectively determined. A recombinant pGSN was injected into irradiated mice body through tail vessel after irradiation and prothrombin time (PT), activated partial thromboplastin time (APTT),
glutathione (GSH) and malonaldehyde (MDA) indexes which could respectively
indicate coagulation and oxidative damage in tissue were analyzed at different times
post radiation and pGSN given. Results Radiation induced pGSN level decrease in
peripheral blood of the mice and cGSN level increase in cultured HIEC with a
dose-dependent manner. Giving of recombinant pGSN to irradiated mice after radiation, bleeding effect ameliorated as indicated by PT and APTT and antioxidative ability increased as indicated by GSH and MDA indexes. Conclusions GSNs

might have involved in pathologic proceeding of acute radiation damage and recombinant pGSN supplement to the heavy injuried mice might act some protective
functions by improving coagulatant and antioxidative mechanisms.
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INCREASED OXIDATIVE STRESS STATUS IN
NEURONAL CELLS EXPOSED TO XENOESTROGEN
BISPHENOL A.

S. Babu, A. C. Raghavamenon and R. M. Uppu. Environmental Toxicology,
Southern University, Baton Rouge, LA.
Bisphenol A (BPA) is a semi-persistent organic pollutant in industrial and urban
environments. Epidemiological studies have shown that urinary levels of BPA are
positively associated with higher incidence of cardiovascular disease, diabetes, and
abnormal concentrations of liver enzymes in non-institutionalized US populations
and increased expression of oxidative stress markers in postmenopausal Korean
women. Male albino rats exposed to low levels of BPA were shown to have decreased antioxidant enzymes. To understand the significance of oxidative stress in
BPA-induced toxicity, in the present study, we examined formation of intracellular
peroxides and superoxide anion (O•2−) in murine GT1-7 hypothalamic neurons exposed to low levels of BPA. It was found that GT1-7 neurons exposed to BPA (25100 μM) have increased levels of intracellular H2O2 or other peroxides (DCF fluorescence) when compared to control, vehicle-only exposed cells. The production of
peroxides in BPA exposed neurons was comparable to that observed in cells exposed
to menadione (25 μM; positive control) and was found to be linear for periods up
to 8 h. When co-incubated with N-acetyl-L-cysteine (NAC; 5 mM), in both BPAand menadione-exposed cells, there was little or no increase in the generation of
peroxides. In addition to increased levels of intracellular peroxides, there was evidence of augmented production of mitochondrial O•2−(MitoSOX red staining) in
both BPA and menadione exposed cells for periods up to 4 h. Co-incubation with
Trolox (0.5 mM) also markedly decreased the production of O•2−in these neuronal
cells. Taken together with results of our previous studies wherein it was shown that
BPA phenolate radical has strong pro-oxidant properties, these results suggest that
BPA increases the cellular oxidative stress presumably by promoting oxidation of
cellular redox carriers and increased production of intracellular O•2− and peroxides.
[Funding support from LONI Institute, NSF (HRD1043316), and the US
Department of Education (PO31B040030) is acknowledged. *Corresponding author’s e-mail: rao_uppu@subr.edu].
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PRO-OXIDANT ACTIVITY AND CYTOTOXICITY OF 1,
4-DIAMINO-2-BUTANONE TO MAMMALIAN CELLS
AND TRYPANOSOMA CRUZI.

E. J. Bechara1, 2, C. O. Soares2, M. M. Alves2, M. Boiani3 and L. J. Marnett3.
1Ciências Exatas e da Terra, Universidade Federal de São Paulo, Diadema, Brazil,
2Bioquímica, Universidade de São Paulo, São Paulo, Brazil and 3A.B. Hancock Jr.
Memorial Laboratory for Cancer Research, Vanderbilt University, São Paulo, Brazil.
1,4-Diamino-2-butanone (DAB), a putrescine analogue, is highly toxic to various
microorganisms including Trypanosoma cruzi. However, little is known about the
molecular mechanisms underlying its cytotoxic properties. Here we show that DAB
undergoes aerobic oxidation in phosphate buffer, pH 7.4, catalyzed by Fe(II) and
Cu(II) ions yielding NH4+ ion, H2O2 and 4-amino-2-oxobutanal. Propagation of
DAB oxidation by superoxide radical was confirmed by the inhibitory effect of
added SOD and stimulatory effect of xanthine/xanthine oxidase. EPR spin trapping studies with 5,5-dimethyl-1-pyrroline-1-oxide (DMPO), revealed the intermediacy of an adduct attributable to DMPO-HO radical, and with α-(4-pyridyl-1oxide)-N-tert-butylnitrone (POBN), a 6-line adduct assignable to POBN-DAB
radical. DAB (0.05 - 10 mM) showed to be more toxic to RKO (human colon carcinoma) cultured cells (IC50 ≈ 0.3 mM DAB, 24 h incubation) than to LLC-MK2
cells (IC50 ≈ 1.5 mM DAB, 24 h incubation), derived from Rhesus kidney epithelium. Changes in redox balance and in stress response pathways were indicated by
increased expression of Nrf-2, HO-1, NQO1 and xCT proteins. Caspase 3 and
PARP cleavage products suggested DAB-triggered apoptosis in RKO cells.
Similarly, DAB (0.05 - 5 mM) treatment of trypomastigotes, the infective stage of
T. cruzi, led to a decline of cell viability (IC50≈ 0.2 mM DAB, 4 h incubation), and
thiol redox imbalance dependent on the DAB concentration, parallel to an increase
in T. cruzi SOD activity. Accordingly, host cell invasion by trypomastigotes was also
hampered by DAB administration. Altogether, these data support the hypothesis
that oxidative stress contributes to the mechanism of DAB toxicity to a large spectrum of microorganisms, including T. cruzi. Support: FAPESP, CNPq, INCT
Redoxoma, and NIEHS 5P01ES013125.
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SULFUR DIOXIDE PROMOTES A PRO-OXIDANT
SHIFT IN IL-10-DEFICIENT MICE WITH AIRWAY
INFLAMMATION.

A. L. Reno1, L. M. Hallberg2, W. C. Spear1, J. L. Parks1, M. F. Principe3, E. G.
Brooks3 and B. T. Ameredes1. 1Internal Medicine, University of Texas Medical
Branch, Galveston, TX, 2Preventive Medicine and Community Health, University of
Texas Medical Branch, Galveston, TX and 3Pediatrics, University of Texas Health
Science Center, San Antonio, TX. Sponsor: C. Elferink.
RATIONALE: Inhaled sulfur dioxide (SO2) at low concentrations (1-5 ppm) can
produce bronchospasm in asthmatics, linked to increased oxidative stress, airway
inflammation (AI), and airway hyperresponsiveness, potentially because they are
deficient in IL-10 production. We tested this hypothesis in IL-10-sufficient
C57Bl6 (C57), and IL-10 knockout (-/-) mice, with experimentally-induced AI.
METHODS: AI was induced by sensitization and challenge with ovalbumin
(OVA), +/- inhaled SO2 (either during sensitization or post-sensitization (PS) with
simultaneous OVA challenge, 1 ppm for 6 hr/day over 10 days). Bronchoalveolar
lavage fluid (BALF) was analyzed for leukocyte counts; a pro-oxidant/anti-oxidant
balance (PAB) assay provided an index of oxidative stress, and heme oxygenase-1
(HO-1) in lung homogenates was measured by ELISA, as a stress indicator.
RESULTS: BAL macrophages remained unchanged across OVA and SO2 treatments, except for IL-10-/- mice, in which OVA + SO2 increased macs by 35%
(P<0.05). As expected, BAL eosinophils (eos) were significantly increased by OVA
challenge, but with OVA + SO2, eos were decreased in C57 mice (40%; P<0.05),
and increased nearly 3-fold in IL-10-/- mice (P<0.05). In IL-10-/- mice, HO-1 expression was positively correlated with eos (Rsq=0.72; P<0.01), but not in C57
mice. OVA-challenge did not alter the PAB in C57 mice, and remained unchanged
with SO2 during sensitization, but increased nearly 2-fold toward pro-oxidative,
with SO2 + OVA PS (P<0.05). In the absence of IL-10, this balance was further
shifted toward pro-oxidative, by another 14% (P<0.05).
CONCLUSIONS: The results indicate that IL-10 is a critical factor in the
eosinophilic and oxidative stress responses of the airway to SO2 inhalation, and its
lack may be why asthmatics experience detrimental effects at low SO2 concentrations.

1200

F. Usuki1, A. Yamashita2 and M. Fujimura3. 1Clinical Medicine, National Institute
for Minamata Disease, Minamata, Japan, 2Department of Microbiology and
Molecular Biodefense Research, Yokohama City University School of Medicine,
Yokohama, Japan and 3Department of Basic Medical Sciences, National Institute for
Minamata Disease, Minamata, Japan. Sponsor: A. Naganuma.
The critical role of oxidative stress in the pathogenesis of methylmercury (MeHg)
cytotoxicity has been clarified, but the molecular mechanisms underlying MeHgmediated oxidative stress remain to be elucidated. Here we demonstrate a posttranscriptional effect of MeHg on antioxidant selenoenzymes by using a myogenic
model cell line showing apoptosis by exposure to MeHg. Quantitative real-time
PCR analysis showed down-regulation of the major antioxidant selenoenzyme, glutathione peroxidase 1 (GPx1) mRNA in spite of up-regulation of other antioxidant
enzyme mRNAs. This change was also observed in soleus skeletal muscles of rats
treated with MeHg. MeHg-induced decrease in GPx1 mRNA was not suppressed
by the co-addition with antioxidant Trolox but by the pretreatment with sodium selenite, suggesting that the decrease in GPx1 mRNA was due to MeHg-induced relative intracellular selenium deficiency. This notion was supported by the inhibition
study of nonsense-mediated mRNA decay (NMD), which recognizes a UGA
codon for selenocysteine on GPx1 as a nonsense codon and degrades GPx1 mRNA
in selenium-deficient condition. In contrast, thioredoxin reductase 1 (TrxR1), another antioxidant selenoenzyme, was likely skipped by NMD because of a UGA
codon in the last exon. However, TrxR1 activity was decreased despite mRNA upregulation, which was probably due to the synthesis of aberrant TrxR1 protein
without selenocysteine. Changes in selenoenzyme GPx1 and TrxR1 mRNAs were
observed earlier than was the incidence of oxidative stress and upregulation of other
antioxidant enzyme mRNAs. Results indicated that the MeHg-induced relative selenium-deficient condition affects the major antioxidant selenoenzymes GPx1 and
TrxR1 through a posttranscriptional effect, resulting in the disturbance of cellular
redox systems and the incidence of oxidative stress.

1201
1199

SELENOPROTEIN P REGULATES PCB3 METABOLITEINDUCED CYTOTOXICITY IN HUMAN
KERATINOCYTES.

W. Xiao, Y. Zhu, E. H. Sarsour, A. L. Kalen, N. Aykin-Burns, D. R. Spitz and
P. C. Goswami. Department of Radiation Oncology, University of Iowa, Iowa City,
IA. Sponsor: L. Robertson.
We showed previously 2-(4-chlorophenyl)-benzo-1,4-quinone (4-ClBQ), a
metabolite of PCB3, forms a semiquinone radical, which in presence of oxygen
generates superoxide leading to oxidative stress-induced DNA damage, inhibition
in proliferation, and enhanced toxicity. This study was designed to investigate
whether specific oxidative stress responsive genes regulate cellular responses to 4ClBQ treatments. Microscopic observations showed significant change in the cytoskeleton of 4-ClBQ (1-3 μM, 1-5 days) treated human immortal keratinocytes,
which was accompanied with a decrease in proliferation and an increase in cytotoxicity. 4-ClBQ treatments exhibited a G2-delay. Flow cytometry measurements of
MitoSOX and MitoTracker oxidation demonstrated elevated levels of mitochondrial-ROS in 4-ClBQ treated cells that correlated with a decrease in catalase, manganese superoxide dismutase and glutathione peroxidase 1 activity. Results from a
human oxidative-stress PCR-array showed expression of forty genes were significantly down-regulated (e.g. MnSOD, catalase, GPx-1, and SEPP1) and thirty-seven
genes were up-regulated (e.g. CuZnSOD, EcSOD, GPx-3, and DUSP1). Results
from a Q-RT-PCR assay showed SEPP1 mRNA levels were significantly decreased
among all the down-regulated genes. SEPP1 is a major Se-protein that is known to
reduce phospholipid hydroperoxide as well as transport Se. Sodium-selenite pretreatments suppressed 4-ClBQ induced decrease in SEPP1 mRNA levels, which
was associated with an increase in GPx-1 activity and a decrease in cytotoxicity. Our
results suggest that 4-ClBQ-induced decreases in SEPP1 expression may perturb
Se-homeostasis and enhance phospholipid hydroperoxide accumulation leading to
deleterious cellular effects. These results will be of significance in Se-supplementation studies that are designed to ameliorate PCB-induced cytotoxicity. (NIEHS
P42ES013661)

POSTTRANSCRIPTIONAL DEFECTS OF
ANTIOXIDANT SELENOENZYMES CAUSE OXIDATIVE
STRESS UNDER METHYLMERCURY EXPOSURE.

TIME-DEPENDENT EFFECTS OF URANIUM ON
CELLULAR OXIDATIVE STRESS MARKERS.

C. Poisson, L. Grandcolas, S. Grison, I. Dublineau and Y. Gueguen.
DRPH/SRBE/LRTOX, IRSN, Fontenay-aux-Roses, France. Sponsor: M. Pallardy.
Oxidative stress is a common mechanism of many heavy metals but is poorly described concerning a particular one, Uranium (U). This mechanism is regulated by
transcription factors, in particular Nrf2, which induces transcription of many antioxidative enzymes namely catalase (CAT), Copper, Zinc Superoxide Dismutase
(Cu, Zn SOD) or Heme Oxygenase 1.
The aim of this work was to study how U induces a cellular disturbance of pro/antioxidative equilibrium and cell death at different times (1 to 24 hours) and different concentrations (10 to 1000 μM) on a Human liver hepatocellular carcinoma
cell line (HepG2). Antioxidative enzymes, Nrf2, caspases and cell death were evaluated at mRNA and activities levels.
After 24 hours of exposure with 500 μM of U, cell death was enhanced 10 folds
(p<0.001). Furthermore, activity of caspases 3 and 7 was increased 4 folds (p<0.05),
suggesting a cell death by apoptosis pathway. No cell death or caspase activation
were observed at lower range.
Gene expression of CAT showed first at 50 μM of U an increase (4 folds, p<0.05)
after one hour, whereas a decrease after 2 (-85% as compared to control, p<0.01)
and 4 hours of exposure (-76% as compared to control, p<0.01) was observed. The
study of another antioxidative enzymes Cu, Zn SOD underlined the same variations (p<0.05) as CAT for one and 2 hours. Accordingly, gene expression of Nrf2
was similarly modified at 50 μM of U: an increase of 5 folds after 1 hour and a decrease of 80% after 2 hours of contamination (p<0.05) and 90% after 4 hours
(p<0.01).
Regarding these data, contamination of U seems to induce Nrf2 and antioxidative
enzymes at low concentrations without leading to caspase activation. For higher U
concentrations, activation of caspases and death cell were observed. Kinetics results
suggest that adaptative mechanisms of antioxidative system could be set up at low
concentration.

1202

INVESTIGATION OF NOVEL ROLES FOR HEME
OXYGENASE IN RESISTANCE TO CADMIUMINDUCED OXIDATIVE STRESS.

C. George and M. Jenny. Biological Sciences, University of Alabama, Tuscaloosa, AL.
Cadmium (Cd) is a toxic metal capable of causing severe oxidative stress. Cd-resistant cells, when exposed to a variety of chemicals capable of inducing oxidative
stress, exhibit significantly lower occurrences of apoptosis compared to non-resist-

258

SOT 2012 ANNUAL MEETING

ant cells, suggesting that Cd-resistance is at least in part an adaptation to oxidative
stress. To begin investigating the role of bilirubin-biliverdin recycling in adaption to
Cd-induced oxidative stress, we exposed the human HepG2 Tet-On (Clontech
Laboratories, Inc) cell line continuously during culture to 1 or 5 μM of Cd for a period of 12 weeks. Several papers routinely dosed HepG2 cells with Cd concentrations ranging from 5 to 120 μM and have proposed a 24 hr LC50 of ~24μM
(Shimoda et al 2001, Tox Sci) and an IC50 of ~14 μM as determined by the MTT
assay (Lawal and Ellis, 2010, J. Toxicol Sci). Based on these studies, we dosed the
control and Cd-adapted HepG2 cell lines with 1, 5, 10 and 25 μM of Cd for 4
hours before measuring gene expression. qPCR was used to determine the expression level of metallothionein (MT-1b) and heme oxygenase 1 (HO-1), the rate limiting enzyme in the catabolism of heme to bilirubin, in response to the additional
Cd treatments. Interestingly, although overall expression of MT-1b and HO-1 was
significantly increased in both the 1 μM and 5 μM HepG2 cell lines at every dose
compared to control HepG2 cells, all three cell lines had an inverted U-shaped dose
response curve with maximum induction of gene expression at 1 μM and suppression at the higher concentrations. A similar dose-response curve was assessed using
a regular HepG2 cell line and the same U-shaped dose response curve was obtained.
New dose-response experiments with the control, 1 μM and 5 μM HepG2 Tet-On
cell lines were performed with Cd concentrations ranging from 20 nM to 1 μM
and yielded classic dose-response curves. These data suggest that HepG2 cells may
be even more sensitive to Cd toxicity than previously determined. Current efforts
are underway to create a HO-1 stable transfected cell line to assess the role of HO1 in Cd adaptation. [R00ES017044]

1203

THE BODY WEIGHTS AND FLUORIDE
CONCENTRATIONS IN THE URINE OF ICGN MICE
AND ICR MICE AFTER SUBACUTE ADMINISTRATION
VIA DRINKING WATER.

T. Kido1, M. Tsunoda1, C. Sugaya1, R. Ikeuchi1, K. Itai2, Y. Kodama3, Y.
Sugita-Konishi3 and Y. Aizawa1. 1Preventive Medicine, Kitasato University School of
Medicine, Sagamihara, Kanagawa, Japan, 2Preventive Medicine and Public Health,
Iwate Medical University School of Medicine, Morioka, Iwate, Japan and 3National
Institute of Health Sciences, Tokyo, Japan.
The contaminations of groung water by fluoride (F) have been reported in China
and India. Many inhabitants who drink well water with high concentrations of F
are suffering from endemic fluorosis. F is excluded from the kidney. Greater accumulation of F occurs in ICR-derived glomerulonephritis mice (ICGN) which have
impaired renal function and affects them more seriously in our previous study. The
xenobiotics of F in animals with impaired kindney function is not elucidated. The
F concentrations in the urines of ICGN and ICR mice were determined in this
study. F was administered to ICGN mice at 0, 50, 100 and 150 ppm and ICR mice
at 0, 100 and 150 ppm in drinking water for four weeks. When a mouse died, the
data of the day of death or nearest to the day of death was assigned. The body
weight of each mouse were monitored daily. The urine of each mouse was sampled
once a week by using a metabolic cage. F in the urine were determined by a flow injection apparatus with a F-selective electrode as the detector. All ICGN mice exposed to 100 and 150 ppm died during the observation period. The mean body
weight in the 100 and 150 ppm ICGN mice was significantly lower than those in
the 0 and 50 ppm. For each ICGN group, there were no significant differences in
the urine F concentration in the between the beginning and the end of the observation. For ICR mice, no mice died, and the mean body weight were not significantly
different among the groups. The mean urine F concentration at the end was significantly higher than that at the beginning in the 150 ppm group. F in the drinking
water at 100 ppm and more was lethal for the ICGN mice. Fluoride in the urine at
the end was higher compared to the beginning in ICR mice but not in the ICGN
mice, suggesting the impairment of the exception of F in the ICGN mice.

1204

INCREASED KIDNEY TUBULAR DAMAGE MARKERS
IN RATS EXPOSED SUBCHRONICALLY TO FLUORIDE.

C. Cardenas, L. Del Razo and O. Barbier. Department of Toxicology, Cinvestav,
Mexico City, Mexico.
Fluoride (F−) is a frequent contaminant in drinking water. Some in vivo and in
vitro studies support the presence of deleterious effects on renal function, particularly at proximal tubule level. However, the F- levels used in these studies do not reflect those at a human population is exposed as well as, the renal function evaluation is carried out with markers that lack of sensitivity and specificity since these are
evident significantly until almost a half of renal function has been lost. Nowadays,
the use of biomarkers becoming evident before the lost of the renal parenchyma
and during the tissue repair, are employed to assess the early injury caused by toxic
agents. The aim of this study was to determine the kidney injury induced by the Fexposure at environmental relevant concentrations. Male rats recently weaned, were

exposed through drinking water at two concentrations of F- (15 and 50 mg/L) for
40 days. At the end of the exposure period, overnight urine samples were collected
and urinary renal injury biomarkers (β-2-Microglobulin, clusterin, Kim-1, cystatin
C, osteopontin) were measured using Luminex xMAP technology. Mean urine Flevels were 0.88, 5.68 and 18.17 mg/g creatinine for the control and exposed low
and high F- groups, respectively. The rats exposed to F- showed an increase of the
median Kim-1 excretion in urine 2.39 (0.63-5.29), 3.39 (2.35-7.83) and 4.86
(0.66-14.83) ng/24h for groups exposed to 0, 15 and 50 mg/L, respectively.
Moreover, the urine level of clusterin was also increased as follows: 192.6 (111.8304.6), 238.6 (161.1-368.3) and 269.6 (206.6-632.1) ng/24 h for groups exposed
to 0, 15 and 50 mg/L, respectively. These results show for the first time that F- exposure at environmentally relevant concentrations is able to increase some novel especially sensitive and specific markers of tubular injury, suggesting that F- could be
a risk factor in the promotion or progression of renal diseases and have likewise an
enhanced sensitivity to nephrotoxicants like some antibiotics. Supported by
Conacyt 152416.

1205

IDENTIFICATION OF PRENATAL KIDNEY INJURY BY
THE DETECTION OF EARLY BIOMARKERS IN
AMNIOTIC FLUID.

T. Jacobo, M. Cárdenas-González, A. De Vizcaya-Ruiz and O. Barbier.
Toxicology, Cinvestav, Mexico City, Mexico.
Over recent years, nephropathies have been rising in infants and newborns in
Mexico, and worldwide. Prenatal exposure to cadmium (Cd2+), a nephrotoxic agent
ubiquitous in the environment, could be related to some of these cases as it has
been demonstrated that it can be freely diffused through placenta and accumulate
in the kidney. Amniotic fluid, mainly formed of fetal urine, contains proteins
whose concentrations change depending on the developmental stage of the fetal
kidney. Some of these proteins could be used as biomarkers of congenital renal
pathologies. However, amniotic fluid as a potential matrix to diagnose kidney injury has yet not been considered. Pregnant Wistar rats were exposed to Cd2+ (gavage, 0.6 mg/kg/day) and gentamicin (subcutaneous injection, 75 mg/kg/day), both
well-known nephrotoxicants, during gestational days (GD) 8-20. On GD20, rats
were sacrificed and samples of the fetuses’ plasma and amniotic fluid were obtained.
Creatinine was quantified using Jaffe’s reaction. Cd2+ and gentamicin treatments
significantly raised plasmatic creatinine levels in fetuses (0.76±0.03; 0.92±0.05 respectively, vs. 0.62±0.02 mg/dL, P≤0.001) (mean±S.E.). However, no difference
was observed in amniotic fluid. Cystatin C, β2-microglobulin (β2-MG) and
Kidney Injury Molecule-1 (Kim-1) levels on amniotic fluid were determined with
kits based on immunofluorescence. We observed a decrease of β2-MG levels in the
dams exposed to gentamicin, yet it was not statistically significant. Cystatin C levels remained unchanged whereas Kim-1 showed a non-statistically significant rise
on its levels when the dams were exposed to Cd2+, but gentamicin induced a significant increase (22.28±4.73 vs. 6.29±0.42 pg/mL, P=0.014). These results suggest
that Cd2+ is possibly affecting the glomeruli and, to a lesser extent, the proximal
tubule whereas gentamicin seems to be damaging both glomeruli and proximal
tubules in fetuses. The rise of Kim-1 levels on amniotic fluid points out its potential use to diagnose fetal kidney injury on proximal tubule before birth.

1206

HYALINE DROPLET NEPHROPATHY INCREASED
DIFFERENT RENAL BIOMARKERS DEPENDING ON
COMPOUND AND TIME.

D. A. Brott1, 2, P. Bentley1, 3, P. Nadella3, D. Thurman1, J. Fikes1, 3 and L. B.
Kinter1. 1Global Safety Assessment, AstraZeneca Pharmaceuticals, Wilmington, DE,
2Patient Safety Sciences, AstraZeneca Pharmaceuticals, Wilmington, DE and 3Global
Safety Assessment, AstraZeneca Pharmaceuticals, Waltham, MA.
Hyaline droplet nephropathy (HDN) is a male rat specific lesion induced when a
compound or metabolite binds to alpha-2-microglobulin. The objective of this
project was to investigate the impact of HDN on a set of renal biomarkers (BMs)
approved for inclusion in male rat toxicology studies. Rats were dosed (po) 7 days
to 1) determine if HDN altered renal BMs using vehicle, and 3 HDN positive
agents: 1000 mg/kg/day 2-propanol, 100 mg/kg/day potassium bromate or 300
mg/kg/day d-limonene (dL) with necropsy on day 8 (n = 3/group), 2) determine
sensitivity of HDN induced renal BM changes using vehicle, 10, 50 or 300
mg/kg/day dL with necropsy on day 8 (n = 6/group) and 3) determine reversibility
of HDN and renal BMs using vehicle or 300 mg/kg/day dL with necropsy on days
8, 15, 29, 57 and 85 (n = 6/group). Rats treated with 2-propanol had HDN = 1.7
(average severity score using 1-4 scale) without increased renal BM levels.
Potassium bromate treated rats had HDN = 3.3 and possibly increased clusterin
(54%). DL (300 mg/kg/day) treated rats had HDN = 4.0 and increased αGST
(759%), GSTYb1 (182%) and albumin (393%). All three compounds induced
HDN with different BM patterns. DL induced a dose dependent increase in HDN
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severity and renal BM changes, based on 1) HDN = 1.0 and no altered BMs with
10 mg/kg/day, 2) HDN = 2.0 and increased αGST (173%) and potentially
GSTYb1 (129%) with 50 mg/kg/day and 3) HDN = 3.75 and increased αGST
(984%), GSTYb1 (1278%) and albumin (667%) with 300 mg/kg/day. The reversibility study confirmed HDN severity was reversible, but with a variable renal
BM pattern over time. In summary, HDN increased different rat renal BMs depending on compound and time. This suggests HDN is a more complex process
than previously suspected and that human translation of renal BM data will be
complicated when the compound induces HDN in male rats because a characteristic HDN BM signature in rats is not apparent.

1207

COMPARATIVE PROFILING OF URINARY
BIOMARKERS IN IMIPENEM-INDUCED KIDNEY
INJURY IN CYNOMOLGUS MONKEYS.

Y. Chen1, W. Luo2, P. Bentley1, H. Barthlow1, H. Yu3, Q. Qin3, J. Qiao3, J.
Ren3, D. Thurman1, B. Ruane4, N. Barrass4, J. Valentin4, L. Kinter1 and R.
Bialecki1. 1Global Safety Assessment, AstraZeneca Pharmaceuticals, Waltham, MA,
2DECS Discovery Statistics, AstraZeneca Pharmaceuticals, Waltham, MA, 3Center for
Drug Safety Evaluation and Research, Shanghai Institute of Materia Medica,
Shanghai, China and 4Global Safety Assessment, AstraZeneca Pharmaceuticals,
Macclesfield, United Kingdom.
Drug-induced kidney injury (DIKI) is a serious adverse drug reaction that causes
attrition in drug development (Redfern et al., 2010). New urinary biomarkers may
enable early detection of DIKI in non-rodent models. Our aim was to determine if
a panel of human urinary DIKI biomarkers (Rules Based Medicine) can detect kidney injury mediated by the β-lactam antibiotic imipenem in cynomolgus monkeys,
and to compare with conventional plasma and urinary factors. Monkeys (2-3M/3F)
were treated with imipenem (180 mg/kg i.v. infusion for 15 minutes at 3 mL/min)
or vehicle (6 mM NaHCO3 in saline) once daily for 7 days. Blood and urine samples were collected pre-dose and post-dose (blood, days 3, 8; urine, days 2, 4, 7) for
comparing chronological changes in plasma creatinine (SCr), blood urea nitrogen
(BUN), urinalysis and 16 urinary DIKI biomarkers. Renal tissue was examined microscopically at study termination. Nephrotoxicity was confirmed by significant increases of SCr and BUN (maximum increase vs pre-dose: 134% and 73%, respectively; P<0.05), urinary glucose (9-fold), total protein (15-fold), enzymes (GGT,
LDH and NAG), and mild to marked histological evidence of tubular necrosis/degeneration/regeneration. Five biomarkers (α-1 and β-2 microglobulin, clusterin,
Tamm-Horsfall protein and vascular endothelial growth factor) increased progressively and significantly (mixed statistic model used for the repeated measurements;
P<0.05) from day 2 onward and preceded notable changes in urinary glucose, protein and enzymes on day 7 and SCr and BUN on day 8. This study shows nephrotoxicant-mediated increases in five biomarkers that preceded changes in conventional markers, suggesting their potential utility for early DIKI detection in
cynomolgus monkey.

1208

ANALYSIS OF URINARY PROTEINS, MIRNA, AND
TRANSCRIPTIONAL BIOMARKERS FOR THE
DETECTION OF VANCOMYCIN INDUCEDNEPHROTOXICITY.

T. Fuchs, B. Emde, E. Johann, S. O. Müller and P. Hewitt. Toxikology, Merck
Serono, Darmstadt, Germany.
In the last few decades sensitive and specific biomarkers for the early detection of
nephrotoxicity have been reported. However several questions remain unanswered
and there is still the need for more predictive, mechanistically based biomarkers. To
investigate some of these questions we used the well described nephrotoxin,
Vancomycin, using several different biomarker types. 1. Qualified and exploratory
urinary proteins were measured; 2. A whole miRNA profiling of urine was performed to identify potential miRNA biomarkers; 3. Transcriptional biomarkers
were studied for their potential to deliver mechanistically related information in
early stages of renal insult. 10 Male and 10 female Wistar rats were treated for 3, 7,
14 or 28 days with Vancomycin at either50 mg/kg or 300 mg/kg. Urine was collected under cooled conditions and the WideScreen™ Rat Kidney Toxicity Assays
used for the detection of 10 protein biomarkers. Urine samples from 3 and 7 day
treatment groups were pooled for urinary miRNAs using the Rat miRNome
miRNA PCR Array from SABiosciences™. Renal tissue was used for whole
genome profiling using the Illumina RatRef-12v.1 Bead Array. For interpretation of
the data standard clinicochemical, histopathological and immunohistochemical observations were performed. We could show that the excretion of urinary proteins
strongly depended on the time of exposure as well as the health status of the kidney.
With massive renal mass loss a significant reduction of urinary proteins was observed. Additionally, a panel of transcriptional biomarkers, specific for different
molecular pathways, was identified and used for further mechanistic analysis. We
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also could show that it is possible to profile urine derived miRNAs and to identify
potential miRNA biomarkers specific for renal insult. A combined testing strategy
based on urinary protein and transcriptional biomarkers is optimal to achieve optimal mechanistic understanding. Urinary miRNAs needs further investigations to
discover the potential of these small molecules as toxicity biomarkers.

1209

MICRORNA-155 UP-REGULATION IN ACUTE KIDNEY
INJURY.

J. Saikumar1, D. Hoffmann1, K. Ramachandran1, Q. Zhang2, P. L. Goering2,
R. P. Brown2 and V. S. Vaidya1. 1Renal Division, Brigham and Women’s Hospital,
Boston, MA and 2Center for Devices and Radiological Health, US FDA, Silver
Spring, MD.
MicroRNAs are endogenous non-coding RNA molecules that are involved in posttranscriptional gene silencing. The aim of this study was to identify microRNAs
(miRNAs) that not only serve as sensitive markers of kidney injury but also modulate tissue repair. We performed global miRNA expression analysis using Taqman®
microRNA Low Density Array (TLDA) for 349 miRNAs on rat kidney samples
following 30 minutes renal bilateral ischemia reperfusion injury (IRI) over time at
24, 72 and 120 hours. Using a cut off Ct value of 35, we obtained miRNA-155
among 16 genes that were upregulated > 2-fold as compared to sham. Real time
quantitative PCR analyses confirmed that the cortex showed a 6-fold elevation of
miRNA-155 at 24 h, which is the peak of injury [serum creatinine (SCr) - 1.9
mg/dL, blood urea nitrogen (BUN) - 51 mg/dL]. At 72 h, which is the peak of cell
proliferation and tissue repair in the kidney, miRNA-155 remained elevated (> 5fold) and decreased by 5 days (~3-fold) with SCr (0.5 mg/dL), BUN (20 mg/dL).
Medulla showed no appreciable change at 24 h, which increased to nearly 5-fold by
72 h and sustained till 5 days. Similarly in rats treated with gentamicin (0, 200, or
300 mg/kg, subcutaneously for 3 days), miRNA-155 increased 6-fold in the cortex
whereas medulla had only a moderate 3-fold change at 24 h at both dose groups
with kidney injury (SCr - 0.6 mg/dL, BUN - 21 mg/dL). The specificity of
miRNA-155 upregulation in response to kidney damage was established by not observing any change in the kidneys of rats treated with a well-established hepatotoxicant galactosamine at 24 h following 1.1g/kg, subcutaneously. Current work is focused on identifying the target genes of miRNA-155 and characterizing the
phenotype of miRNA-155 knockout mice towards kidney damage. In summary, we
have identified that miRNA-155 is significantly upregulated following kidney damage could potentially play a critical role in the pathogenesis of kidney injury and tissue repair process.

1210

THE NATURAL PRODUCT RESVERATROL REDUCES
CISPLATIN-MEDIATED OXIDATIVE MODIFICATIONS
OF PROTEINS AND OXIDATIVE STRESS ENZYME
ACTIVITY IN RENAL TISSUE OF RATS.

M. Valentovic1, A. M. Mills2, A. B. Lamyaithong3, J. G. Ball1, S. Van Meter1,
M. S. Wright1 and J. Brown1. 1Pharmacology, Physiology and Toxicology, Marshall
University School of Medicine, Huntington, WV, 2Murray State University, Murray,
KY and 3Wheeling Jesuit University, Wheeling, WV.
Renal toxicity is a major adverse effect associated with the cancer chemotherapeutic
agent cisplatin. Resveratrol (RES) is a phytochemical found in grapes, cranberries
and nuts. RES has been recognized as a natural agent possessing anticancer and antioxidant properties. This study investigated RES attenuation of cisplatin renal in
vitro toxicity and reduction in oxidative stress mediated by cisplatin. Male Fischer
344 rats (200-250 g) were anesthetized, with isoflurane and the kidneys were isolated. Renal cortical slices prepared and pre-incubated with 30 ul ethanol (VEH) or
30 ug/ml resveratrol (RES, final concentration) for 30 min at 37 degrees C. Tissue
were immediately incubated for a maximum of 120 min with 0, 75, or 150 ug/mL
cisplatin. Loss of membrane integrity was evaluated as leakage of lactate dehydrogenase (LDH). Cisplatin associated oxidative stress was evaluated by measuring total,
Cu/Zn and Mn Superoxide dismutase (SOD), glutathione peroxidase and catalase
enzyme activity in renal cortical slices. LDH leakage required a 120 min exposure
to cisplatin. Cisplatin inhibited GSH peroxidase activity within 60 min when compared to the VEH group. Total SOD activity was also diminished by cisplatin beginning at 60 min. RES reduced oxidative stress by maintaining GSH peroxidase
and SOD enzyme activity. An increase in protein carbonyls as detected by Oxyblot,
was increased by cisplatin and totally prevented by RES. RES also decreased protein
carbonyls in tissue not exposed to cisplatin. Our findings showed that. a 30 min
RES pre-incubation diminished cisplatin renal toxicity and early changes in oxidative stress prior to the onset of loss of membrane integrity. (Supported by NIH
Grants INBRE 3P20RR016477-09S4 and 5P20RR016477 to the West Virginia
IDeA Network for Biomedical Research Excellence).

1211

THE POSSIBLE ROLE OF ANNEXIN A5 IN CISPLATININDUCED NEPHROTOXICITY.

J. Jeong, N. Park, C. Seong, H. Im, Y. Kwon and Y. Chun. College of Pharmacy,
ChungAng University, Seoul, Republic of Korea. Sponsor: T. Jeoung.
Annexin A5 belongs to a large family of calcium-binding and phospholipid-binding proteins and may act as an endogenous regulator of various pathophysiological
processes. Increasing evidence points that annexin A5 is related to cytotoxicity and
can be used as a biomarker for certain diseases such as Alzheimer’s disease and heart
failure, but the precise function of this protein has yet to be elucidated. This study
represents annexin A5 as a potential biomarker for cisplatin-induced nephrotoxicity
and examines the function of annexin A5 in apoptosis of kidney cells. RealtimePCR and western blot analysis together with immunofluorescence assay all showed
that the expression level of annexin A5 increased significantly by the short term incubation with cisplatin at relatively low level in both human and rat kidney epithelial cells. In the aspect of function, Annexin A5 knockdown led to increased cell viability compared to the control group and reduced VDAC level. VDAC is shown to
partly mediate cisplatin-induced apoptosis via the formation of VDAC oligomer
pore at mitochondrial outer membrane through which apoptogenic proteins are released into the cytosol. These results implicate that annexin A5 can act as a mediator of apoptosis via regulation of VDAC.

1212

MECHANISTIC ASPECTS OF 4-AMINO-2CHOLOROPHENOL NEPHROTOXICITY IN VITRO.

C. Racine, T. Ferguson, S. Baksi, D. Anestis and G. O. Rankin. Pharmacology,
Physiology and Toxicology, Marshall University, Huntington, WV.
Chloroanilines are commonly used as chemical intermediates in the manufacture of
numerous agricultural chemicals, dyes, pharmaceuticals and industrial compounds.
Some aminochlorophenol metabolites induce nephrotoxicity in vivo and/or in
vitro. Previous studies have shown that 4-amino-2-chlorophenol (4A2CP, 1.0 mM)
induced nephrotoxicity in isolated rat renal cortical cells (IRCC) during a sixty
minute exposure. The purpose of this study was to examine the different biological
pathways (CYP, FMO, and oxidation-reduction) of activation of 4A2CP using a rat
renal in vitro model. IRCC were obtained from male Fischer 344 rats and incubated in Krebs-Henseleit buffer. IRCC (4 x 106 cells/ml; 3 ml) were incubated with
dimethyl sulfoxide (DMSO) or 4A2CP (1.0mM) with shaking for sixty minutes.
In some experiments, IRCC were pretreated with an FMO inhibitor [N-octylamine
(0.2μM) or methimazole (1.0mM)], CYP inhibitor [isoniazid (1.0mM), ketoconazole (1.0mM), or metyrapone (1.0mM)], or an antioxidant [ascorbate (1.0 mM),
glutathione (1.0 mM), N-acetyl-L-cysteine (NAC, 2.0 mM), DPPD (0.05 mM),
deferoximine (0.1 mM), or α-tocopherol (1.0mM or 2.0mM)]. Cytotoxicity was
determined by measuring the release of lactate dehydrogenase (LDH). FMO or
CYP inhibitors didn’t decrease 4A2CP cytotoxicity. Ascorbate, glutathione and
NAC provided protection from 4A2CP toxicity, while other antioxidants did not.
These results suggest that the mechanism by which 4A2CP induces toxicity does
not involve activation by FMO’s, CYP2E1, 2B or 3A4. Antioxidant protection suggests that a toxic metabolite is created via an auto-oxidation process and/or oxidative stress plays a role in 4A2CP nephrotoxicity. (Supported by NIH Grant
5P20RR016477 to the West Virginia IDeA Network for Biomedical Research
Excellence)

1213

COADMINISTRATION OF CHLORAMPHENICOL AND
MULTIVITAMIN HEMATINIC COMPLEX INDUCES
OXIDATIVE STRESS IN RAT KIDNEY.

A. A. Oyagbemi1, 2, K. Kolawole2, O. S. Adegboyega2, A. B. Saba1 and O. E.
Farombi2. 1Veterinary Physiology, Biochemistry and Pharmacology, University of
Ibadan, Ibadan, Oyo, Nigeria and 2Biochemistry, College of Medicine, University of
Ibadan, Ibadan, Oyo, Nigeria.
Possible synergistic effects of coadministration of chloramphenicol and multivitamin haematinic complex via free radical generation were investigated using biomarkers of oxidative stress. Lipid peroxidation and hydrogen peroxide was assessed.
The levels of non-enzymic antioxidants (reduced glutathione (GSH) and enzymic
antioxidants (superoxide dismutase (SOD), catalase (CAT), glutathione-S-transferase (GST), the activities of gamma glutamyl transferase (GGT) and glucose-6phosphatase were also assessed 10 days post administration. Tissues from the kidney were sectioned for necropsy. Oral administration of Chloramphenicol (28
mg/kg body weight) and multivitamin hematinic complex (5ml /kg body weight)
for 10 days induced significant increase in lipid peroxidation indices and hydrogen
peroxide in rats. The level of GSH and the activities of SOD, CAT, and GST were
also significantly increased in the treated rats. Also, the activity of GGT and glucose-6-phosphatase was significantly reduced in animals treated with chloram-

phenicol plus multivitamin hematinic complex and multivitamin hematinic complex alone. However, there was significant increase in oxidative stress in rats treated
with combination of Chloramphenicol and multivitamin hematinic complex compared with either chloramphenicol or multivitamin hematinic complex treated
group. Necropsy revealed severe generalized tubular necrosis, cellular infiltration
and presence of protein casts in tubular lumen of treated rats. Together, the effect of
Chloramphenicol on enzymic and non-enzymic antioxidants components is related
to the action of chloramphenicol presumably, via free radical mechanism and that
co administration of Chloramphenicol with multivitamin hematinic complex can
potentiate its toxic action.

1214

OVEREXPRESSION OF MITOCHONDRIAL
GLUTATHIONE TRANSPORTERS IN RENAL
PROXIMAL TUBULAR CELLS FROM CONTROL AND
DIABETIC RATS.

L. H. Lash, B. Benipal and D. A. Putt. Pharmacology, Wayne State University
School of Medicine, Detroit, MI.
Many chronic pathological states, such as diabetic nephropathy, exhibit oxidative
stress. Although oxidative stress clearly exists in renal proximal tubular (PT) cells
from diabetic rats, there are compensatory increases in total renal cellular and mitochondrial glutathione (mtGSH). Despite this, renal PT cells from diabetic rats are
more susceptible to chemically induced injury. We hypothesized that overexpression of mtGSH transporters in renal PT cells from diabetic rats will reverse the oxidative stress and diminish susceptibility by producing larger, sustained increases in
mtGSH content. cDNA encoding either the dicarboxylate (DIC; Slc25a10) or 2oxoglutarate carrier (OGC; Slc25a11) were cloned into pcDNA 3.1/V5-HisTOPO vector. On day 3 of primary culture, renal PT cells from either control or
streptozotocin-induced diabetic Sprague-Dawley rats were transfected with purified
DIC or OGC plasmids using Lipofectamine. Total RNA from non-transfected or
transfected cells was isolated on day 6 of culture and mRNA levels of DIC and
OGC were quantified by real-time PCR. In renal PT cells from control rats, transfection with either DIC or OGC cDNA produced 7,800- or 5,000-fold increases in
DIC or OGC mRNA, respectively. In renal PT cells from diabetic rats, transfection
with either DIC or OGC cDNA produced 600- and 1900-fold increases in DIC or
OGC mRNA, respectively. Transfected and non-transfected PT cells were pre-incubated with or without 5 mM GSH prior to assessment of cytotoxicity from exposure to either oxidants or a mitochondrial toxicant (antimycin A [AA]). In the absence of GSH pre-incubation, overexpression of either carrier had little effect on
cytotoxicity, as judged by LDH release or MTT fluorescence. In contrast, with
GSH pre-incubation, carrier overexpression provided significant protection, but
only from AA. These results suggest that mtGSH carrier overexpression may be a
viable approach to improving redox status of renal cells in chronic disease states.

1215

MULTIDRUG RESISTANCE-ASSOCIATED PROTEINS
AND THEIR ROLE IN THE RENAL ELIMINATION OF
MERCURIC IONS.

C. Bridges1, L. Joshee1, J. J. van den Heuvel2, F. G. Russel1 and R. K. Zalups2.
1Basic Medical Sciences, Mercer University, Macon, GA and 2Pharmacology and
Toxicology, Radboud University Nijmegen Medical Centre, Nijmegen, Netherlands.
Inorganic mercury (Hg2+) accumulates and exerts its toxic effects in proximal tubular cells. Mercuric ions are taken up at the basolateral membrane of these cells via
the organic anion transporter 1, and at the luminal membrane by transport systems
such as system b0,+. The mechanisms responsible for the renal elimination of mercuric ions are not well-understood. We hypothesize that the multidrug resistanceassociated protein (Mrp) 2 plays a significant role in the export of mercuric ions
from proximal tubular cells. Mrp2 -/- or FVB (control) mice were exposed (i.p.) to
0.5 μmol/kg HgCl2 containing [203Hg], and 24 h later were treated (i.p.) with either saline or 2,3-dimercaptopropane-1-sulfonate (DMPS). Mice were sacrificed 48
h after initial injections. The renal and hepatic burden of Hg was greater in Mrp2 /- mice than in control mice. DMPS reduced significantly the renal burden of Hg,
with a greater effect in the FVB mice. Fecal and urinary excretion of Hg was greater
in FVB mice than in Mrp2 -/- mice. Transport studies using inside-out membrane
vesicles expressing Mrp4 suggest that Mrp4 does not mediate the export of mercuric species. PCR analyses of kidneys show that expression of gamma-glutamylcysteine synthetase and metallothionein are greater in Mrp2 -/- than FVB mice.
Surprisingly, initial studies using Ellman’s assay suggest that levels of glutathione in
kidneys of Mrp2 -/- mice were similar to those of FVB mice. The results of the current study confirm that Mrp2 is a mechanism for the export of mercuric species.
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1216

MODULATION OF P-GLYCOPROTEIN ACTIVITY IN
LLC-PK1 CELLS BY GLUCOSE.

R. Nagavally and S. M. Ford. College of Pharmacy & Allied Health Professions, St.
Johns University, Jamaica, NY.
In the renal proximal tubule, P-glycoprotein (P-gp) is an extrusion transporter located on the apical membrane which effects the excretion of a broad range of substrates, including digoxin (DIG). In view of the increasing incidence of diabetes, it
was of interest to evaluate the effects of growth media glucose level on the P-gp activity of cultured kidney cells. LLC-PK1 cells were grown to confluence in media
containing 5 or 17.5 mM glucose for cytotoxicity and transport studies. The LC50
of DIG was found to be significantly lower for cells grown in 17.5 mM glucose
(11.2 ± 0.6 μM) compared to cells grown in 5 mM (15.8 ± 1.0 μM), p < 0.05. The
transport activity of P-gp was evaluated by assaying both transepithelial movement
and intracellular accumulation of 3H-DIG by cells grown on membrane filters. The
basolateral (B) to apical (A) transport of DIG (BÇA) was significantly less in cells
grown in medium with 17.5 mM glucose (832 ± 75 fmol DIG/μg DNA/2 hr)
compared to 5 mM (1268 ± 41 fmol DIG/μg DNA/2 hr). In contrast, the apical to
basolateral (AÇB) transport of 3H-DIG was not affected by glucose concentration.
Intracellular accumulation (C) of DIG applied to the basolateral side (BÇC) was
found to be significantly higher in cells grown in 17.5 mM glucose (227 ± 24 fmol
DIG/μg DNA/2 hr) compared to those in 5 mM glucose (153 ± 14 fmol DIG/μg
DNA/2 hr). Taken together, the significant decrease in BÇA transport of DIG and
increase in BÇC accumulation for cells grown in 17.5 mM glucose suggests decreased extrusion of DIG from the apical side. The BÇA transport of DIG in the
presence of the P-gp inhibitor quinidine was reduced by 50% in cells grown in either 17.5 mM or 5 mM glucose, while BÇC accumulation was increased 20-50%.
In conclusion, the activity of P-gp in LLC-PK1 cells is reduced in the cells grown in
17.5 mM glucose, and this phenomenon can explain the observed increased cytotoxicity to DIG.

1217

FIBRINOGEN BINDS TO CAVEOLIN-1 AND
PROMOTES KIDNEY TISSUE REPAIR.

A. K. Ajay1, 3, J. Saikumar3, D. Hoffmann1, 3 and V. S. Vaidya1, 2, 3. 1Medicine,
Harvard Medical School, Boston, MA, 2Environmental Health, Harvard School of
Public Health, Boston, MA and 3Renal Division, Brigham and Women’s Hospital,
Boston, MA.
Fibrinogen (Fg), a soluble 340 KDa hexameric blood glycoprotein composed of
three pairs of polypeptide chains (α, β and γ). Fg has been recognized as an important regulator of wound healing however, there is very limited knowledge about the
functional significance of Fg signaling in kidney epithelial cells. The objective of
this study was to investigate the mechanism of Fg in modulating kidney tissue repair. We observed that Fg protein levels in the kidney as well as its urinary excretion
are significantly increased in mice following 25 min bilateral ischemia reperfusion
(I/R)-induced injury or 20 mg/kg (ip) Cisplatin-induced nephrotoxicity. We hypothesized that Fg binds to membrane protein caveolin-1 (Cav-1), a major constituent of caveolae (known as signaling hub of the cell), and triggers epithelial cell
proliferation and survival. Caveolin-1 activity was significantly increased at 24 and
48 h following I/R injury as measured by pTyr14 phosphorylation immunoblotting. Immuoprecipitation results confirmed the binding of Fg with Cav-1 in the
kidney at 48 h following I/R injury. Furthermore, we observed a dose dependent
increase in survival and proliferation of human proximal tubular epithelial cells
(HK-2) in response to Fg (0.5, 1 or 2 mg/ml) as measured by MTT and BrdU assay
respectively. Fg stimulated cell proliferation was abrogated following addition of an
inhibitor of Cav-1 (methyl-β-cyclodextrin, 1 mM) thereby suggesting that Fg binding to Cav-1 was necessary to induce cell proliferation. In summary, our results suggest that upregulated fibrinogen in the kidney binds to Cav-1 and modulates tissue
repair by inducing proliferation of tubular epithelial cells.

1218

FIBRINOGEN PROMOTES KIDNEY FIBROSIS BY
INTERACTING WITH PLATELET-DERIVED GROWTH
FACTOR BETA.

D. Hoffmann1, J. Saikumar1, V. Bijol2, S. L. Fabian1, B. D. Humphreys1 and V.
S. Vaidya1. 1Renal Division, Brigham and Women’s Hospital, Harvard Medical
School, Boston, MA and 2Pathology, Brigham and Women’s Hospital, Harvard
Medical School, Boston, MA.
Kidney disease is a major public health disease associated with significantly high
mortality rates. We have previously identified fibrinogen (Fg) to be highly upregulated in response to acute and chronic kidney injury. The objective of this study was
to characterize the role of Fg in kidney fibrosis using a well-established model of
unilateral ureteral obstruction (UUO) in mice by surgical legation of the left ureter
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for 3, 7 and 14 days. Fg (Fgα, Fgβ and Fgγ) mRNA increased ~ 100 fold in the
UUO kidney compared to contralateral (CoK) kidneys over time at 3, 7 and 14
days correlating to the extent of fibrosis as estimated by histopathological evaluation of tubular atrophy and gene and protein expression of fibrotic markers including αSMA, fibronectin and collagen 1a1. In addition, Fgα, β and γ protein expression increased over time in the UUO kidney as determined by immunoblotting and
immunostaining. Fgα and Fgβ showed predominant immunoreactivity in the renal
interstitium and Fgγ relocalized from perinuclear and interstitial in the CoK to primarily interstitial staining in the UUO. Furthermore co-localization of Fg and
PDGFRβ, which stimulates proliferation, could be detected in the kidney following UUO for 7 days. In an in vitro fibrosis model using mouse embryonic fibroblasts (10t cells), Fg protein (0.5 and 1 mg/ml) stimulated proliferation by 150 %
and cell survival by ~130 % and even had a synergistic effect with TGFβ (0.5 and 1
mg/ml) stimulating cell proliferation and survival to ~200 % in a dose dependent
manner. In summary, we report that Fg promotes tubulointerstitial fibrosis in the
kidney by potentially interacting with PDGFRβ and TGFβ thereby stimulating fibroblast cell proliferation.
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BROMATE INCREASES 3-BROMOTYROSINE
CONCENTRATION IN MALE RAT KIDNEYS.

N. Kolisetty1, J. Casper1, S. Muralidhara1, G. X. Zhongxian2, R. J. Bull3, J. A.
Cotruvo4, J. W. Fisher5, H. Jin6, R. C. Zangar6 and B. S. Cummings1.
1Pharmacology and Biomedical Science, University of Georgia at Athens, Athens, GA,
2Center for Advanced Water Technology, Singapore, Singapore, 3Mo Bull Consulting,
Richland, WA, 4Joseph Cotruvo & Associates, LLC, Washington, DC, 5National
Center for Toxicological Research, Jefferson, AR and 6Pacific Northwest National
Labatory, Richland, WA.
BrO3-, a byproduct of the ozonation of water, causes cancer in the kidneys, thyroid
and testicular epithelium of rats, with male rats being more susceptible. Our prior
work demonstrated that BrO3- exposure increased the concentration of total organic bromine (TOBr) in rat urine, suggesting that a halogenating intermediate is
formed in the in vivo reduction of BrO3-. Based on the documented formation of
brominated tyrosines as a result of inflammatory processes, we sought evidence of
increased 3-bromotyrosine (3-BT) formation in target organs for BrO3- - induced
cancer in rats treated with KBrO3 (0-400 mg/L) in drinking water for 28 days. Low
levels of 3-BT were detected in renal proximal tubular cells in both male and female
control rats using immunohistochemical methods. A dose-related increase of cytosolic 3-BT was detected in renal proximal tubular cells of male rats beginning at
the 15 mg KBrO3/L treatment. DNA damage, detected as 8-OH-dG-staining, was
not detected at this dose. The thyroid gland heavily stained for 3-BT in control animals, but no changes could be detected with BrO3- treatment. 3-BT was not observed in the testicular mesothelium, but increased staining was observed in Sertoli
cells and spermatocytes at 15 and 60 mg/L. Increases in tissue 3-BT and urinary
TOBr indicate formation of reactive intermediates capable of brominating proteins. These products may play a role in the toxicity/carcinogenicity of BrO3-.
Specifically, these data are the first to demonstrate that BrO3- treatment increases 3BT concentrations in renal proximal tubular cells of the male rat and it is likely
plays a role in its effects on the kidney. Thus, 3-BT may represent a novel biomarker for reactive intermediates resulting from the reduction of BrO3- in vivo.
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PRIMARY CULTURES OF MOUSE RENAL PROXIMAL
TUBULE EPITHELIAL CELLS AS A MODEL FOR
STUDYING ACETAMINOPHEN (APAP)-INDUCED
NEPHROTOXICITY.

A. M. Bataille1, J. Renfro2 and J. E. Manautou1. 1Pharmaceutical Sciences,
University of Connecticut, Storrs, CT and 2Physiology and Neurobiology, University of
Connecticut, Storrs, CT.
The kidney is the major extrahepatic organ for APAP toxicity. Recent studies in our
laboratory show that mice lacking the membrane transporter breast cancer resistance protein (Bcrp; Abcg2) are more susceptible to APAP-induced nephrotoxicity
compared to wildtypes. However, the mechanism by which the absence of this
transporter leads to more nephrotoxicity by APAP remains unknown. Currently,
there are no well-established in vitro models for studying mechanisms of APAP toxicity in the mouse kidney. The purpose of this study was to establish primary cultures of mouse renal proximal tubule epithelial cells to study the role of drug transporters in APAP-induced nephrotoxicity. For this purpose, renal proximal tubules
from C57Bl/6 mice were isolated and grown in culture for 1 week to form a monolayer identical to that of the intact, functional epithelium. The utility of these cultures is demonstrated by the fact that there are no changes in the expression pat-

terns of drug metabolizing enzymes and transporters that are relevant to APAP-induced toxicity. Quantitative real-time PCR revealed that there are no differences in
gene expression of Cyp1a2, Cyp2e1, Cyp3a4 and Ugt1a6 in these cells after being
in culture for 7 days in comparison to freshly isolated proximal tubules. In addition, we detected no changes in the expression of Abcc2, Abcc3, Abcc4 and Abcg2
genes, which code for membrane transporters that are important for hepatocellular
efflux of APAP and its metabolites. Most importantly, we demonstrated for the first
time in a mouse proximal tubule primary culture system that APAP exposure causes
cytotoxicity as evidenced by a dose-dependent increase in lactate dehydrogenase
(LDH) release. We are confident that this system can be a useful tool to investigate
the mechanisms responsible for the higher susceptibility of the kidneys from Bcrp
null mice to APAP toxicity, as well as mechanisms underlying the metabolism and
transport processes for other xenobiotics.
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DIGLYCOLIC ACID, THE NEPHROTOXIC
METABOLITE OF DIETHYLENE GLYCOL, INDUCES
NECROSIS VIA INTRACELLULAR ACCUMULATION
AND METABOLIC DISRUPTION.

G. M. Landry and K. E. McMartin. Department of Pharmacology, Toxicology &
Neuroscience, Louisiana State University Health Sciences Center Shreveport,
Shreveport, LA.
Diethylene glycol (DEG) is an organic solvent used in antifreeze blends, brake
fluid, and the production of various polymers allowing the risk of consumer exposure. The hallmark of DEG poisoning is acute renal failure caused by cortical tubular degeneration and proximal tubule necrosis. DEG is metabolized to two primary
metabolites, 2-hydroxyethoxyacetic acid (2-HEAA) and diglycolic acid (DGA). In
human proximal tubule (HPT) cells in culture, DGA, but not 2-HEAA, produces
a time dependent decrease in adenosine triphosphate (ATP) that precedes an increase in lactate dehydrogenase (LDH) release indicating DGA-induced necrosis.
Studies were therefore designed to assess the mechanism by which DGA might produce cytotoxicity. The chemical structure of DGA is strikingly similar to various
Krebs Cycle intermediates particularly succinate, which are internalized and metabolized by renal proximal tubule cells. Accumulation of such dicarboxylates is mediated by sodium-dicarboxylate (NaDC) transporters such as NaDC-1, which is primarily apical in the proximal tubule cell. Incubation of HPT cells with
N-(p-amylcinnamoyl)anthranilic acid (ACA), a potent NaDC-1 inhibitor, decreased the degree of DGA-induced cell death by approximately 50%. No inhibition of DGA-induced toxicity was observed in the presence of a specific NaDC-3
or organic anion transport (OAT) inhibitor, suggesting a role for NaDC-1 in the
intracellular uptake of DGA. In HPT cells, increasing concentrations of DGA increased total cellular oxidant production indicating that DGA disrupts cellular
redox status. These results indicate that after internalization, DGA likely induces
proximal tubule cell dysfunction by specific mitochondrial-mediated processes,
which lead to decreased energy production and ultimately cellular necrosis.
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CADMIUM-INDUCED PROTEINURIA IS PREVENTED
BY LOSARTAN AND N-ACETYLCYSTEINE TREATMENT
IN A MURINE EXPERIMENTAL MODEL.

M. P. Santoyo, A. De Vizcaya-Ruiz and O. Barbier. Toxicology, Cinvestav, Mexico
City, Mexico.
Cadmium (Cd) is a heavy metal that has become an environmental and public
health problem due to its constant release by industrial activity. Chronic exposure
to low levels of Cd produces an urinary waste of low molecular weight proteins
(LWP), which is considered the critical effect of exposure to Cd. In normal physiological conditions, LWP can be filtered through the glomerulus, but they are reabsorbed by endocytosis in the proximal tubule (PT), preventing urinary loss of
amino acids. In this study, we investigated the effect of Losartan (LOS) and Nacetylcysteine (NAC), on the proteinuria of Cd-exposed rats. LOS is an angiotensin
II type (AT1) receptor antagonist, and NAC is an antioxidant. Female Wistar rats
(180–220g) were used. Animals were divided into 6 groups: control (water), Cd (3
mg/kg/day), LOS (10 mg/kg/day), NAC (125 mg/kg/day), Cd-LOS and Cd-NAC.
All treatments were administrated daily by gavage for 8 weeks. At the end of the 8th
week, rats were placed in metabolic cages (1 rat per cage) for 16 h to collect urine
samples and blood samples were obtained by cardiac puncture. Total protein
(Bradford assay), microalbuminuria (HemoCute albumin) and N-acetyl-β-D-glucosaminidase (NAG, colorimetric assay) were determinate in urine. Creatinine concentracion in the serum samples was measured by Jaffé method. Excretion of total
protein and NAG levels did not show significant differences among treatments;

however, Cd treatment significantly increased (P=0.012) microalbuminuria. This
effect was reversed by coexposure to LOS or NAC showing significant differences.
Since we did not observe changes in serum creatinine, the increase in microalbuminuria could be considered as exclusively due to an injury in TP. These findings
demonstrate that Cd-induced proteinuria involved signaling pathways related with
oxidative stress (ROS) and/or regulation of angiotensin II and AT1 receptor.
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HIGH-CONTENT IMAGING STUDY REVEALS
METABOLITES OF DB289 INDUCE PRIMARY KIDNEY
CELL INJURY.

B. E. Foley1, O. Trask1, J. E. Hall2, M. Z. Wang2, R. R. Tidwell2, P. B.
Watkins1, 2 and R. S. Thomas1. 1The Hamner Institutes for Health Sciences, Research
Triangle Park, NC and 2University of North Carolina at Chapel Hill, Chapel Hill,
NC.
Human African trypanosomiasis (HAT; sleeping sickness), is transmitted by tsetse
flies carrying the parasite Trypanosoma brucei and caused ~48,000 deaths in 2008.
Pafuramidine maleate (DB289) was developed as an oral therapy for stage I HAT.
In Phase 3 clinical trials, DB289 demonstrated an 89% cure rate, but development
was halted following an expanded Phase 1 safety trial in which DB289 caused liver
toxicity and severe, delayed-onset renal toxicity in a subset of healthy volunteers.
DB289 is a prodrug metabolized through cytochrome P450 4F enzymes (CYP4F)
into the active metabolite 2,5-Bis(4-amidinophenyl) furan (Furamidine, DB75),
which has been shown to accumulate in tissues to millimolar concentrations; this
accumulation was hypothesized to play a role in the toxicity although the underlying mechanism is unclear. To better understand the mechanisms of the organ toxicities, high-content imaging (HCI) technology was used to examine primary
human renal proximal tubule epithelial cells. Cellular mechanistic and morphological endpoints were measured by HCI including cell count, nuclear size, apoptosis
(cytochrome-C release), mitochondrial function (MitoTracker), endoplasmic reticulum (ER) stress (CHOP/GADD153), oxidative stress (DHE, MnSOD/SOD),
and DNA damage (phospho-H2AX). The cellular endpoints were evaluated following 4, 24, and 72 hour exposures to DB289, DB75, and 3 other intermediate
metabolites (DB290, DB775, and DB810) in a 9-point dose response up to 100
uM. Perturbations in endpoints tested were evident at doses >10 uM with DB75
and to a lesser extent with the intermediate metabolites, whereas DB289 only
demonstrated ER stress and at the highest concentration (100 uM). Taken together
these data suggest DB289 is not the underlying causative toxicant, rather it is the
metabolites of DB289 that induces renal cell injury.
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TOXICOPROTEOMIC ANALYSIS OF
NEPHROTOXICITY INDUCED BY ARISTOLOCHIC
ACID.

L. Yu1, Z. Li2, Y. Gao1 and T. Chen2. 1Division of Systems Biology, National
Center for Toxicological Research, US FDA, Jefferson, AR and 2Division of Genetic
and Molecular Toxicology, National Center for Toxicological Research, US FDA,
Jefferson, AR.
Advancements of proteomics approaches and their application to toxicological
studies have led to the development of a new discipline, toxicoproteomics. Use of
dietary supplements containing aristolochic acid (AA) can result in severe nephrotoxicity in humans. In addition, AA is a potent carcinogen, inducing urothelial cancers in humans and kidney tumors in rats. To understand the molecular mechanisms underlying AA-induced nephrotoxicity and identify injury biomarkers, a
quantitative proteomic analysis was conducted on kidneys from AA-treated rats.
Animal treatment was conducted according to the protocol approved by the NCTR
Institutional Animal Care and Use Committee. Six-week-old Big Blue rats were
treated with different doses of AA or with 0.9% sodium chloride as the control.
After treatment, six rats from each treatment group were sacrificed. The kidneys
were isolated, frozen quickly in liquid nitrogen, and stored at -80 °C. Kidney tissues
from the control and the highest AA dose treatment (10 mg/kg body weight) were
processed for proteomic analysis using trypsin-catalyzed 16O/18O stable isotope labeling and two-dimensional liquid chromatography coupled online with tandem
mass spectrometry (LC-MS/MS). Approximately 3000 proteins were quantified
and more than 150 proteins were consistently over expressed or under expressed
across all the AA-treated samples. Pathway analysis indicated that significant
changes include proteins involving xenobiotic metabolism, DNA damage, cell proliferation and neoplasm, etc. Intriguingly, several FDA-qualified preclinical kidney
injury biomarkers were identified in this study. The quantitative proteomic study
identified proteins related to potential toxicity and carcinogenicity of AA and proteins that could serve as biomarkers of renal damage inflicted by AA exposure and
potentially other agents that cause similar renal damage. The views presented do
not necessarily reflect those of the US Food and Drug Administration.
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RNA-SEQ PROFILING REVEALS NOVEL GENE
EXPRESSION PATTERN AFTER SUBCHRONIC
AFLATOXIN B1 (AFB1) IN RATS.

B. A. Merrick1, S. S. Auerbach1, S. M. Stiegelmeyer2, D. P. Phadke2, R. R.
Shah2 and R. R. Tice1. 1Biomolecular Screening Branch, DNTP/NIEHS, Research
Triangle Park, NC and 2SRA International, Research Triangle Park, NC.
NextGen transcriptome sequencing (RNA-Seq) is a platform for generating millions of short sequence reads aligned to a reference genome for accurate and thorough description of gene expression. In this study, liver RNA was extracted from
male F344 rats orally exposed to 1 ppm aflatoxin B1 (AFB1) for 90 days vs controls
(Ctl) (n=4/group), before development of histopathological lesions or tumors. Our
hypothesis was RNA-Seq would reveal differences in low copy and novel gene expression related to AFB1’s potent carcinogenic activity. Illumina IIgx RNA-Seq sequencing produced 29-37 million reads/sample using 100bp paired-ends. Principal
component analysis showed concordance of genomic coverage among group samples and AFB1 and Ctl treatments were well separated. Reads were aligned to the
Rn4 build with Tophat and differential expression was assessed by both Cufflinks
and DESeq algorithms. DESeq analysis showed >500 differentially expressed genes
and 3 ncRNA’s at >2 fold, false discovery rate=0.05. Cufflinks identified ~295
genes with significantly expressed splicing variants. AFB1-altered transcripts filled
33 canonical pathways for signaling of Ahr, Nrf2, GSH, xenobiotic, cell cycle, extracellular matrix and cell differentiation networks at p<0.05. Some >10 fold, overexpressed transcripts included Ddit4l, Cdh13, Nrcam, IL17rd and others. Also,
novel, unannotated, hepatic AFB1-responsive transcripts (HAfT’s) increased 10 to
25-fold above Ctl were found, located on chromosomes 1.q55 and 15.q11. PCRcloning of Chr1 transcript revealed >1 possible open reading frame and several
exons, and functional analysis as related to AFB1 carcinogenesis is underway. We
conclude that RNA-Seq represents an unbiased platform for comprehensive and
sensitive measurement of the rat transcriptome and is capable of providing new insights into the biology of AFB1-mediated gene expression leading to hepatocellular
carcinoma.
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POTENTIAL PANCREATITIS RISK FACTORS IN
RODENTS TREATED WITH EXENATIDE.

H. Zhou, B. Rosenzweig, T. Colatsky and R. Rouse. Division of Drug Safety
Research, Food and Drug Administration, Silver Spring, MD.
Exenatide, a glucagon-like peptide-1 (GLP-1) analogue, is indicated for the treatment of type II diabetes. Concerns have been raised about the potential risk of pancreatitis related to exenatide use, but conflicting data confound an assessment of its
nature and magnitude. To better understand exenatide’s pancreatic effects, Sprague
Dawley rats were administered subclinical to clinical doses of exenatide at 0, 3, 10,
or 30 μg/kg/day for 6 weeks. Pancreases were harvested 24 hours after the last exenatide dose for RNA extraction and microarray analysis of gene expression.
Exenatide treatment dose-dependently increased the number of differentially expressed genes in rat pancreas. At each dose, the number of down-regulated genes
(65, 122, 167) exceeded the number of up-regulated genes (33, 44, 128). Toxicity
pathways identified as part of exenatide’s effects included cell cycle: G1/S checkpoint regulation, mitochondrial stress, glutathione depletion and oxidative stress.
Non-dose-dependent transcriptional changes in various peptidases and protease inhibitors were observed, including a 10-fold down-regulation of a broad spectrum
protease inhibitor, murinoglobulin-1, that occurred in all 3 dose groups, and a near
2-fold
up-regulation
of
the
preprotrypsinogen
IV
gene
(1810009J06Rik/LOC100044143) that occurred in the 10 and 30 μg/kg/day exenatide dose groups. Interestingly, a pilot study with 30 μg/kg/day exenatide treatments for 6 weeks in mice demonstrated an even greater up-regulation of preprotrypsinogen IV, in addition to up-regulation of both trypsinogen Prss3 and
antitrypsin SERPINA10. These expression data suggest that exenatide may affect
the balance of trypsin and trypsin inhibitors that could be a critical factor in initiation of pancreatitis.

1227

GENE EXPRESSION CHANGES IN SPRAGUE DAWLEY
RATS FOLLOWING COMMON HANDLING
PROCEDURES.

C. M. Karbowski, Y. He, C. Di Palma, Y. Chen, M. Higgens-Garn, S. Tran
and H. Hamadeh. Comparative Biology & Safety Sciences, Amgen, Thousand Oaks,
CA.
Gene expression profiling is widely employed as a tool to gain mechanistic understanding of adverse effects following toxicant exposure. However, there is little
known about how the handling of experimental animals during a study alters gene

264

SOT 2012 ANNUAL MEETING

expression. Thus, we investigated gene expression changes in the livers of female
Sprague Dawley rats following common handling procedures for 1 or 4 days in
order to gain insight on baseline gene expression changes which may affect interpretation of gene expression changes following toxicant exposure. Animals were divided into three groups (n=10 per group). One group was not subjected to handling procedures. Animals in the other two groups were weighed, subjected to body
restraint, and administered water via oral gavage daily for 1 or 4 days with tail vein
blood collections at 1, 2, 4, and 8 hours post-dose on days 1 and 4 followed by euthanasia on day 2 or 5. Significant genes were identified using a 3-group one-way
ANOVA and a non-parametric analysis method in animals after 1 or 4 days of handling compared to the unhandled animals. There were very few significant gene
changes in animals handled for 4 days when compared to those handled for 1 day
which suggests that the initial response to handling procedures does not evolve over
the time course of this investigation. Analysis of these genes using pathway enrichment analysis revealed minor decreases in complement related genes along with increases in a small number of additional immune related genes. These findings,
along with a reference database prediction of hepatic inflammatory cell infiltrates
may indicate a minor immune perturbance in the liver following common handling procedures. The physiological consequences of these changes and how they
may affect interpretation of gene expression changes following toxicant exposure
will be the subject of future research.
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DEVELOPMENT OF A QUANTITATIVE PCR BASED
GENE SIGNATURE FOR IDENTIFYING BILE DUCT
HYPERPLASIA IN SHORT-DURATION RAT STUDIES.

G. H. Searfoss1, A. Smith1, J. Liu2, R. Jolly1, K. Goldstein1 and C. Thomas1.
1Investigative Toxiocolgy, Eli Lilly and Company, Indianapolis, IN and 2Translational
Sciences, Eli Lilly and Company, Indianapolis, IN.
Hepatobiliary injury associated with drug treatment, particularly bile duct hyperplasia (BDH), has been difficult to clearly identify in short duration (e.g. 4 day) rodent toxicology studies. Although measurement of circulating levels of bilirubin
and GGT are routinely used to diagnose hepatobiliary injury, these markers have
been shown to lack sensitivity and specificity, and historically only histological assessment can be relied upon for verification of BDH. However in short duration
studies declaration of BDH is challenging as the lesions are often subtle and it is
difficult to predict if BDH would manifest in longer duration studies. In order to
address these shortcomings, efforts have been undertaken by a number of groups to
develop gene expression based diagnostic and predictive markers (signatures) of bile
duct hyperplasia. Using previously established gene array based BDH signatures as
a starting point we used a data mining approach to compile a set of 19 genes likely
to be informative based on their frequencies and weightings across all the examined
signatures. Using these 19 genes as a starting point, along with a training set of liver
RNAs from rats treated with compounds that were positive or negative for BDH
induction in 4 day rat studies, a new six gene quantitative PCR (qPCR) based signature was developed. The signature was generated using a machine learning algorithm based approach which yielded a logistic regression model that utilizes quadratic penalization of the six genes. The signature was subsequently tested with liver
RNA from additional BDH positive and negative compound treatments in standard 4 day rat toxicology studies. This new qPCR based BDH gene signature has
an overall performance of 63% sensitivity and 97% specificity and, when combined
with histopathology, improves our ability to correctly identify adverse hepatobiliary
injury in screening studies.
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A TOXICOGENOMICS-BASED IN VITRO METHOD
FOR PREDICTING HEPATOTOXICITY.

K. N. De Abrew, G. J. Overmann, R. L. Adams, G. J. Carr, J. P. Tiesman, G.
P. Daston and J. M. Naciff. Miami Valley Innovation Center, Procter & Gamble
Company, Cincinnati, OH.
In vitro assays have had limited success in predicting systemic toxicity arising from
a variety of mechanisms. A major reason for this may be the limited endpoints that
are typically measured in in vitro assays (e.g., cell viability, proliferation rate).
However, given that cells in culture can maintain a differentiated, specialized phenotype, it is likely that their responses are far richer than what we evaluate. Whole
genome micro array analysis provides an all-in-one system, where one in vitro system may potentially be used to provide mechanistic insight, which in turn can be
the basis for predicting toxicity potential. A proof of principle study was performed
for the 10 hepatotoxicants, Acetaminophen, β Naphthoflavone, Chlorpromazine,
Clofibrate, DEHP, DINP, Methpyrilene, Sodium Valproate, Phenobarbital and
WY14643 (which included 2 structurally similar compounds and structurally dissimilar compounds that have similar molecular targets) using primary rat hepatocytes. Gene expression microarray analysis was performed on the 10 chemicals, 24

h post exposure (at two different dosages) and the 1000 most significantly changed
genes were used for further analysis. Both whole genome and pathway based clustering analysis resulted in the phthalates clustering together, while the other 8 compounds which were not structurally similar, clustered based on their mode of action. The peroxisome proliferators, Clofibrate and WY14643 and the phthalates
clustered together, Acetaminophen and Sodium Valproate grouped together and
the enzyme inducers, Phenobarbital, Methpyrilene, Chlorpromazine and β
Naphthoflavone clustered together. These results indicate that transcription profiling using an in vitro assay may offer pertinent biological data to support predictions
of in vivo hepatotoxicity potential.

sponse similar to morphological response. An increase in concentration was also
positively associated with an increase in magnitude of expression for individual
genes. Our study shows that transcriptomics analysis in the ZET is a more sensitive
readout of compound-induced effects than morphological assessment. Moreover,
specific knowledge on mechanisms of action becomes available for study. However,
the interpretation of differential gene expression in terms of predicting adverse
morphological effects requires further study.
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GLOBAL GENE EXPRESSION CHANGES IN HUMAN
EMBRYONIC LUNG FIBROBLASTS INDUCED BY
ORGANIC EXTRACTS FROM RESPIRABLE AIR
PARTICLES.

J. Topinka1, H. Libalova1, 2, K. Uhlirova1, J. Klema3, M. Machala4 and R. J.
Sram1. 1Institute of Experimental Medicine ASCR, v.v.i., Prague, Czech Republic,
2Charles University in Prague, Prague, Czech Republic, 3Czech Technical University
in Prague, Prague, Czech Republic and 4Veterinary Research Institute, Brno, Czech
Republic.
To obtain insight into the biological mechanisms of action of the extractable organic matter (EOM) from ambient air particles, human embryonic lung fibroblasts
(HEL12469) were treated with organic extracts from PM2.5 collected in four localities of the Czech Republic which differed in the extent and sources of air pollution. We assess changes in the genome-wide expression profiles compared to
DMSO treated controls. Cells were incubated with subtoxic EOM concentrations
of 10 - 60 μg EOM/ml for 24 h and gene expression changes were analyzed using
human whole genome microarrays (Illumina). Dose-dependent increases in the
number of deregulated transcripts as well as dose-response relationships in the levels of individual transcripts were observed. The transcriptomic data did not differ
substantially between the localities, suggesting that the air pollution originating
mainly from various sources may have similar biological effects. This was further
confirmed by the analysis of deregulated pathways and by identification of the most
contributing gene modulations. The number of significantly deregulated KEGG
pathways varied, depending on the locality, between 12 to 29. The metabolism of
xenobiotics by cytochrome P450 exhibited the strongest upregulation in all 4 localities and CYP1B1 had a major contribution to the upregulation of this pathway.
Other important deregulated pathways were ABC transporters (toxin excretion activity), the Wnt and TGF-beta signaling pathways (associated particularly with
tumor promotion and progression), steroid hormone biosynthesis (involved in the
endocrine-disrupting activity of chemicals), and glycerolipid metabolism (pathways
involving the lipids with a glycerol backbone including lipid signaling molecules).
These results suggested a prominent role of activated aryl hydrocarbon receptor-dependent gene expression. Supported by the Grant Agency of the CR
(503/11/0142).
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CONCENTRATION-RESPONSE ANALYSIS OF
DIFFERENTIAL GENE EXPRESSION IN THE
ZEBRAFISH EMBRYOTOXICITY TEST FOLLOWING
FLUSILAZOLE EXPOSURE.

S. A. Hermsen1, 2, 3, T. E. Pronk1, 2, E. van den Brandhof1, L. T. van der Ven1
and A. H. Piersma1, 3. 1Laboratory for Health Protection Research, National Institute
for Public Health and the Environment (RIVM), Bilthoven, Netherlands,
2Department of Toxicogenomics, Maastricht University, Maastricht, Netherlands and
3Institute for Risk Assessment Sciences (IRAS), Utrecht University, Utrecht,
Netherlands. Sponsor: H. van Loveren.
The zebrafish embryotoxicity test (ZET) may be a useful alternative model in predictive toxicology. Currently, morphological assessment of the embryo is the main
readout for this assay. However, implementation of transcriptomics may reveal
more subtle effects at the level of gene expression, which may increase sensitivity
and predictability of the test. As effects on morphology and gene expression are dependent on compound concentration, this may influence developmental toxicity
prediction. In this study, we tested a concentration-response of flusilazole in the
ZET. Exposure was initiated shortly after fertilization. At 24 h post fertilization,
microarray analysis revealed a number of processes regulated in a concentration-dependent way. We identified development related processes, retinol metabolism and
transcription, as well as processes corresponding to the antifungal mechanism of action, steroid biosynthesis and fatty acid metabolism, to be regulated. Retinol metabolism and transcription were already significantly regulated at concentrations
that were not inducing morphological effects. Differential expression of genes related to steroid biosynthesis and fatty acid metabolism showed a concentration-re-

INVESTIGATION OF TROGLITAZONE-INDUCED
HEPATO AND CARDIO TOXICITY IN NORMAL AND
HIGH-FAT DIET-INDUCED DIABETIC MOUSE
MODELS.

H. K. Bahia1 and T. W. Gant2. 1MRC Toxicology Unit, Leicester, United Kingdom
and 2Health Protection Agency, Centre for Radiation, Chemical & Environmental
Hazards, Didcot, United Kingdom.
Two major toxicological reasons for post marketing drug withdrawal are hepato and
cardio toxicity. Members of the thiazolidinedione family of Peroxisome Proliferator
Activated Receptor Gamma (PPARγ) agonists, Troglitazone (TRO) and
Rosiglitazone have been withdrawn from the market due to incidences of hepato
and cardio toxicity. The mechanism of TRO induced toxicity has yet to be fully elucidated. Using both a normal and a high fat diet induced diabetic mouse models we
have investigated the toxicity of TRO using transcriptomic analysis of liver and
heart. Pathway analysis of these data has shown modulated pathways involved in a
process related to hepatic steatosis, cholestasis, fibrosis and sarcomere remodelling.
The potential cardiotoxicity of TRO, through pulmonary oedema leading to sarcomere remodelling was observed in the normal mouse model. TRO induced hepatotoxicity is difficult to model in normal animal models and in this study it was observed only in the high fat diet diabetic model. The increased expression of PPARγ
in fatty liver compared to the levels found in normal liver, may account for the difficulty in investigating TRO hepatotoxicity in a normal animal. In fatty liver, expression of PPARγ is increased and administration of TRO further elevates expression levels in turn activating a number of downstream targets that are associated
with the formation of hepatic steatosis. These findings correlate with clinical observations of pulmonary oedema in both healthy volunteers and patients and evidence
of hepatic steatosis that was observed in liver biopsy samples taken from patients
presenting with TRO induced hepatotoxicity. Using Next Generation Sequencing
the role of microRNAs in TRO induced toxicity is being investigated.
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PREDICTION MODEL OF POTENTIAL
HEPATOCARCINOGENICITY OF RAT
HEPATOCARCINOGENS USING A LARGE-SCALE
TOXICOGENOMICS DATABASE.

T. Uehara1, 2, Y. Minowa2, Y. Morikawa2, C. Kondo1, T. Maruyama1, I. Kato1,
N. Nakatsu2, Y. Igarashi2, A. Ono2, H. Hayashi3, K. Mitsumori3, H. Yamada2,
Y. Ohno4 and T. Urushidani5. 1Shionogi & Co., Ltd., Toyonaka, Japan, 2National
Institute of Biomedical Innovation, Ibaraki, Japan, 3Tokyo University of Agriculture
and Technology, Fuchu, Japan, 4National Institute of Health Sciences, Tokyo, Japan
and 5Doshisha Women’s College of Liberal Arts, Kyotanabe, Japan.
The present study was performed to develop a robust gene-based prediction model
for early assessment of potential hepatocarcinogenicity of chemicals in rats by using
our toxicogenomics database, TG-GATEs (Genomics-Assisted Toxicity Evaluation
System). The positive training set consisted of high- or middle-dose groups that received 6 different non-genotoxic hepatocarcinogens during a 28-day period. The
negative training set consisted of high- or middle-dose groups of 54 non-carcinogens. Support vector machine combined with filter-type gene selection algorithm
was used for modeling. Consequently, our best classifier yielded prediction accuracies for hepatocarcinogenicity of 99% sensitivity and 97% specificity in the training
data set. Pathway analysis of feature genes revealed that the mitogen-activated protein kinase p38- and phosphatidylinositol-3-kinase-centered interactome and the vmyc myelocytomatosis viral oncogene homolog-centered interactome were the 2
most significant networks. The usefulness and robustness of our predictor were further confirmed in an independent validation data set obtained from the public
database. Interestingly, similar positive predictions were obtained in several genotoxic hepatocarcinogens as well as non-genotoxic hepatocarcinogens. These results
indicate that the expression profiles of our newly selected candidate biomarker
genes might be common characteristics in the early stage of carcinogenesis for both
genotoxic and non-genotoxic hepatocarcinogens in the rat liver. Our toxicogenomic model might be useful for the prospective screening of hepatocarcinogenicity of compounds and prioritization of compounds for carcinogenicity testing.
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CHARACTERIZATION OF POLYBROMINATED
DIPHENYL ETHER TOXICITY IN WISTAR HAN RATS
AND USE OF LIVER MICROARRAY DATA FOR
PREDICTING DISEASE SUSCEPTIBILITIES.

K. Shockley, A. E. Brix, M. K. Vallant, H. C. Cunny and J. K. Dunnick.
National Toxicology Program/National Institute of Environmental Health Sciences,
Research Triangle Park, NC.
The toxicity of polybrominated diphenyl ethers (PBDEs), flame retardant components, was characterized in offspring from Wistar Han dams exposed by gavage to a
PBDE mixture (DE71) starting at gestation day 6 (GD 6) and continuing to weaning on postnatal day 21 (PND 21). Offspring from the dams were directly dosed by
gavage at the same dose as their dam beginning on PND 12, continuing through
weaning on PND 21, and for an additional 13 weeks post-weaning. Prior to weaning animals were dosed daily and after weaning animals were dosed 5 days/week.
Liver samples were collected at PND 22 (both sexes) and week 13 (males) for liver
gene expression analysis (Affymetrix Rat Genome 230 2.0 Array). We applied
analysis of variance (ANOVA) incorporating shrinkage variance components to
identify differentially expressed genes. One-way layouts were used to find dose- or
sex-specific effects, while two-way layouts were used to explore interactions between age and dose (for males) and sex and dose (at PND22). PBDE treatment induced 1,066 liver gene transcript changes in females and 1,200 transcriptional
changes in males at PND 22 (false discovery rate (FDR) < 0.01), but only 263 liver
transcriptional changes at 13 weeks in male rats (FDR <0.05). No significant differences in dose response were found between male and female pups, but we identified 447 age-dependent changes in gene expression response to PBDEs (FDR <
0.05). Transcript changes at PND 22 coded for proteins in xenobiotic, sterol and
lipid metabolism, and cell cycle regulation, and overlapped rodent liver transcript
patterns produced after high fat diet or phenobarbital exposure. These findings,
along with the observed PBDE-induced liver hypertrophy and vacuolization, suggest that long-term PBDE exposures have potential to modify cell functions that
contribute to metabolic disease and/or cancer susceptibilities.

1236

X. Gu and J. E. Manautou. Department of Pharmaceutical Sciences, University of
Connecticut, Storrs, CT.
Liver damage resulting from acetaminophen (APAP) overdose is a serious human
health problem. However, the precise molecular mechanism of toxicity remains unclear. Basic helix-loop-helix (bHLH) proteins are dimeric transcription factors connected as a network through protein-protein interaction (PPI) to coordinately regulate the expression of a large number of genes. In this study, we analyzed the
expression of all hepatic bHLH genes in groups of mice pretreated with either
APAP (400mg/kg,ip) or vehicle and then challenged 48 h later with APAP
(600mg/kg,ip) or vehicle. We also built a conceptual PPI network model to mimic
the interaction among all known 112 bHLH proteins. The results show that different clusters of genes were differentially expressed in a time-dependent manner by
the different APAP treatments. Each of the clusters contained between 7 and 17
genes. These clusters were then subjected to PPI network modeling based on our
conceptual bHLH PPI network model, and the resulting subnetworks were analyzed topologically. This analysis showed that the connectivity among bHLH proteins in all networks were compact and well organized, with ID2, ID3, MAX and
MYC serving as important nodes for connectivity. Changes in the expression of
ID1, ID2, ID3 and Hes6 genes were prominent in all APAP treatment groups,
while MYC gene expression was only found to change in mice pretreated and challenged with APAP. In conclusion, the bHLH sub-networks generated in this study
could serve as signaling assembly units in response to APAP hepatotoxicity. Our
findings also provide an initial and systematic guide to further investigate the role
of bHLH proteins during APAP liver toxicity. Supported by NIH DK069557.
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TRANSCRIPTOME SEQUENCING OF INDIVIDUALS
OCCUPATIONALLY EXPOSED TO BENZENE.

C. M. McHale1, L. Zhang1, Q. Lan2, R. Thomas1, A. E. Hubbard1, R.
Vermeulen3, G. Li4, S. M. Rappaport1, S. Yin4, M. T. Smith1 and N. Rothman2.
1School of Public Health, University of California Berkeley, Berkeley, CA, 2Division
of Cancer Epidemiology and Genetics, National Cancer Institute, Bethesda, MD,
3Institute of Risk Assessment Sciences, Utrecht University, Utrecht, Netherlands and
4Institute of Occupational Health and Poison Control, Chinese Center for Disease
Control and Prevention, Beijing, China.
Benzene, a ubiquitous environmental hematotoxicant, causes acute myeloid
leukemia (AML) and myelodysplastic syndromes and may cause lymphoid malignancies in humans, but the underlying mechanisms are unclear. Through microarray analysis of the peripheral blood mononuclear cell (PBMC) transcriptomes of a
population (n=125) occupationally exposed to benzene (<1 to >10 ppm), we recently showed significant alteration of the KEGG AML pathway by benzene exposure. Further, immune response pathways were altered, providing biological plausibility for an association between lymphoma and benzene exposure. Transcriptome
sequencing (RNA-Seq) has a greater dynamic range than microarrays and the potential to reveal additional transcriptional information. In the present study, we
have performed RNA-Seq on PBMCs from 10 highly-exposed (>10 ppm) and 10
unexposed control study subjects that were previously analyzed by microarray.
RNA-Seq libraries were prepared using Illumina’s mRNA TruSeq protocol followed
by sequencing generating approximately 70 million nt paired-end reads per sample.
The reads were aligned to the human genome, UCSC hg19, using the TopHat and
BowTie software and differentially expressed genes were identified using functions
in the Cufflinks and edgeR programs. RNA-Seq identified many of the same alterations in gene expression, gene ontologies and pathways identified by microarray
analysis and revealed additional alterations in expression. These results demonstrate
that RNA-Seq has the potential to provide new insights into the toxicology of benzene and will be applied to additional study subjects in future studies. Supported by
NIH grant P42ES04705.
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DIFFERENTIAL EXPRESSION AND PROTEIN-PROTEIN
INTERACTION NETWORKS OF THE BASIC HELIXLOOP-HELIX FAMILY OF TRANSCRIPTION FACTORS
IN RESPONSE TO ACETAMINOPHEN LIVER TOXICITY.

MECHANISTIC INVESTIGATION OF LIVER TOXICITY
OF A FATTY ACID AMIDE HYDROLASE INHIBITOR
USING GENE EXPRESSION ANALYSIS.

J. N. Dwyer1, T. Ackerson1, C. Thompson1, O. Mendes1, M. Kabiri2 and Z.
Jayyosi1. 1sanofi-aventis, Bridgewater, NJ and 2sanofi-aventis, Frankfurt, Germany.
SSR101010 is a fatty acid amide hydrolase inhibitor developed for the treatment of
anxiety and depression. In preclinical studies, treatment-related effects were observed in the rat liver, including centrilobular hepatocellular lipid vacuolation and
necrosis. Elevated triglycerides in Phase I clinical trials resulted in project termination. The purpose of this work was to investigate the mechanism of liver toxicity
observed with SSR101010 in rats and to determine the utility of gene expression
analyses to generate a working hypothesis related to the mechanism of toxicity.
Male rats were treated orally with SSR101010 at 0, 5, 15 or 30 mg/kg/day for 1 or
5 days. Liver samples were collected following 6, 24 hours and 5 days of treatment
for gene expression analysis, functional biochemical assays, clinical pathology and
histopathology. Treatment-related increases in α-GST, cholesterol and triglycerides
accompanied with hepatocellular vaculation were observed in this study. Gene expression pathway changes included decreased gene expression associated with lipid
metabolism including PPARα dependent peroxisomal and mitochondrial fatty acid
oxidation genes; significant upregulation of CYP1A1 and TCDD response element
and activation of the aryl hydrocarbon receptor pathway; and stress-related response as indicated by an increase in gene expression related to the Nrf-2 antioxidant response element and glutathione metabolism. The cyanide-insensitive β-oxidation measured in liver homogenate was significantly decreased in treated animals
correlating with the down regulation of the PPARα dependent genes. In addition,
SSR101010 was shown to inhibit oxygen consumption in isolated mitochondria. It
is hypothesized that the common mechanism underlying SSR101010 liver toxicity
in preclinical studies may be caused by decreased PPARα activity and lipid metabolism. Taken together, the overall results from this study indicated that the liver toxicity of SSR101010 is not likely related to the pharmacologic action of the compound.
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TRANSCRIPTOME ANALYSIS FOLLOWING LOW-DOSE
BISPHENOL A EXPOSURE REVEALS EFFECTS ON
SIGNALING PATHWAYS IMPLICATED IN NERVOUS
SYSTEM DEVELOPMENT AND FUNCTION.

K. S. Saili1, M. M. Corvi1, S. C. Tilton2, S. R. Das1, K. M. Waters2 and R. L.
Tanguay1. 1Department of Environmental & Molecular Toxicology, Environmental
Health Sciences Center, Oregon State University, Corvallis, OR and 2Computational
Biology & Bioinformatics Group, Pacific Northwest National Laboratory, Richland,
WA.
Bisphenol A (BPA) is a suspected endocrine disruptor that presumably elicits its effects through binding to estrogen receptors (ERs) or other targets such as G-protein
coupled estrogen receptor (GPER) or estrogen related receptor gamma (ERRγ).
There is concern that BPA at low exposure levels could impact the developing nervous system. Global gene expression analysis was used to investigate the molecular
level effects of low-dose BPA exposure with the goals of identifying differentially
regulated genes indicative of developing organ systems and determining whether
ER and/or ERRγ activation mediates these events. We exposed 8 hours post fertilization (hpf ) zebrafish embryos to 0.1% DMSO control, 0.1 μM BPA, 0.1 μM
estradiol (E2; a classical estrogen receptor ligand), or 0.1 μM GSK4716 (GSK; a
synthetic ERRβ/γ ligand). At 24 hpf, pools of 40 embryos (N=3) were collected
and RNA was processed for hybridization to a Nimblegen zebrafish 12-plex 135K
microarray. A total of 983 genes (BPA 343, GSK 531, E2 375) were statistically significant, although the gene expression magnitude changes resulting from these lowdose exposures were modest (≤2 fold changes). Ingenuity Pathway Analysis revealed
the top affected gene network for both BPA and GSK was G-protein coupled receptor signaling. For BPA, the top 2 functions affected were cell signaling and nervous system development, particularly synaptic transmission. Among the significantly regulated genes were 2 serotonin receptors (HTR6 and HTR1D) and a
neuropeptide receptor (MTNR1B). These receptors were similarly regulated by
GSK exposure, implying an ERRβ/γ mediated mechanism. Supported by NIEHS
T32ES7060, 1R21ES018970, P30 ES000210, and an EPA STAR Graduate
Fellowship to KSS. Note: the EPA has not officially endorsed this abstract.
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PROTEOMIC PROFILES OF ZEBRAFISH LIVER CELL
LINE FOLLOWING THE ADMINISTRATIONS OF
CADMIUM ION.

J. Zhu and K. Chan. School of Life Sciences, Faculty of Science, Chinese University of
Hong Kong, Hong Kong, Hong Kong.
In this study, a zebrafish liver cell line - ZFL was used as a model to investigate the
toxicity mechanism of heavy metal- cadmium on hepatocytes. Reactive oxygen
species (ROS), antioxidant levels, related enzyme activity and gene expression were
detected. The intracellular level of ROS was however decreased by cadmium ion administrations. Furthermore, a proteomic approach was used to study the proteins
differential expression profile related to sub-lethal cadmium toxicity. A total of 77
differentially expressed proteins were detected by two-dimensional gel electrophoresis (2-DE) after cadmium exposure; 43 of them were identified by
MALDI-TOF-MS. The proteins that responded to cadmium toxicity in ZFL cells
were found relate to stress response, transporters, regulation of transcription, redox
homeostasis, or some signaling pathways, with half of these proteins having metal
ion binding capabilities, indicating that the toxicity mechanism is more closely related to interfere biological processes in ZFL cells.
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PROTEOMIC PROFILES AND GENE EXPRESSION
STUDIES OF FISH LIVER CELL LINES FOLLOWING
THE ADMINISTRATIONS OF COPPER ION.

K. Chan, D. Chen and S. K. Leung. School of Life Sciences, Chinese University, Sha
Tin, Hong Kong.
We report here the use of a proteomic approach to identify copper-affected proteins
in fish liver cell lines following the administrations of copper ions. A copper sensitive liver cell-line from zebrafish, ZFL and a less copper sensitive cell-line from
tilapia liver of Hepa-T1 cell were used in this investigation. The mechanism of copper toxicity to the both cell-lines was highly conserved with the copper-affected
proteins found to be involved in lipid metabolism, cell proliferation, cytoskeletons,
etc. However, copper caused higher levels of expression of proteins in Hepa-T1
than ZFL related to anti-oxidant effects and inhibition of reactive oxygen species, as
well as copper transportation in mitochondria. As a result, copper ions caused more
stress effects to ZFL cells than to Hepa T1 cells. The results from protein profiling
were also studied by using real-time quantitative polymerase chain reactions to examine the mRNA levels of the correpsonding genes. We also started to study and

compare the copper transporters (ATP7A, ATP7B, ATOX1, CTR1) involving in
copper removal and tolerance using Hepa-T1 and ZFL cell models. By comparing
the regulation of ATP7A in tilapia and zebrafish, it was found that the regulation of
this gene in tilapia was higher than that of zebrafish in vitro and in vivo. As it is
known that ATP7A plays an important role in copper efflux, it is proposed that
copper tolerance of tilapia might be due to a higher fold induction of ATP7A to remove the excessive copper ions entered into the system.
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EFFECTS OF BENZYL ISOTHIOCYANATE ON
METHYLATION AND EXPRESSION OF P21 TUMOR
SUPPRESSOR GENE IN JURKAT LEUKEMIA CELLS.

Y. Lee1, Y. Kim1, 2, Y. Choi1, J. Lee1, S. Lee1 and H. Chung1. 1School of Public
Health, Seoul National University, Seoul, Republic of Korea and 2Chung-Ang
University, Seoul, Republic of Korea. Sponsor: J. Chung.
The anticancer effects of Benzyl isothiocyanate (BITC), isolated from cruciferous
vegetables, have been studied extensively but the epigenetic molecular mechanisms
of BITC as a potent epigenetic therapeutic agent have not been reported. In the
present study, we investigated the effects of BITC on the methylation and expression of p21 tumor suppressor gene in Jurkat leukemic cell lines to evaluate its epigenetic therapeutic potential.
Jurkat cells were treated for six days with various concentration of BITC. To estimate global DNA methylation patterns by BITC, we performed DNA methylation
analyses of Sat2 and LINE-1 repeated elements, which have been shown to be
highly correlated with global methylation. BITC treatment decreased global DNA
methylation levels in Jurkat cells in a dose-dependent manner. It also reduced expression of the enzymes involved in DNA methylation, DNA methyltransferases
(DNMT) 3a and 3b, determined by quantitative mRNA expression assay.
Alterations in methylation and expression levels of p21 after treatment of Jurkat
cells with BITC were evaluated by quantitative real-time methylation specific PCR
and reverse transcription-PCR (RT-PCR). The treatment with BITC resulted in
demethylation of promoter of p21 and led to the re-expression of the mRNA of the
gene. Finally, p21 expression in Jurkat cells caused dose- and time-dependent apoptosis detected by flow cytometry.
Taken together, BITC induces promoter hypomethylation of p21 via down-regulation of DNA methyltransferases 3a and 3b, resulting in up-regulation of their expression and induction of apoptotic cell death in Jurkat cells. Our study provides
new insight into the epigenetic mechanism of action of BITC that may contribute
to the chemoprevention of leukemia and may have important implications for epigenetic therapy.

1242

CHEMOPREVENTIVE ACTIVITY OF TRIBUTYRIN IS
ASSOCIATED WITH INDUCTION OF THE P53
APOPTOTIC SIGNALING PATHWAY IN
EXPERIMENTAL HEPATOCARCINOGENESIS.

A. de Conti1, V. Tryndyak2, I. Koturbash2, R. Heidor1, T. P. Ong1, F. A.
Beland2, I. P. Pogribny2 and F. S. Moreno1. 1Food and Experimental Nutrition,
University of São Paulo, São Paulo, São Paulo, Brazil and 2Division of Biochemical
Toxicology, National Center for Toxicological Research, Jefferson, AR.
The reversibility of epigenetic alterations has been explored in order to develop
novel preventive and therapeutic approach for cancer control. Recent interest in histone deacetylase (HDAC) inhibitors has expanded from the field of clinical cancer
research to cancer chemoprevention. Previously, it has been demonstrated that tributyrin (TB), a butyric acid pro-drug, has chemo-preventive effect on rat hepatocarcinogenesis. The goal of the study was to determine molecular mechanisms of this
chemo-preventive effect of TB. With the exception of 5 rats that were not submitted for any experimental treatment (controls), 5 rats were treated with TB
(200mg/100g body weight) and 5 rats were treated with maltodextrin (MD;
300mg/100g body weight; isocaloric to TB group) daily for 8 consecutive weeks.
Two weeks after treatment initiation, rats from TB and MD groups underwent “resistant hepatocyte” model of hepatocarcinogenesis.
Treatment with TB resulted in lower HDAC activity, increased expression of histone acetyltransferase 1 (HAT1), and in increase of histone H3 lysine 9 and 18 and
histone H4 lysine 16 acetylation as compared to MD group. In addition to the increase of histone acetylation, TB caused an increase in the acetylation of p53 protein in the nucleus. These changes were accompanied by the activation of p53 signaling pathway, particularly by the up-regulation of pro-apoptotic genes, and
consequent increase of apoptosis in the liver of TB-treated rats. The results of the
present study indicate that chemo-preventive activity of TB may be related to the
increase of histone and p53 acetylation, which could lead to the induction of the
p53 apoptotic pathway.
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SUBCHRONIC TRICHLOROETHYLENE EXPOSURE
ALTERS EPIGENETIC PROCESSES IN CD4+ T CELLS.

K. Gilbert1, A. Nelson1, C. Cooney2 and S. Blossom1. 1Arkansas Children’s
Hospital Research Institute, Little Rock, AR and 2Arkansas Veteran’s Association
Hospital, Little Rock, AR.
Environmental or occupational exposure to trichloroethylene (TCE) has been
linked to immune hypersensitivity including autoimmune disease in humans. In a
model used to study TCE immunotoxicity MRL+/+ mice chronically exposed to
TCE developed a T cell-mediated liver disease similar to human idiopathic autoimmune hepatitis. TCE-induced disease in mice was accompanied by alterations in
CD4+ T cells including increased cytokine (IFN-γ) production after short-term (4
week) and chronic (32 week )exposure. In contrast, several experiments involving
sub-chronic TCE exposure in mice showed cytokine suppression by the CD4+ T
cells. The current study confirmed the CD4+ T cell decrease in cytokine production
after a 12-week TCE exposure. A mechanistic evaluation suggested that the CD4+
cell suppression involved DNA methylation. Several significant TCE-induced alterations in events controlled by epigenetic processes were revealed including increased expression of DNA methyl transferases and changes in the expression of
retroviral genes largely controlled by DNA methylation. These results show for the
first time that the immune toxicity of an environmental pollutant such TCE involves a biomodal effect regulated by epigenetic alterations.

1244

EPIGENETIC CHANGES IN P21 EXPRESSION IN RAT
KIDNEY AFTER EXPOSURE TO BROMATE.

B. S. Cummings1, X. Zhang1, N. Kolisetty1, N. E. Scholpa1, R. J. Bull2, J.
Fisher3, J. A. Cotruvo4 and D. Delker5. 1Pharmacology and Biomedical Science,
University of Georgia, Athens, GA, 2MoBull Consulting, Richland, WA, 3National
Center for Toxicological Research, US FDA, Jefferson, AR, 4Joseph Cotruvo &
Associates, LLC, Washington, DC and 5School of Medicine, University of Utah, Salt
Lake City, UT.
This study tested the hypothesis that bromate (BrO3-) induces epigenetic changes
in renal cells. Analysis of 5-methylcytosine staining, a global marker of epigenetic
changes, demonstrated that exposure of normal rat kidney cells to cytotoxic doses
of BrO3- (100 and 200 ppm) did not affect global DNA methylation after 72 hr. In
contrast, BrO3- exposure increased p38, p53 and histone 2AX (H2AX) phosphorylation, and p21 expression, compared to control cells. Treatment of cells with inhibitors of DNA methyltransferase (5-azacytidine) and histone deacetylase (trichostatin A) prior to BrO3- exposure did not alter p38 or p53 phosphorylation, but
slightly decreased H2AX phosphorylation, and significantly decreased p21 expression, compared to cells exposed only to BrO3-. We assessed p21 expression under
chronic conditions that did not induce cell death or DNA damage (0-10 ppm
BrO3- for 28 days). Under these conditions BrO3- induced a biphasic response in
p21 expression, with lower concentrations increasing expression, but higher concentrations decreasing expression. Increases in p21 expression correlated to decreases in p21 gene methylation. To verify that BrO3- has similar effect in vivo, female rats were exposed to KBrO3 in drinking water (0 to 400 mg/kg) for 28 days
and the expression and methylation of renal p21 was assessed. Similar to NRK cells,
BrO3- exposure increased p21 expression and altered p21 gene methylation at doses
that did not increase DNA damage or cell death. Collectively, these data support
the novel finding that BrO3- exposure induces epigenetic changes in p21 that correlate to alterations in its expression. We hypothesize that p21 plays a reparative role
at low doses that are unrelated to the DNA damaging effects of BrO3- that occur at
high doses.

1245

EFFECTS OF SUBCHRONIC EXPOSURE TO
PARTICULATE MATTERS ON DNA METHYLATION OF
LUNG TISSUE IN SPRAGUE DAWLEY RATS.

Y. Yan1, 2, C. Hsu2, C. Shen2, 3, M. Chan4 and T. Cheng1. 1Institute of
Occupational Medicine and Industrial Hygiene, National Taiwan University, Taipei,
Taiwan, 2Department of Medical Research, Chia-Yi Christian Hospital, Chaiyi,
Taiwan, 3Department of Urology, Chia-Yi Christian Hospital, Chaiyi, Taiwan and
4Department of Life Science and Institute of Molecular Biology, National Chung
Cheng University, Chaiyi, Taiwan. Sponsor: L. Chen.
Epigenetic mechanisms are a potential pathway linking environmental exposures to
diseases. Recently, acute air pollution exposure has been associated with changes in
DNA methylation in heavily methylated sequences with high representation
throughout the human genome. Epidemiological study also indicated that exposure
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to particulates over 2 to 3 months was associated with decreased repetitive element
methylation using blood sample. However, the toxicological evidence is lacking.
The objective of this study is to investigate the effect of particulate matter (PM) on
DNA methylation in lung cells of healthy Sprague Dawley (SD) rats. We hypothesized that chronic exposure to particulate air pollution might also modify DNA
methylation and be a potential mechanism by which chronic air pollution exposure
adversely affects health. To explore methylation changes in response to PM exposure, we used the methylated-CpG island recovery assay (MIRA)-assisted microarray method. Agilent 105k CpG microarray, Gene Pix 4000A Scanner, and GenePix
Pro 4.0 software were used to identify methylated target genes. SD rats exposed to
PM had fifteen genes (Ado, Igf2, Inha, Kcne3, Klc3, LOC691448, Pcdha11,
Pmch,
Pramel1,
Rasl12_predicted,
RGD1307381,
RGD1310111,
RGD1562114_predicted, Sox15_predicted, and Trim52) that have an increased
level of promoter CpG island methylation relative to the controls without exposure
to PM. The difference observed comparing non-exposure and exposure lung tissue
samples may be suggestive of a change in DNA methylation induced by PM.
Future studies are needed.
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DIFFERENTIAL EFFECTS OF CADMIUM IN
UNDIFFERENTIATED AND DIFFERENTIATED MOUSE
EMBRYONIC STEM CELLS ON TOTAL HISTONE
PROTEIN PRODUCTION AND H3 HISTONE
MODIFICATION PATHWAYS.

S. R. Gadhia and F. A. Barile. Pharmaceutical Sciences, Toxicology Division, St.
John’s University College of Pharmacy, Queens, NY.
The fetal basis of adult disease (FEBAD) theorizes that embryonic challenges initiate pathologies in adult life through epigenetic modification of gene expression. We
tested the hypothesis that metals, such as cadmium (Cd), alter epigenetic pathways,
by measuring total histone protein, histone H3 lysine mono-methylation
(H3K27me1), and cell viability, in differentiated and undifferentiated mouse embryonic stem (mES) cells. Stem cells were exposed to Cd for 1-h (plus 23-h recovery period) and 24-h, protocols. The data demonstrates that inhibitory concentrations 50% (IC50) for 24-h exposures were significantly lower in undifferentiated
cells when compared to differentiated cultures. Both undifferentiated and differentiated mES cells recovered from 1-h Cd exposure, significantly increasing IC50s
when compared to 24-h exposures. In addition, 24-h exposure to Cd in undifferentiated mES cells lowered total histone protein at a faster rate than cell proliferation
and H3K27me1, suggesting that Cd preferentially affects the former. Alternatively,
results of 24-h Cd exposure in differentiated cells was reversed, where cell proliferation and H3K27me1 dropped at a faster rate than total histone protein.
Interestingly, H3K27me1 levels were significantly decreased in differentiated cells
due to Cd exposure when compared to respective controls or undifferentiated mES
cells. The data suggests that Cd targets histone protein production early in stem cell
development and H3K27me1 in later stages. Histone H3 is a core histone protein
in chromatin while H3K27me1 is associated with transcriptional activation. Thus,
if low dose acute exposure to Cd selectively suppresses total histone protein in undifferentiated mES cells then it is capable of disrupting chromatin structure, an effect not seen in differentially mature cells. Additionally, Cd exposure suppresses
H3K27me1 levels in differentiated cells, thereby affecting transcriptional activation
in the absence of mutational changes.
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TRANSPLACENTAL EXPOSURE TO LOW-DOSE
ARSENIC IN MICE ALTERS DNA METHYLATION AND
EXPRESSION OF CELL CYCLE GENES.

A. Dalrymple1, C. Newman2, J. Hock2 and R. VanBeneden1, 3. 1Molecular and
Biomedical Sciences, University of Maine, Orono, ME, 2Maine Institution of Human
Genetics and Health, Bangor, ME and 3School of Marine Sciences, University of
Maine, Orono, ME. Sponsor: J. Gosse.
Exposure to arsenic has been linked to diabetes, cardiovascular diseases, and several
types of cancer. Recent epidemiological data have shown that early-life exposure to
arsenic may have a significant impact on human health. The EPA has set the action
level for the amount of arsenic in drinking water at 10ppb, although many in rural
Maine may be exposed to higher concentrations in their well water. Validation of a
mouse transplacental model provides a method to uncover toxic mechanisms.
Epigenetic studies have shown that exposure to toxicants during early development
can re-program gene expression patterns that may impact susceptibility to disease in
later life. To examine consequences of early life exposure, female C57BL6/J mice
were exposed to sodium arsenite (0, 10, 50, 500 ppb) in drinking water 4 days prior

to mating, during gestation and for 21 days following birth of the pups. At 21 days
old, pups were sacrificed and liver was flash frozen. Potential changes in gene expression were examined by RT2 Profiler™ PCR Array (SABiosciences); DNA
methylation analysis was performed using Methyl-ProfilerTM DNA Methylation
PCR Array System (SABiosciences). Preliminary data indicate significant expression changes in genes playing a role in cell cycle regulation, such as Cdkn1a and
Wee1 in both males and females, Ccnb1 in males and Inha in females. Based on
fold change analysis, the response to arsenic appears to be gender specific, as only 7
genes showed similar results. DNA methylation patterns of cell cycle regulatory
genes also showed gender-specific alterations in pups born of arsenic-exposed dams
vs. unexposed controls. Many of the genes showing altered methylation are involved in regulation of the cell cycle. Evaluation of these results will provide comparative information on fetal exposure to arsenic and contribute to our understanding of mechanisms that may be linked to predisposition to adult diseases.
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Kim1,

HYPOMETHYLATION OF MIR-22 AND NEGATIVE
REGULATION OF ITS APOPTOSIS-RELATED TARGET
GENE EXPRESSION IN A BPA-EXPOSED HEPG2 CELL
LINE.

Yu1, 2,

An2,

Ha1,

Youn1,

Lee3,

Ryu4

Hwang1, 2, 3.

S.
S.
Y.
J.
J.
S.
J.
and S.
1Genome Business, GenoCheck, Ansan, Republic of Korea, 2Biochemistry, Hanyang
3
University, Ansan, Republic of Korea, Bio-Nanotechnology, Hanyang University,
Ansan, Republic of Korea and 4Cellular and Molecular Toxicology Laboratory, Korea
Institute of Science & Technology, Seoul, Republic of Korea.

Bisphenol A (BPA), an widely used environmental chemical, is encircled to human
life. However, we generally do not know whether or not it can cause negative health
effects. One of the representative epigenetic changes that inhibit gene expression is
DNA methylation, which has been very well studied in association with cancer and
development. Gene function is changed by DNA methylation; however, its genetic
code does not change. Our study hypothesized that a post-transcriptional change in
DNA occurs due to exposure to BPA. These changes then cause regulation of
microRNA and gene expression. To identify these successional regulations, we conducted microarray-based methylation, miRNA, and gene expression assays. For validation, also we conducted bisulfite sequencing, quantitative real-time PCR,
miRNA inhibitor assay, and Western blotting. We found 1,751 hypo-methylation
changed regions, and several microRNA had included methylated-regions. miR-22
was also hypomethylated (chr17:1563947-1564031) by BPA-exposure, and expression of miR-22 was up-regulated in an miRNA array and real-time PCR. miR-22
has been reported to inhibit estrogen signaling by direct targeting of the estrogen
receptor alpha mRNA. Taking notice of this point, we analyzed gene expression
profiles that included its predicted targets. In the present study, we found the cause
of hypomethylation of miR-22 and negative regulation of its apoptosis-related target gene expression by BPA-exposure. These results suggests that BPA can alter sequential genomic appearances in HepG2 cells, a potentially affection of BPA toxicity. Also, the results of our study support that toxicology study need to integrated
analysis of array-based assays for help in understanding of the molecular action of
environmental toxicants.
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EFFECTS OF FUMONISIN B1 ON DNA METHYLATION
CHANGES IN RAT CELL CULTURES.

S. Ozden, G. Demirel and B. Alpertunga. Department of Pharmaceutical
Toxicology, Istanbul University, Faculty of Pharmacy, Istanbul, Turkey.
Fumonisin B1 (FB1) is a mycotoxin produced by the fungus Fusarium verticillioides, which commonly infects corn and other agricultural products. The mechanisms underlying FB1 cytotoxicity and genotoxicity were still unclear. Therefore,
epigenetic alterations may play an important role in the mechanism of FB1 toxicity.
There is an increasing evidence to suggest that altered expression of tumor suppressor genes and oncogenes, which is regulated in part at the level of DNA methylation, is important event involved in epigenetic carcinogenesis. The aim of this study
was to investigate the dose-related effects of FB1 (0, 1, 5, 10, 25, 50 μM) on cell viability and DNA methylation of rat liver (Clone 9) and kidney (NRK-52E) epithelial cells after 24 h incubation. Cell vialbility were examined by measuring the activities of lactate dehydrogenase and mitochondrial succinate dehydrogenase. No
significant dose-related effects on global DNA methylation were observed in both
of cell lines compared to controls by using HPLC with UV-DAD. Some methylation changes was detected in promoter regions of e-cadherin in both of cell lines,
while p16 gene was methylated in only NRK-52E cells by using methylation-specific polymerase chain reaction (MSP) following bisulfite conversion. However, for

the other investigated genes VHL and c-myc were partially methylated in the promoter regions of genes, while no methylation changes was detected in the promoter
regions of p15 gene by MSP. In summary, results from this study suggest that DNA
methylation as an epigenetic mechanism may play an important role in the mechanism of FB1 toxicity. Further studies (in vivo) and other methods might provide
more detailed information for the evaluation of epigenetic alterations on FB1 toxicity.

1250

DIET-MODULATED DNA METHYLATION PROFILING
IN A HUMAN T-CELL ACUTE LYMPHOBLASTIC
LEUKEMIA (T-ALL) CELL LINE: IMPLICATIONS FOR
CHEMOPREVENTIVE STRATEGIES.

P. Kaur1, 3, L. E. Shorey1, 3, E. Ho2, 3, R. H. Dashwood1, 3 and D. E. Williams1, 3.
1Environment and Molecular Toxicology, Oregon State University, Corvallis, OR,
2Nutrition and Exercise Sciences, Oregon State University, Corvallis, OR and 3The
Linus Pauling Institute, Oregon State University, Corvallis, OR.
Cruciferous vegetables, containing many bioactive food components such as indole-3-carbinol (I3C), sulforaphane (SFN) and 3,3’-diindolylmethane (DIM),
have been studied extensively as cancer chemopreventive agents for reduction of
lung, colon, breast and skin cancer. Transplacental exposure to polycyclic aromatic
hydrocarbons (PAHs) is a risk factor for childhood and adult chronic diseases, including cancer and the mechanism(s) may be due to alterations in the fetal
epigenome. Utilizing a dibenzo(def,p)chrysene (DBC) transplacental mouse cancer
model, we have shown that maternal consumption of I3C during pregnancy and
lactation markedly decreased offspring mortality due to an aggressive T-cell lymphoma. However, the mechanism by which I3C confers this cancer protection to
the fetus is unknown. To test the hypothesis that this protection is mediated
through epigenetic mechanisms, we evaluated effects of I3C, DIM and SFN on
DNA methyltransferase (DNMT) expression in a human T-cell acute lymphoblastic leukemia (T-ALL) cell line. DNMT expression, especially DNMT1 and
DNMT3b, was significantly decreased in DIM- and SFN-treated T-ALL cells, and
also by I3C (did not reach statistical significance). We characterized a wide panel of
cancer-related gene promoters using Nimblegen DNA methylation microarrays
and identified diet-modulated methylation signatures by I3C and DIM in T-ALL.
In general, the human T-ALL cells were in a state of hypermethylation; following
treatment with DIM and I3C there was a shift toward hypomethylation in genes
involved in signaling pathways known to be important in leukemia and lymphoma.
The findings of this study will open new avenues with respect to dietary agents and
their impact on the epigenome and for novel epigenetic approaches to cancer prevention and therapy.
Supported by NIH grant P01 CA90890.
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DNA METHYLATION AND PERSISTENT ORGANIC
POLLUTANTS (POPS) IN SYSTEMIC LUPUS
ERYTHEMATOSUS.

K. L. French, G. S. Gilkeson and D. L. Kamen. Division of Rheumatology,
Department of Medicine, Medical University of South Carolina, Charleston, SC.
Sponsor: D. Keil.
Hypomethylation (reduced 5-methylcytosine or 5-mC) has been observed in
Systemic Lupus Erythematosus (SLE), and it is known that demethylating agents
can cause a reversible lupus-like syndrome in humans. In addition, separate studies
have demonstrated inverse correlations between exposure to certain persistent organic pollutants (POPs) and 5-meC levels. We hypothesized that the SLE in Gullah
Health (SLEIGH) cohort would exhibit hypomethylation in SLE patients and that
5-meC would be influenced by exposure to POPs that are known to be present in
the SLEIGH geographic area. Whole blood and serum were collected from subjects
at the same study visit, and DNA was purified from PBMCs from whole blood
samples. Serum was analyzed for several species of PFAAs and PBDEs via HPLC,
and 5-meC was quantified using commercial ELISA-like kits with an antibody specific for 5-meC. Total 5-meC (0.67% of DNA, range 0.3-1.4%) was detected in
PBMCs of all subjects (n=90); however there were no differences in 5-meC mean
levels between patients and controls. In addition, there was no evidence of hypomethylation based on antinuclear antibody (ANA) status, nor did 5-meC levels
differ based on ANA status for patients or controls. We did observe decreased levels
of 5-meC (20%) in female (n=80) compared to male (n=10) subjects. POPs were
analyzed in 12 subjects. PBDE exposure did not correlate to total 5-meC levels for
any of the species tested. Conversely, PFNA and PFDA showed positive correlations to 5-meC levels, and PFUnDA showed a trend towards a positive correlation
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(p=0.058), indicating that exposure to these POPs likely does not result in hypomethylation. Ongoing work includes POPs analysis from more subjects and will
determine the impact of these compounds on methylation status of genes specifically related to SLE.
Funding: South Carolina Clinical & Translational Research (SCTR) Institute,
NIH/NCRR UL1 RR029882, NIH/NIAMS T32 AR050958 (GG) and
NIH/NIEHS R21 ES017934 (DK).

1252

EFFECT OF PRENATAL EXPOSURE TO
DIETHYLSTILBESTROL (DES) ON MICRORNA
PROFILE IN THYMOCYTES.

M. Nagarkatti, N. P. Singh, U. Singh and P. Nagarkatti. Pathology, Microbiology,
and Immunology, University of South Carolina School of Medicine, Columbia, SC.
Micro RNAs (miRs) are small (19–22-nucleotide) noncoding RNAs that account
for 1% of the genome and play a critical role in various cellular processes. They are
post-transcriptional regulators that bind to complementary sequences on target
messenger RNA transcripts. Prenatal exposure to diethylstilbestrol (DES) is known
to cause altered immune functions and increased susceptibility to autoimmune disease in humans. Also, experimental studies indicated that prenatal exposure to DES
causes alterations in T cell differentiation in the thymus. In the current study, therefore, we investigated the effects of prenatal exposure to DES on miR profile in thymocytes and examined their role in causing immune dysfunction in neonatal mice.
Of the 610 miRs examined by performing high-throughput miR arrays with thymocytes on postantal day 18 (GD18) of C57BL/6 mice exposed to DES, we observed more than 60 miRs that were up- or down-regulated (>1.5-fold) when compared to vehicle treated group. Upon further analyses, we observed that
DES-mediated changes in miR expression may be involved in important functions
such as apoptosis, toxicity, and cancer. Some of the miRs such as miR-18a, -18b, 23a, -23b, -98, -146a, -146b, -677 were downregulated in DES-exposed fetal
thymi when compared to controls. We selected miR-18b and miR-23a for further
analysis as they possess binding affinity for FasL and Fas 3’UTR regions respectively. We confirmed their expression in DES-treated thymuses by performing RealTime PCR. Our studies demonstrated significant blocking of FasL or Fas expression in the presence of miR-18b and miR-23a respectively and the effects of these
were reversed in the presence of DES. Together, these data demonstrate that prenatal exposure to DES can cause alterations in thymocyte differentiation through dysregulation in miR leading to altered gene expression (Supported in part by NIH
grants P01AT003961, R01AT006888, R01ES019313, R01MH094755).
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METHIONINE SUPPLEMENTATION OR RESTRICTION
HAS NO EFFECTS ON LIPOPEROXIDATION BUT ITS
RESTRICTION REDUCES DNA DAMAGE IN MICE
LIVER.

T. Gomes1, A. F. Aissa2, F. Ribeiro1, J. Darin1, D. Oliveira1, M. P. Bianchi1 and
L. T. Antunes1. 1Faculty of Pharmaceutical Sciences of Ribeirão Preto, University of
São Paulo, Ribeirão Preto, Brazil and 2Faculty of Medicine of Ribeirão Preto,
University of São Paulo, Ribeirão Preto, Brazil.
Methionine (Met) is an amino acid present in diet and metabolized by liver. It is required for protein synthesis and as methyl donor in the DNA methylation process,
especially during pregnancy. Its metabolization product, homocysteine (HCY),
might interfere with reactive oxygen species (ROS) production and consequently
the lipoperoxidation induction by evaluating the thiobarbituric acid reactive substances (TBARS). These TBARS can be genotoxic disturbing the genome stability.
The aim of this study was to evaluate the TBARS concentration and the DNA instability by Comet Assay (CA). Female Swiss mice were divided randomly into
three different diet groups: restricted (DL-Met absent), supplemented (2.0% DLMet) and control (0.3% DL-Met). The diets were administered during 10 weeks
including the gestation and lactation periods, ad libitum. Then, the mice were euthanized and the liver was collected to carry out the CA and TBARS test. The CA
parameter used was the % tail DNA (Cometscore® software) in 100 nucleoids per
animal. The TBARS levels indicated no differences among groups, demonstrating
there was no significant lipoperoxidation. In other words, it is possible that the Met
content did not compromise the hepatocytes citoplasmatic membrane significantly.
The DNA damage analysis showed no differences between control and supplemented groups. On the other hand, a significant reduction was observed in the restricted group. Due to the absence of difference among groups in TBARS test, the
reduction in DNA damage might be a response of low ROS levels within the hepatocytes induced or not by HCY, as reported by others studies. Further experiments
have been carried out to evaluate how Met can affect liver function and to elucidate
potential effects of Met diets. Supported: CAPES and FAPESP.
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ARSENIC-INDUCED MALIGNANT TRANSFORMATION
CONTRIBUTES TO LONG-RANGE EPIGENETIC
SILENCING THROUGH DNA METHYLATION.

P. Severson1, E. J. Tokar2, M. P. Waalkes2 and B. W. Futscher1, 3. 1Pharmacology
and Toxicology, University of Arizona, Tucson, AZ, 2National Toxicology Program
Laboratory, National Institute of Environmental Health Sciences, Research Triangle
Park, NC and 3Arizona Cancer Center, University of Arizona, Tucson, AZ.
Long-term exposure to arsenicals can induce malignant transformation of immortalized urothelial and prostate epithelial cells which is accompanied by widespread
DNA methylation changes. Epigenetic dysfunction is known to play an important
role in the genesis of all cancers and recent studies have discovered large regions of
the epigenome that undergo long range epigenetic silencing (LRES). Our aim is to
determine whether long-term arsenical exposure contributes to LRES by altering
the DNA methylation profile. To this end, we compared immortalized urothelial
and prostate epithelial cells to their arsenic transformed counterparts using methylDNA immunoprecipitations coupled to human promoter microarrays. In the arsenic transformed prostate epithelial cell line, 12.5kb of DNA within the protocadherin cluster is hypermethylated. This is consistent with previous reports of LRES
at the protocadherin cluster in Wilms’ tumors and breast cancers. Additional genes
such as EN1 and HOXD11 are also within known regions of LRES and become
hypermethylated in the malignant prostate cells. Arsenic transformed urothelial
cells also display DNA hypermethylation in the HOXD cluster, which contains
~7kb of hypermethylated DNA. These data indicate that chronic arsenic exposure
contributes to LRES during malignant transformation through DNA hypermethylation and suggests that silencing these gene clusters may play an important role in
malignant transformation.

1255

ALTERATIONS OF GENE METHYLATION IN THE
LIVERS OF RATS AND MICE CHRONICALLY EXPOSED
TO LOW-DOSE CADMIUM.

B. Wang1, 2, 3, Y. Li1, T. Yi3 and L. Cai3. 1Department of Pathophysiology, Jilin
University, Changchun, Jilin, China, 2Department of Pathology, Inner Mongolia
Forestry General Hospital, Hulunbeier, China and 3Department of Pediatrics,
University of Louisville School of Medicine, Louisville, KY.
Cadmium (Cd) has been classified as a human carcinogen probably associated with
epigenetic changes. DNA methylation is one of several epigenetic mechanisms by
which cells control gene expression. Therefore, the present study was designed to
aim at genome-wide screening of the altered methylation genes in the livers of rats
chronically exposed to low-dose Cd. Rats were exposed to Cd at 20 nmol/kg every
other day for 4 weeks and gene methylation was analyzed at the 52nd week with
methylated DNA immunoprecipitation-CpG island (CGI) microarray. Among the
1629 altered gene promoter CGIs 675 gene CGI methylation levels were up-regulated, 899 gene CGI methylation levels were down-regulated, and 55 gene CGI
methylation levels partially up-regulated or down-regulated. We performed comprehensive comparative bioinformatics analysis of microarray datas in Cd treated
and control group. Changes in gene methylation with Cd revealed that 25 Gene
Ontology terms (GO) were up-regulated and 35 GOs were down-regulated; 6
pathways were up-regulated and 22 pathways were down-regulated. Furthermore,
up-regulated CGI methylation of caspase-8 gene was confirmed in Cd treated mice
by quantitative real-time PCR. To link the increased CGI methylation of caspase-8
promoter to the pathological changes induced by previous exposure to chronic Cd,
mice were given chronic exposure of Cd with and without methylation inhibitor
(5-aza-2’-deoxyctidene) for 6 weeks and at the 60th week caspase-8 promoter CGI
methylation was examined. Results showed that livers of mice previously exposed to
chronic Cd displayed an increased caspase-8 CGI methylation along with the decreased cell death and increased cell proliferation, which was prevented by 5-aza
treatment. These results suggest that DNA methylation of caspase-8 gene promoter
down-regulated its activity, leading to a reduction of hepatic apoptosis, and may be
a potential cause of Cd-induced hepatic cancer.

1256

MECP2 EXPRESSION IN DIFFERENTIATING P19
MOUSE EMBRYOCARCINOMA AND HUMAN
GLIOBLASTOMA NEUROSPHERE CELLS.

J. B. Coulter1, 3, C. M. O’Driscoll1, 3, J. J. Laterra2, 3, W. E. Kaufmann2, 3 and J.
P. Bressler1, 3. 1Environmental Health Sciences, Johns Hopkins University Bloomberg
School of Public Health, Baltimore, MD, 2Johns Hopkins University School of
Medicine, Baltimore, MD and 3Hugo Moser Research Institute at Kennedy Krieger,
Baltimore, MD.
Aberrant epigenetic regulation is being investigated as a possible mechanism by
which stem and progenitor cells undergo neoplastic progression. Stem and progenitor cells are more sensitive targets for carcinogens and, consequently, changes in

the stem cell population would be expected to be a risk factor for carcinogenesis. An
epigenetic mechanism affecting differentiation of astrocytes and neurons involves
methyl DNA binding protein 2 (MeCP2), which is highly expressed in the brain
and is known to mediate methylation-dependent gene silencing. We are using two
models of stem cells to investigate the role of MeCP2 in differentiation: (1) P19
mouse embryocarcinoma cells, which have the potential to differentiate into neurons, cardiomyocytes, and trophoblasts and (2) human glioblastoma (GBM)–derived cancer stem cells, which display high capacity for tumor propagation in mice
and the potential to differentiate into neuronal and glial cells. MeCP2 levels progressively increase in P19 cells that are induced to undergo differentiation with
retinoic acid. The appearance of MeCP2 first occurs when the dendritic protein
Map2c appears and progressively increases at later stages of differentiation when the
synaptic protein synaptophysin is observed. In P19 and GBM cells, the major
MeCP2 protein is in the cytosol at 105 kDa where in maturing neurons MeCP2 is
in the nucleus with a molecular mass of 75 kDa. In GBM -derived cancer stem
cells, differentiation resulted in increased levels of MeCP2 in the nucleus but no
change in total levels of MeCP2 protein or MeCP2 mRNA. Furthermore, levels of
two MeCP2 targets, glutaminase and inhibitor of DNA-binding 1, decreased in
differentiating cells. Further studies are directed to understanding the involvement
of MeCP2 in differentiation and regulation of genes involved in stem cell differentiation and tumor formation.

1257

REPEAT-DRIVEN METASTABILITY OF DNA
METHYLATION IN RESPONSE TO ENVIRONMENTAL
EXPOSURES.

C. Faulk, A. K. Barks, O. S. Anderson and D. C. Dolinoy. Environmental Health
Sciences, University of Michigan, Ann Arbor, MI.
Select retrotransposons in the long terminal repeat (LTR) class exhibit environmental sensitivity in DNA methylation status, resulting in variable expressivity of
nearby genes. In the agouti viable yellow (Avy) mouse, a recently inserted LTR, an
intracisternal A particle (IAP) element, displays interindividual variation in methylation, resulting in genetically identical individuals with varying coat color and obesity phenotypes. Further, the distribution of these phenotypes is sensitive to both
environmental and stochastic change. A locus such as the Avy allele with variable
gene expression due to inconsistent DNA methylation without alterations in the
underlying DNA sequence is termed a “metastable epiallele.” Using a computational approach within the mouse genome, we identified 12,000 IAP LTRs and filtered by subtype to yield 1,453 IAP LTRs of the most active class. Within these,
116 were phylogenetically similar to Avy and from this set, 19 loci were randomly
chosen for verification, of which 6 amplified and 2 showed stochastic metastability.
To validate our candidate IAP LTRs for environmental metastability, we assayed
N=26 isogenic a/a mice (11 males and 15 females) exposed in utero to either
bisphenol A (BPA) in the diet (50 mg/kg and 50 ug/kg) or lead (Pb) in drinking
water (2.1 ppm and 32 ppm) for shifts in tail DNA methylation patterns. Thus,
through the combination of computational methods and experimental verification,
we increase the number of known epigenetically modifiable loci and provide evidence of their environmental lability. Since repetitive elements comprise 46% and
39% of the human and mouse genomes, respectively, and must be repressed, they
are likely targets for toxicological disruption, especially during early development.
The characterization of repeat driven metastable epialleles in mice, the most widely
used animal model, is crucial for the discovery of parallel metastable epialleles in
humans as well as the development of strategies for the prevention and treatment of
human disease.

1258

AGE AND SEX DIFFERENCES IN LIVER MIRNA
EXPRESSION DURING THE RAT LIFE CYCLE.

J. C. Kwekel, V. G. Desai, T. Han, W. S. Branham, C. L. Moland and J. C.
Fuscoe. Systems Biology/Center for Functional Genomics, US FDA National Center
for Toxicological Research, Jefferson, AR.
Increasing evidence for epigenetic regulatory mechanisms of gene regulation has fueled interest in the role of miRNAs in toxicogenomics and biomarker discovery.
While relatively immature in comparison to other genomic resources, the growing
knowledge base of individual miRNAs and their putative gene targets allows for
large scale inquiry into more comprehensive, genome-wide analysis of miRNA expression. Liver tissues in the F-344 rat model system were examined over the life
cycle for the purpose of evaluating miRNAs with putative roles in drug metabolism
and liver disease. Hepatic miRNA expression was characterized at 2, 5, 6, 8, 15, 21,
52, 78, and 104 weeks of age in both sexes using Agilent 8x15k rat miRNA microarrays containing multiple probes for 677 unique miRNAs. Five animals per sex
and age were used for a total of 90 samples. Agilent’s Feature Extraction software
was used to perform initial analysis and processing of the raw data and 199
miRNAs were found to be expressed at least one age and sex. Fifty-seven of the expressed miRNAs (28%) exhibited predominant levels of expression early in the life
cycle at 2 weeks of age followed by low or no expression at subsequent ages. Among

these early expressed miRNAs was miR-335 which has been shown to play a role in
hepatic stellate cell activation during hepatic fibrosis. Furthermore miR-34a, which
is known to target SIRT1 in humans, a key regulator of various metabolic diseases,
exhibits age-specific increases in expression beginning at 52 weeks of age (t-test, p <
0.05). Sex-differences in miR-378 expression were evident at 52 and 78 weeks of
age (F > M). miR-378 has been shown to directly regulate CYP2E1 in humans, a
key Phase I drug metabolizing enzyme. Collectively, these results comprise one of
the first large-scale characterizations of global miRNAs in the liver over the entire
rat life cycle and show age and sex-related differences that may impact drug metabolism and liver disease.

1259

EFFECTS OF INSULIN-LIKE GROWTH FACTOR-2
(IGF2) LOSS OF IMPRINTING IN AGING MURINE
PROSTATE TISSUES.

S. Bhusari1, B. Yang1 and D. Jarrard1, 2. 1Urology, University of Wisconsin-Madison,
Madison, WI and 2Environmental and Molecular Toxicology, University of WisconsinMadison, Madison, WI.
Loss of imprinting (LOI) is an epigenetic alteration involving loss of parental origin-specific expression at normally imprinted genes. A LOI for Igf2, a paracrine
growth factor, has been implicated in the development of prostate and other cancers. In the current study, we utilized epigenetic mice model of Igf2 LOI to study
the effects of LOI and chronic Igf2 overexpression in aging murine prostate. We
utilized mouse model of Igf2 LOI (*142) in which three of the four CTCF target
sites within H19 imprint control region were mutated. For Igf2 LOI analyses in
*142 mice prostates, male mice homozygous for M. castaneus alleles (H19-p57)
were bred with female *142 mutant heterozygous mice. Igf2 LOI in male mice was
analyzed using Flourescent primer extension assay at maturity and expression analyzed using QPCR. Igf2 LOI mice were aged to 6, 12 and 18 months time points.
At maturity, Igf2 LOI mice had significantly higher body weights compared to imprinted mice (32.5 ± 0.53 vs. 26.2 ± 1.14g; Igf2 LOI, Igf2 imprinted resp, P =
0.005). Reexpression of silenced Igf2 allele was seen when *142 mutation was inherited from maternal parent. In wild-type mice with no *142 mutation, Igf2 imprinting was maintained in both ventral (VP) and dorso-lateral prostate (DLP).
Two-fold higher Igf2 expression was seen in VP, DLP tissues of LOI mice compared
to control mice prostate tissues. No histopathological changes seen in 6 and 12
month old LOI mice prostates. However, in 18m old Igf2 LOI mice, significant
histopathological changes were seen like prostatic hyperplasia and undifferentiated
phonotype. Igf2 LOI is also seen in aging human prostates and prostates with tumors. In the present study, we characterized the epigenetic mice model for Igf2 LOI
in prostate tissues. We show that chronic Igf2 overexpression due to LOI of Igf2 has
ability to cause undifferentiated phenotype, hyperplasia and speed up the carcinogenesis process in murine prostate.

1260

EPIGENETIC EFFECTS OF ENVIRONMENTAL
TOXICANTS IN MINORITY CHILDREN.

P. Yousefi, R. Aguilar, H. Quach, V. Volberg, A. Bradman, L. Barcellos, B.
Eskenazi and N. Holland. CERCH, SPH, University of California Berkeley,
Berkeley, CA. Sponsor: M. Poirier.
The CHAMACOS longitudinal birth cohort study investigates exposure to pesticides and other environmental pollutants and their effects on growth and neurodevelopment of children from low-income Mexican-American farmworker families in
California who were followed from birth to 9 years of age. We have found that prenatal exposures to several of these pollutants are associated with shortened gestation
and decreased IQ at age 7. Epigenetic changes, particularly DNA methylation, may
play a significant role in mediating the effects of environmental exposure on human
health and development. Global and site-specific DNA methylation was assessed in
254 newborn- and 9-year-old CHAMACOS children by Illumina Infinium
HumanMethylation450K BeadChips to simultaneously interrogate methylation at
485,577 CpG sites, and by pyrosequencing of Alu and LINE-1 repeats. We found
that global DNA methylation increased with age and differ by sex but the measures
were not correlated across the three assays. Analysis of Illumina data presents an opportunity to assess different parts of 24,275 genes across methylome. After adjusting for multiple testing by controlling for the False Discovery Rate, we observed
that approximately 15.5% of all investigated CpG sites, representing >15,000
genes, were differentially methylated between children at birth and 9 years of age.
More than 2% of CpG sites investigated in >1,900 genes showed significant differences in methylation by sex. As expected, most were located in sex chromosomes;
however, some 731 CpG sites with significant differences between girls and boys
were found in autosomes. Markers of DNA methylation were also associated with
prenatal exposure to persistent organic pollutants. Different patterns of methylation change were observed between shores, shelves, and CpG island regions.
Candidate genes and pathways involved in age and sex differentiation, and in response to early life exposures, have been identified for future analyses of their effects
on obesity and puberty. Supported by NIEHS and US EPA grants.
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SITE-SPECIFIC DNA METHYLATION AND OBESITY IN
MEXICAN-AMERICAN CHILDREN.

V. Volberg, R. Aguilar, P. Yousefi, V. Dave, C. Phan, K. Kogut, H. Quach, L.
Barcellos, K. Harley, B. Eskenazi and N. Holland. University of California
Berkeley, Richmond, CA. Sponsor: M. Poirier.
In the last 30 years there has been a sharp increase in obesity among children, and
minority populations are particularly vulnerable. Although etiology of obesity is
thought to be multifactorial with causes stemming from diet, environment, genetics and their interaction, no clear molecular pathways have been identified.
However, there is increasing evidence that epigenetic changes, specifically differential CpG methylation, play important roles in determining body weight and metabolic status. The goals of this study are to (1) characterize associations between sitespecific methylation and obesity in newborns and 9-year old children and (2)
determine whether methylation of the key adipogenic gene peroxisome proliferator-activated receptor gamma (PPARγ) is associated with child obesity and
adiponectin / leptin levels. Site-specific DNA methylation, interrogating 485,577
CpG sites, was assessed in 138 newborns and 9-year old CHAMACOS boys and
girls by Infinium Illumina 450K BeadChips. Adiponectin and leptin levels were
measured for a subset (n=105) of these 9-year old children. Preliminary results
showed negative associations between child adiponectin and triglycerides (β=-0.43,
P=0.01), very low-density lipoproteins (β=-0.08, P=0.01) and systolic blood pressure (β=-0.06, P=0.02), adjusting for child BMI z-score. Child leptin levels were
positively associated with systolic and diastolic blood pressure (P<0.01; P=0.07).
Further, we found that higher PPARγ methylation was directly associated with
higher adiponectin (β=15.4, p=0.01, n=53) and negatively associated with lower
leptin (β=-0.16, p=0.08, n=53), in girls. This research takes advantage of the samples and data from the ongoing longitudinal study of Mexican-American mothers
and children from Salinas Valley, CA (CHAMACOS). This population is amenable
to studying pathways of obesity as 53% of children are overweight or obese, improving power to examine effects of methylation on obesity and related metabolic
parameters and biomarkers. Supported by NIEHS and EPA grants.

1262

EPIGENETIC ALTERATION IN THE TESTICULAR
GENE EXPRESSION FOLLOWING IN UTERO
TRICLOSAN EXPOSURE.

K. Soma1, T. Kim1, A. Won1, Y. Shin1, B. Lee2, H. Kim3 and H. KIM1.
1College of Pharmacy, Pusan National University, BUSAN, Republic of Korea,
2College of Pharmacy, Sungkyunkwan University, Suwon, Republic of Korea and
3College of Medicine, Yonsei University, Seoul, Republic of Korea.
Transgenerational epigenetic modification is playing an important role in regulation of testicular development and spermatogenesis. Previous study has been indicated that several genes in the testes are regulated by epigenetic mechanisms on the
process of spermatogenesis. The current study investigates the direct effects of in
utero triclosan exposure on the testis of F1 mice. Pregnant BL6 mice were treated
with triclosan (0, 10 or 50 mg/kg/day) from 8 days before mating to gestation day
(GD) 17 and male pups were sacrificed at PND 42. In F1 mice, dose-dependent increase in sex ratio was observed at dose of 10 mg/kg triclosan compared to control.
However, and the ratio of anogenital distance (AGD) was significantly decreased in
both male and female F1 mice. Down-regulation of acetylated H3 and H4 and the
up-regulation of HDACs were observed in the testis and caudal epididymis of mice
treated with triclosan. Microarray analyses were performed to compare control and
triclosan treated testis transcriptomes. A total of 250 differentially expressed genes
(DEGs) were identified and the major cellular functions and pathways associated
with these altered transcripts were examined. The sets of regulated genes at the testis
were found to be protein metabolism, intracellular protein traffic, signal transduction and cell cycle. We measured the DNA methylation status in several genes and
Rrh and Cyp4f40 were hypermethylated in the promoter region. Triclosan may affect fertility via epigenetic modifications, but specific cellular pathway involved in
spermatogenesis is needed to understanding molecular mechanism of triclosan-induced male infertility.

1263

MOLECULAR MECHANISMS OF SILENCING AND
REACTIVATION OF LINE-1 RETROELEMENT BY
BENZO(A)PYRENE.

K. S. Ramos1, 2, D. E. Montoya-Durango1, 2 and I. Teneng1, 2. 1Biochemistry and
Molecular Biology, University of Louisville, Louisville, KY and 2James Graham Brown
Cancer Center, University of Louisville, Louisville, KY.
The mammalian genome is largely constituted by repetitive elements that play important roles in global control of chromatin structure and function. Long
Interspersed Nuclear Element-1 (LINE 1 or L1) is a retroelement that mobilizes
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within the mammalian genome via a copy and paste mechanism involving RNA intermediates and self-encoded reverse transcriptase activity. We recently reported
that the retinoblastoma (Rb) family of proteins regulates the epigenetic landscape
around the L1 promoter by stabilizing histone methylation marks and recruiting
protein complexes with histone modifying activities. Although the complex transcriptional control mechanisms of L1 are not yet well understood, L1 reactivation
has been described in several human cancers and following exposure of human or
murine cells to benzo(a)pyrene (BaP), an environmental carcinogen. Here we investigated the epigenetic mechanisms involved in L1 silencing and reactivation of
mouse and human cells. Using real time PCR we found that BaP challenge of Rb
family-null mouse embryo fibroblasts (TKO MEFs) exhibited a markedly exacerbated reactivation of L1 message compared to wild type counterparts. Chromatin
immunoprecipitation in MCF-7 and HeLa cells using antisera against the pRB-interacting protein complexes showed recruitment of proteins involved in the formation of multiple corepressor complexes to the human L1 promoter. Live cell cycle
sorting coupled to L1 mRNA quantification showed that retroelement expression
varies as a function of cell division cycle. On the basis of these data we conclude
that the presence of Rb proteins is essential for maintaining L1 epigenetic silencing,
and likely this process requires assembly of repressor complexes. These modifications ultimately establish the long-term silencing effect that is lost during the course
of environmentally-mediated human and animal disease.

1264

AEROSOLIZATION, FATE, AND PULMONARY
TOXICITY OF MESOPOROUS SILICA NANOCAGES.

X. T. Li1, M. Xue2, J. Evans1, F. Hayes1, J. Zink2, S. Risbud1 and K. E.
Pinkerton1. 1University of California Davis, Davis, CA and 2University of California
Los Angeles, Los Angeles, CA.
Background: Lung cancer is the leading cause of cancer-related deaths worldwide.
Many toxic cancer therapeutic drugs are non-specific and damage healthy cells.
Nano carriers offer the potential for targeted drug delivery. Functionalized mesoporous silica nanocages (F-MSiN) have internal pores that can store drugs and possess surface modifications to assist in unloading drugs at specific sites. Inhalation allows for direct delivery to the lungs without encountering liver metabolism,
systemic dilution, or gastrointestinal proteolytic cleavage experienced in intravenous and oral delivery. However, the effectiveness and safety of F-MSiN in an inhalation model has not been extensively studied. Objective: To use aerosolization of
F-MSiN in suspension to deliver, detect, and assess toxicity of F-MSiN to the respiratory system. Methods: F-MSiN (50 nm, polyethylene glycol—polyethyleneimine
copolymer, fluorescently tagged) were dispersed in nanopure water. Aerosolization
was achieved through a micro-droplet nebulizer administered through a nose-only
port system to mice for 5 hours. Fluorescent microscopy, SEM, EDS, and TEM
analysis of cascade impactors and electrostatic precipitator samples characterized
aerosol size distribution. Animals were necropsied 1-day and 8-days post exposure;
bronchoalveolar lavage fluid (BALF) was collected for fluorescent imaging, cell
counts and cell differentials to assess pulmonary inflammation. Results: Aerosolized
F-MSiN sizes ranged from 50 nm to 2 μm, appropriate for lung deposition. FMSiN was found in BALF alveolar macrophages (500-900 nm) at 1 and 8 days.
BALF demonstrated no influx of neutrophils or eosinophils. Conclusions: Not only
can F-MSiN be effectively aerosolized using a standard nebulizer system, but the
process also creates completely respirable particles that reach the entire respiratory
tract with no detected toxicity. These findings suggest that inhalation delivery of FMSiN has the potential to be used as drug carriers to directly deposit hydrophobic
and even toxic drugs to their targeted sites for respiratory diseases.
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PHENOTYPIC ANCHORING OF SUBCHRONIC
CARBON NANOTUBE AND ASBESTOS EXPOSURE TO
SMALL AIRWAY EPITHELIAL CELLS: LINKING
TOXICOGENOMIC AND NEOPLASTIC
TRANSFORMATION RESPONSES.

T. A. Stueckle1, A. Mishra1, R. Derk1, T. Meighan1, V. Castranova1, Y.
Rojanasakul2 and L. Wang1. 1HELD/PPRB, National Institute for Occupational
Safety and Health, Morgantown, WV and 2Basic Pharmaceutical Sciences, West
Virginia University, Morgantown, WV.
Recent studies reported that inhaled carbon nanotube (CNT) exposure results in
elevated risk for rapid interstitial fibrosis and persistence within exposed tissues. To
our knowledge, no study has yet evaluated long-term human health risks associated
with chronic pulmonary CNT exposures compared to asbestos, a known lung carcinogen with similar shape. To address this knowledge gap, we conducted subchronic in vitro exposures of dispersed single-walled CNT (D-SWCNT), multiwalled CNT (D-MWCNT) and crocidolite asbestos (ASB) to human small airway
epithelial cells (SAEC). Ultrafine carbon black (D-UFCB) and dispersant-only exposed cells (DISP) served as negative controls. SAEC were exposed for 25 weeks to
0.02 μg/cm2 and evaluated for cancer cell phenotype. Next, mRNA samples were

subjected to whole genome microarray and rtPCR analyses for toxicogenomic evaluation. Differentially expressed genes were uploaded to Ingenuity Pathway Analysis
to identify novel mechanisms promoting neoplastic transformation. Both DSWCNT and D-MWCNT-treated cells exhibited increased proliferation, invasion,
anchorage-independent cell growth and angiogenesis compared to other treatments. Hierarchical cluster analysis revealed that D-SWCNT and D-MWCNT
cells shared the most similar genome expression profile while ASB, D-UFCB and
DISP cells expressed dissimilar genome profiles. Both D-SWCNT and DMWCNT cells expressed significant changes in genes associated with cell death,
movement, proliferation and cancer. Top ranked pathway along with western blot
analyses identified several altered signaling pathways and transcription factors associated with oncogenesis. Phenotypic anchoring of toxicogenomic response to neoplastic cell transformation following in vitro subchronic nanomaterial exposure can
potentially serve to identify novel mechanisms of action and provide human health
risk assessment data.
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MAGNETITE NANOPARTICLES FUNCTIONALIZED
WITH ALPHA TOCOPHERYL SUCCINATE:
CYTOTOXICITY AND ANTITUMOR EFFECT IN
BREAST CANCER CELLS.

A. Angulo Molina3, 1, 2, J. Reyes Leyva2, J. Hernández3, T. Palacios1, M. Mendez
Rojas1, M. Cerro López1 and O. Olivero4. 1Químico Biológicas-Nutrición,
Universidad de las Américas Puebla, Puebla, Puebla, Mexico, 2Centro de
Investigaciones Biomédicas de oriente CIBIOR, IMSS, Metepec, Puebla, Mexico,
3Nutrición, CIAD, Hermosillo, Sonora, Mexico and 4Laboratory of Cancer Biology
and Genetics, National Cancer Institute, Bethesda, MD.
BACKGROUND: Magnetite nanoparticles can be used to enhance and improve
the efficiency in anticancer drug delivery. Herein we report the effect of magnetite
nanoparticles functionalized with Alpha tocopheryl succinate (alpha-TOS), the
most effective form of vitamin E in inducing apoptosis in cancer cells. PURPOSES:
To investigate the cytotoxicity and antitumor effect magnetite nanoparticles functionalized with Alpha -TOS. MATERIALS AND METHOS: Magnetite nanoparticles were prepared by a coprecipitation method and functionalized with alphaTOS. The particle size was analyzed by SEM. Then two different human breast
cancer cell lines (MDA MB231 and T47D) were treated with the various concentrations. Its effects on cytotoxicity, cell proliferation, and apoptosis were evaluated
using confocal microscopy. RESULTS: We found magnetite nanoparticles coupled
to alpha-TOS is more cytotoxic and effective that alpha- TOS alone and inhibits
the growth of breast cancer cell at lower doses. We also observed dramatic changes
in morphology in treated cells associated to apoptosis and more cellular uptake of
the nanoparticles functionalized with alpha-TOS. Conclusion: In this study we
found that magnetite nanoparticles when is functionalized with alpha-TOS enhances the anti-tumor effect in breast cancer cells. We propose that addition of
magnetite nanoparticles to alpha-TOS may be considered for cancer therapy.
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DIFFERENTIAL GENE EXPRESSION CHANGES IN
TWO HUMAN HEPATOCYTE MODEL SYSTEMS TO
QUANTUM DOT EXPOSURE.

W. E. Smith1, Z. Afsharinejad1, X. Hu2, X. Gao2, D. L. Eaton1 and T. J.
Kavanagh1. 1Department of Environmental and Occupational Health Sciences,
University of Washington, Seattle, WA and 2Department of Bioengineering, University
of Washington, Seattle, WA.
Quantum dots (Qdots) are a class of engineered nanoparticle (ENP) that hold
promise in advancing cancer diagnostic and therapeutic modalities, and thus require preclinical safety assessment. The core structure of semiconductor Qdots is
composed of potentially toxic heavy metals (Hg, Pb, Cd). A variety of surface coatings have been employed to improve biocompatibility. We have tested the response
of Qdots coated with poly(maleic anhydride-alt-1-tetradecene), tri-n-octylphosphineoxide (PMAT-TOPO) in two culture systems, primary human hepatocytes and
human hepatoma-derived HepG2 cells, utilized to represent the human liver. We
have previously shown that this coating protects hepatocytes from acute toxicity,
however, the effects of Qdots on these in vitro models have not been fully characterized. Primary hepatocyte and HepG2 cultures were treated with 2.5 to 40nM
PMAT-TOPO Qdots for 24 hrs. Gene expression changes from 4 candidate genes
of cellular stress and pro-inflammatory signaling were measured by qRT-PCR in
both cells types. HepG2 cells show minimal response in gene expression changes
with MT1A (15-fold) being the only change. On the contrary, PHH cultures show
a much more robust response with a 3-fold increase in HMOX1, 15-fold increase in
MT1A. Pro-inflammatory signaling genes also had a robust response with a 5-fold

increase of CXCL8 and CCL3, and 20-fold increase in IL1β with only minimal
changes in TNFα. These results illustrate that PMAT-TOPO-coated Qdots elicit a
TNFα-independent pro-inflammatory response in PHH cultures but no response
in HepG2 cells, suggesting primary human hepatocytes may be a more appropriate
model than immortalized cell lines for nanoparticle exposure studies.
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DISTRIBUTION, BIOPERSISTENCE, AND EFFECTS OF
A SYSTEMICALLY-INTRODUCED LOW-ASPECT RATIO
CERIA ENGINEERED NANOMATERIAL IN RATS.

R. A. Yokel1, 2, H. Haghnazar1, S. S. Hardas3, A. M. Swomley3, D. Butterfield3,
4, R. Sultana3, M. T. Tseng5, J. M. Unrine6, P. Wu7 and E. A. Grulke7.
1Pharmacology Science, University of Kentucky, Lexington, KY, 2Graduate Center for
Toxicology, University of Kentucky, Lexington, KY, 3Department of Chemistry,
University of Kentucky, Lexington, KY, 4Center for Membrane Science, University of
Kentucky, Lexington, KY, 5Anatomical Science & Neurobiology, University of
Louisville, Louisville, KY, 6Plant & Soil Science, University of Kentucky, Lexington,
KY and 7Chemical & Materials Engineering, University of Kentucky, Lexington, KY.
Background: Nanoscale ceria is used as a diesel fuel additive and in chemico-mechanical planarization and is being developed as an antioxidant therapeutic agent.
Objectives: To determine the influence of shape, specifically a low-aspect ratio (rodlike) form, of an inert metal oxide engineered nanomaterial (ENM) on its distribution, biopersistence, and effects after a single systemic administration to rats, compared to polyhedral 5 to 55 nm ceria. Methods: An aqueous dispersion of
citrate-stabilized ceria ENM rods (~ 10 nm diameter, 40 to 650 nm long), synthesized and characterized in-house, was infused intravenously into rats (50 mg/kg),
terminated 1 hour or 30 days later. Control rats received vehicle. At termination, 6
organs were weighed and samples collected from multiple sites and blood for
cerium determination by ICP-MS, oxidative stress endpoints, and histology.
Results: The low-aspect-ratio ceria ENM was not acutely toxic and did not produce
mortality. Its initial distribution was similar to 15 to 30 nm polyhedral ceria,
whereas at 30 days less was in the liver, skeletal system, and bone marrow. Less of
the dose could be accounted for, suggesting more clearance than polyhedral ceria,
which are not significantly cleared up to 90 days. Spleen weight was significantly
increased at 30 days. Hepatic granulomas were fewer and smaller than after 15 and
30 nm polyhedral ceria. Protein carbonyls in the hippocampus were significantly
decreased at 1 h and significantly increased at 30 days. Conclusions: Other than its
more limited distribution and apparent more rapid clearance from the rat, this lowaspect-ratio ceria ENM produced effects qualitatively similar to those seen with 5
to 55 nm polyhedral ceria ENM. Support: US EPA STAR Grant RD-833772.
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SUBTOXIC TIO2-NP PREDISPOSES TO DECREASE
THE MITOCHONDRIAL FUNCTION IN LUNG TISSUE
AND CYTOSKELETON DISRUPTION IN ALVEOLAR
EPITHELIAL CELLS.

I. M. Urrutia Ortega1, Z. Ji2, N. L. Delgado-Buenrostro1, T. Cabellos-Avelar1,
E. B. Gutierrez-Cirlos1 and Y. I. Chirino1. 1Universidad Nacional Autonoma de
Mexico, Estado de Mexico, Mexico and 2California NanoSystems Institute, University
of California Los Angeles, Los Angeles, CA.
Titanium dioxide nanoparticles (TiO2-NPs) are used in an increasing number of
human products such as cosmetics, sunscreen, toothpaste and paints. The susceptibility to develop further damage after TiO2 NPs exposure has been less investigated
the exposure. However, the harmful effects associated with TiO2-NPs exposure are
not completely described, but it has been demonstrated that reactive oxygen species
derived from mitochondria are involved in cytotoxic effects.
The aim of this work was to test if a sub-toxic TiO2-NPs (5 μg/mg protein) concentration was able to enhance further mitochondrial damage induced by hydrogen
peroxide (H2O2, 5 μM), which is a common molecule released during inflammation, in mitochondria isolated from lung tissue. In addition, we hypothesized that
mitochondrial dysfunction induced by sub-toxic TiO2 NPs exposure, could impact
in cytoskeleton organization and to test this hypothesis, alveolar epithelial cells were
exposed to sub-toxic TiO2-NPs (5μg/cm2) and challenged with sub-toxic H2O2
exposure. Our results showed the following parameters for TiO2 NPs characterization zeta potential=-10.6±2.4, hydrodynamic diameter=783±37 nm and polydispersity index =0.317. The isolated mitochondria exposed to non-toxic TiO2 NPs
and then exposed to H2O2, developed higher susceptibility to mitochondrial dysfunction showed as the decrease in respiratory control index (decrease of 50%), mitochondrial membrane potential (70% of decrease), P/O ratio (50% of decrease).In
addition, alveolar epithelial cells exposed to H2O2 but previously exposed to TiO2,
showed higher cytoskeleton disruption. In conclusion, the sub-toxic TiO2-NPs exposure enhances the susceptibility to cause mitochondrial dysfunction and cytoskeleton disruption induced by H2O2.
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INHALATION EXPOSURE STUDY OF TITANIUM
DIOXIDE NANOPARTICLES ON BLEOMYCININDUCED PULMONARY INFLAMMATION IN MICE.

S. Choi, M. Kang, J. Song, M. Yang, G. Ha, C. Song and K. Lee. Inhalation
Toxicology Center, Korea Institute of Toxicology, Jeongeup, Jeollabuk-Do, Republic of
Korea.
Titanium dioxide nanoparticle (nTiO2) is widely used in many industrial fields. It
is known that may cause to pulmonary inflammation by inhalation. In this study,
we examined the effects of inhaled nTiO2 on pulmonary inflammation in animal
model. Mice were induced lung inflammation by intratracheal instillation (ITI) of
bleomycin (1 mg/kg). 7 days after instillation, mice were exposed one time for 4
hours by inhalation of nTiO2 (0.12, 1.2, 12 mg/m3). The change of inflammation
was evaluated by cytokine analysis, histopathology and immunochemistry in lung
tissue. mRNA expression of IL-1β, MCP-1 and fibronectin was decrease in nTiO2
exposure groups. Histopathological changes of inflammation were inflammatory
cell infiltration, bronchiole-alveolar formation and bronchiole-alveolar hyperplasia
by bleomycin-treated. In nTiO2 exposure groups, these findings were dose-dependently decreased. Also, the decrease of IL-6 was observed in nTiO2 12 mg/m3
exposure group comparing to bleomycin-treated control group. These results suggest that nTiO2 may inhibit progress of inflammation by bleomycin.

formed by the rolling of graphene sheets into hollow tubes, and 3-D hollow carbon
spheres (HCS). The materials were first confirmed to be free from endotoxin contamination. We then compared the effect of these nanomaterials on cell viability by
Trypan Blue exclusion using primary human monocyte-derived macrophages
(HMDM). No significant loss of cell viability was seen in cells treated with
SWCNTs or GO up to 100 μg/ml up to 48 h, while a dose-dependent cytotoxic effect was seen for HCS. Cellular uptake of the three nanomaterials was monitored
by transmission electron microscopy. We also studied the production of the pro-inflammatory cytokines interleukin (IL)-1β and IL-1α, using LPS-primed HMDM.
Dose- and time-dependent activation of IL-1β was noted for cells incubated with
SWCNT and HCS, while GO only induce the secretion of IL-1β, but to a lesser
degree, at the highest dose (100 μg/ml). This work reveals immunotoxicity and/or
immunostimulatory effects of three carbon-based nanomaterials.
Supported by the 7th Framework Programme of the European Commission (ECFP7-NANOMMUNE-214281).
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POLYAMIDOAMINE (PAMAM) DENDRIMERS INDUCE
EPIGENETIC CHANGES IN A549 CELLS.

B. Fadeel, N. Feliu, H. Karlsson, A. Krais, P. Kohonen and A. Wallberg.
Institute of Environmental Medicine, Karolinska Institutet, Stockholm, Sweden.
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THE ROLE OF CCR5 IN INFLAMMATORY RESPONSES
TRIGGERED BY SINGLE-WALLED CARBON
NANOTUBES.

E. Park1, J. Roh3, S. Kim2, Y. Kim3, S. Han4 and J. Hong4. 1Ajou University,
Suwon, Republic of Korea, 2Korea Institute of Toxicology, Jeongeup, Republic of Korea,
3Kwangwoon University, Seoul, Republic of Korea and 4Chungbuk National
University, Cheongju, Republic of Korea. Sponsor: E. Park.
Due to the development of new materials and technology, the pollutants in the environment are becoming more varied and complex over time. Recently, holding
toxicologists’ attention is the outbreak of unforeseen adverse health effects, as a result of rapid expansion in the application of nanoparticles. In our previous study
using ICR mice, we suggested that a single intratracheal instillation of single-walled
carbon nanotubes (SWCNTs) induced early lung fibrosis and subchronic tissue
damage. In this study, to investigate the role of CCR5 in inflammatory responses
by the inflow of SWCNTs, we compared BAL cell composition, cell cycles, cytokines, cell phenotypes, inflammatory response-related proteins, cell surface receptors and histopathology in CCR5 knockout (KO) mice and CCR5 wild-type (WT)
mice. Results showed that the distribution of neutrophils in BAL fluid was significantly decreased in KO mice. The expression of apoptosis-related proteins including caspase-3, p53, phospho-p53, p21 and cleaved PARP, TGF beta l and mesothelin were markedly increased in KO mice compared with WT mice.
Histopathological lesions were also more frequently noted in KO mice. Moreover,
the secretion of IL-13 and IL-17 with IL-6 was significantly increased in KO mice
compared to WT mice, whereas that of IL-12 significantly decreased in comparison
to WT mice. The distribution of B cells and CD8+ T cells was predominant in the
inflammatory responses in KO mice, whereas that of T cells and CD4+ T cells was
predominant in the inflammatory responses in WT mice. Furthermore, the expression of CCR4 and CCR7 was significantly increased in KO mice. Based on these
results, we suggest that the absence CCR5 delays the resolution of inflammatory responses triggered by SWCNTs inflowing into the lungs and shifts Th1-type inflammatory response in the normal state to Th2-type inflammatory response.
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EFFECTS OF CARBON-BASED NANOMATERIALS ON
PRIMARY HUMAN IMMUNE-COMPETENT CELLS.

B. Fadeel1, F. Torres Andon1, L. Xiao2, E. Kisin3, A. Murray3, A. Shvedova3, 4
and S. Mathur2. 1Institute of Environmental Medicine, Karolinska Institutet,
Stockholm, Sweden, 2Institute of Inorganic and Materials Chemistry, University of
Cologne, Cologne, Germany, 3Pathology and Physiology Research Branch, Health
Effects Laboratory Division, National Institute for Occupational Safety and Health,
Morgantown, WV and 4Department of Physiology and Pharmacology, West Virginia
University, Morgantown, WV.
Due to their novel electrical, optical, mechanical and chemical properties, carbonbased nanomaterials are currently of great interest for a variety of technological as
well as biomedical applications. In this study, we investigated the interaction of
three carbon-based nanomaterials with immune-competent cells namely graphene
oxide (GO), a 2-D nanomaterial composed of layers of carbon atoms forming sixmember rings; single-walled carbon nanotubes (SWCNT), a 1-D nanomaterial
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Dendrimers are promising nanomaterials that have inspired a vast range of applications in biomedicine. Polyamidoamine (PAMAM) dendrimers are the most common class of dendrimers and toxicological studies of PAMAMs are mostly based on
the analyses of acute cytotoxicity/loss of cell viability. However, more subtle effects
occurring at lower doses that are potentially more relevant to human exposure also
need to be addressed. Importantly, whether PAMAMs could induce epigenetic
changes still remains to be investigated. In the present study we exposed human
alveolar epithelial cells (A549) to 4th generation PAMAM dendrimers with hydroxyl (-OH) and amino (-NH2) terminating groups and measured cell viability,
DNA damage, histone modifications, and global DNA methylation. Global
changes in DNA methylation were observed using the Illumina Infinium methylation array. Interestingly, PAMAM dendrimers were found to regulate DNA methylation even at low doses (0.01 μM) that do not induce a loss of cell viability, as
measured by the LDH release assay. Cells exposed to a higher concentration (1 μM)
of PAMAM-OH displayed more hypomethylation of genes compared to cells exposed to the lower dose (0.01 μM). However, exposing cells to 1 μM of PAMAMNH2 resulted in more hypermethylation of genes compared to the 0.01 μM dose.
Hence, specific changes occur depending on the surface charge (cationic versus
neutral) of PAMAMs. Furthermore, immunohistochemistry and western blotting
indicated that PAMAMs may induce histone modifications. Finally, DNA damage
was observed with the comet assay after exposure to 1 μM doses of both PAMAMs.
This study suggests that PAMAMs cause DNA damage and may alter gene expression in cells through epigenetic mechanisms which could, in turn, lead to alterations in cell function.
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DOSE-METRICS FOR NANOPARTICLES IN IN VITRO
TOXICITY TESTS.

M. V. Park, D. J. Delmaar, W. J. Peijnenburg, H. van Loveren, W. H. de Jong
and A. G. Oomen. RIVM, Bilthoven, Netherlands.
Traditionally, safe exposure limits to chemical substances are based on mass concentrations, for example, as a maximum tolerable daily intake of chemical substance Y
in mg per kg body weight. For nanomaterials, characteristics other than chemical
composition (e.g. size, shape) may also determine their toxic potential, implying
that information on the administered mass of the nanomaterial consisting of chemical substance Y may not be a sufficient description of the dose. As a result, risk assessors are faced with the question of what dose description to use when setting exposure limits for nanomaterials. A simple dose-metric summarizing the material
properties to a single number (i.e. administered total number of particles, total
mass or total surface area) would be most pragmatic for risk assessment and regulatory purposes, since only one exposure limit would have to be derived for different
nanomaterials consisting of chemical substance Y. However, it needs to be demonstrated that the use of such a simple dose-metric is appropriate.
We tested whether the dose of spherical silver (20, 80 and 113 nm) and silica (11,
34 and 248 nm) nanoparticles could be appropriately described by one of the simple dose-metrics administered total number of particles, mass or surface area, using
a novel graphical method. Data from in vitro assays on markers of cytotoxicity, inflammation and inhibition of stem cell differentiation was used to obtain equi-response curves: continuous curves connecting concentrations of particles leading to
the same response level in a test system. These curves were compared to those of

constant total particle surface area S, constant particle mass M and constant number of particles N. This approach demonstrated the existence of a simple dose-metric for nanoparticles, although there were differences in appropriate dose-metrics
between silver and silica nanoparticles, and between different toxicity endpoints.
Collectively, our results imply that using a simple dose-metric may not always be
the best approach when deriving safe exposure limits for nanomaterials.

apoptosis of monocytes and NK cells. The cell growth of NK decreased upon exposure to MWCNTs, but not to CB. These results indicate that MWCNTs exert asbestos-like suppressive effect on NK cells, partly differing from effect of asbestos.
These findings may raise an alarm for harm of MWCNTs exposure.
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MULTIWALLED CARBON NANOTUBES,
CYTOTOXICITY, AND OXIDATIVE STRESS IN THE
LUNGS OF RATS.

L. S. Van Winkle, D. S. Anderson, D. Sanchez, R. Silva, D. Morin, A. R.
Buckpitt and K. E. Pinkerton. University of California Davis, Davis, CA.
As the production of multiwalled carbon nanotubes (MWCNT) increases, so does
the potential for occupational human exposure. The high aspect ratio and durability of MWCNT suggests that their toxic properties may be analogous to other fiber
particles, such as asbestos. Further, they can occur in many different formulations.
In the current study a single acute exposure to MWCNT was tested by inhalation
in rats. Three types of MWCNT were tested in the same exposure system: original
(o-), purified (p-) and functionalized (f ). Functionalized MWCNT were purified
MWCNT that were carboxylated. Our hypothesis is that o-MWCNT would cause
greater oxidative stress due to the presence of metals attached to the o-MWCNT.
To test this, we exposed adult rats nose only to MWCNT aerosol for six hrs. Lungs
were removed 18-hours post exposure. We assessed airway glutathione (GSH) levels by HPLC and cell permeability in situ in the lung using ethidium homodimer
and confocal microscopy. GSH levels were significantly decreased in the oMWCNT group, with no significant change noted in the other groups. We further
challenged the dissected airways with hydrogen peroxide ex vivo to determine if
MWCNT exposure differentially changed the ability of the airway to regulate GSH
levels in the face of continuing oxidant stress. While hydrogen peroxide exposure
depleted GSH, this was not changed by previous exposure to o-, p- or f- MWCNT.
The ethidium assay indicated the greatest cytotoxicity from the o-MWCNT as indicated by numerous ethidium positive membrane permeable cells at bifurcations
in both proximal and distal airways. The p-MWCNT had few positive cells at proximal bifurcations, but more in distal regions. The f-MWCNT had the fewest ethidium positive with no difference proximally or distally. These results indicate that
the o-MWCNT causes more oxidative stress and cytotoxicity in the lung than the
other MWCNT tested. Supported by RC1ES018232, P42ES04699 and
UO1ES02027.
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MULTIWALLED CARBON NANOTUBES EXERT
ASBESTOS-LIKE SUPPRESSIVE EFFECT ON NK CELLS,
DECREASED CYTOTOXICITY WITH ALTERED
EXPRESSION OF NK CELL-ACTIVATING RECEPTORS.

Y. Nishimura1, N. Kumagai-Takei1, M. Maeda2, H. Matsuzaki1, S. Lee1 and T.
Otsuki1. 1Hygiene, Kawasaki Medical School, Kurashiki, Japan and 2Biofunctional
Chemistry, Graduate School of Natural Science and Technology, Okayama University,
Okayama, Japan.
Carbon nanotubes (CNTs) are new materials, industrial application of which is expected. However, CNTs are similar to asbestos, long and thin, and CNTs-induced
malignant mesothelioma in animals has been reported. We have previously reported that asbestos exerts immune-suppressive effects, decreases in cytotoxicity of
NK cells and function of Th1 cells. NK cells in culture with asbestos showed a
marked decrease in expression level of NKp46, one of NK cell-activating receptors.
Therefore, we examined the effect of multi-walled CNTs (MWCNTs) on cytotoxicity of NK cells. MWCNTs, kindly given by Dr Hirano in National Institute for
Environmental Studies, were suspended in Pluronic F68 and dispersed by sonication. Human PBMCs, CD3-CD56+ NK cells or others were cultured with IL-2
under exposure to glass wool (GW), chrysotile B (CB) asbestos or MWCNT at 1 or
5 μg/ml. The expression of NK cell-activation receptors, percentage of apoptotic
cells and cytotoxicity of NK cells were assayed by FACSCalibur. MACS or
FACSAria was used for cell sorting. Cell growth was assayed by WST-1 method.
NK cells in PBMCs cultured upon exposure to CB or MWCNTs for 7 days showed
decreases in cell-surface expression of NKp46 and NKp44, but GW exposure did
not cause such decreases. NKG2D as well as NKp46 and NKp44 decreased in NK
cells freshly sorted and then cultured upon exposure to MWCNTs, but not to CB.
Both of NK cells sorted form PBMC exposed to CNT and CB exhibited decreased
cytotoxicity for NKp46-dependent targets. The annexin V+ apoptotic cells in
CD14+ monocytes increased by exposure to CB, whereas MWCNTs caused both

SYNERGISTIC EFFECT OF NANOPARTICLE SIZE AND
ALUMINUM CHEMICAL COMPOSITION IN
PRIMARILY CULTURED NEURAL CELLS INDUCED BY
NANO-ALUMINUM OXIDE.

L. Q. Zhang1, C. S. Tang2, P. F. Gao3, L. Xu1, L. Zhao2, L. H. Yang1, C.
Zhang1 and Q. Niu1. 1Department of Occupational Medicine, Shanxi Medical
University, Taiyuan, Shanxi, China, 2Beijing Municipal Institute of Labour
Protection Beijing Key Laboratory of Occupational Health and Safety, Beijing, China
and 3Technical Institute of Physics and Chemistry, Chinese Academy of Sciences,
Beijing, China.
Manufactured nano-particles of aluminum oxide (nano-alumina) have been widely
used in many areas. However, relatively few studies are available with regard to the
neurotoxic effect of nano-alumina. The aim of this study was to determine the contribution of nanoparticle size and aluminum chemical composition to the cellular
toxicity of nano-alumina. Size-effect was determined by comparing the toxicity of
nano- and micro- particles of alumina, while aluminum chemical composition-effect was determined by comparing the toxicity of nano-alumina and nano-carbon
with the identical particle sizes. Toxicity was evaluated by determining the ultrastructural lesions, mitochondrial damage and loss of membrane integrity in cells exposed to different particles. The results showed that nano-particles of alumina induced higher toxicity compared to micro-alumina particles, indicating a
nanoparticle size-dependent toxicity induced by nano-alumina. In addition, nanoparticles of alumina induced higher toxicity than that induced by nano-carbon particles, indicating that toxicity induced by nano-particles of alumina was contributed to its unique chemical composition. In conclusion, toxicity of
nano-alumina has a synergistic effect of both nanoparticle size and aluminum
chemical composition.
The research was supported by the Natural Science Foundation of China
(No.30972456, 30972512), Research and Innovation Project of Beijing Municipal
Science and Technology Research Institute (No.: PXM2011-178304-112365),
Shanxi Provincial Natural Science Fundation (2009011054-1), and Open Project
of Chinese Academy of Biological Effects and Safety of Nano-key Laboratory,
National Centre of Nanoscience and Technology (2010)
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INHALATIONAL EXPOSURE OF CADMIUM OXIDE
NANOPARTICLES LEADS TO ENDOCRINE
DISRUPTION IN THE REPRODUCTIVE TRACT OF
PREGNANT FEMALE MICE.

J. L. Blum, L. Horton, J. Q. Xiong and J. T. Zelikoff. Environmental Medicine,
New York University, Tuxedo, NY.
We have previously demonstrated that inhalation of cadmium oxide (CdO)
nanoparticles (NP) leads to the translocation of Cd to the reproductive tract of
pregnant mice. Follow-up studies were recently performed to determine what effects, if any, exposure has on pregnancy-related steroid hormone systems in this
model as bulk Cd can act as a “metalloestrogen”. To test the hypothesis that inhaled
CdO NP (geometric mean size 11-15 nm) can lead to endocrine disruption, timedpregnant CD-1 mice were exposed (for 2.5 hr) either every other day to 100 μg/m3
or daily to 230 μg/m3 to CdO NP from gestational day (GD) 4.5 through
GD16.5. In addition, mRNA expression of estrogen receptors (ER) α and β and
progesterone receptors (PRs) A and B was determined in uterus, ovary, and placenta
from both controls and mice exposed to 230 μg CdO NP/m3 and euthanized on
GD 10.5, 14.5, and 17.5. Results demonstrate that at the highest CdO NP concentration, serum estradiol (E2) levels were decreased on GD17.5 compared to both
control and mice exposed to 100 μg/m3; no changes in progesterone (P) levels were
seen. Inhalation of CdO NP decreased expression of both uterine PRs and ERα on
GD14.5 and ERβ on GD17.5, but increased expression of ERα on GD17.5.
Exposure of pregnant mice to CdO NP also led to decreased placental expression of
ERα on GD14.5, with no significant changes to the other steroid receptors.
Receptor expression in the ovary was unaffected by CdO NP exposure. These data
show that Cd associated with inhaled CdO NPs has the potential to affect the molecular endocrine signaling in the reproductive system during pregnancy in both
the uterus and placenta. Such changes could lead to altered fetal growth and/or indirect effects including epigenetic alterations affecting the offspring later in life.
Supported by ES017427, T32ES007324, and NYU Center Grant ES000260.
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CARBON NANOTUBES INDUCE IMMUNE
SUPPRESSION VIA DIRECT EFFECTS ON DENDRITIC
CELLS.

A. Tkach1, G. V. Shurin2, M. R. Shurin2, E. R. Kisin1, A. R. Murray1, 4, S. H.
Young1, A. Star2, B. Fadeel3, V. E. Kagan2 and A. A. Shvedova1, 4. 1NIOSH,
Morgantown, WV, 2University of Pittsburgh, Pittsburgh, PA, 3Karolinska Institutet,
Stockholm, Sweden and 4West Virginia University, Morgantown, WV.
Mounting evidence indicates that exposure to nanoparticles (NP) is able to modify
immune responses. However, cellular and molecular mechanisms of immune responses elicited by NP are poorly understood. In the current study, we evaluated
site-specific pulmonary inflammation and systemic immune response in mice after
pulmonary exposure to single walled carbon nanotubes (SWCNT). SWCNT exposure caused inflammation, pulmonary damage and an altered cytokine network in
the lung. SWCNT-induced inflammation facilitated the recruitment of dendritic
cells (DC) to the lung tissues, increasing chances of direct DC/SWCNT interactions. Local inflammatory response in vivo was accompanied by modified systemic
immunity as documented by decreased proliferation of splenic T cells. To assess if
DC could be responsible for modulation of systemic immunity in SWCNT-treated
mice, we evaluated the ability of SWCNT-exposed DC to alter T cell responses in
vitro. Here we demonstrate that co-culturing of T cells with SWCNT- exposed DC
suppressed the T cell proliferation response upon re-stimulation with freshly generated, unexposed DC. Further, exposure of DC to SWCNT did not alter DC phenotype. Exposure of DC to E. coli LPS induced phenotypical maturation of DC.
When LPS-exposed DC were mixed with T cells we observed facilitated T cell proliferation. Administration of LPS + SWCNT to DC did not change LPS-induced
DC phenotypical maturation. Indeed, when T cells were mixed with
LPS+SWCNT treated DC we observed decreased proliferation. Combined, these
findings suggest that SWCNT do not interfere with recognition of LPS by DC. We
can speculate that SWCNT exposure may intervene with antigen capture/processing and/or presentation, thereby leading to compromised DC/T cell interactions.
Overall, our data suggest that exposure to SWCNT modifies systemic immunity by
modulating DC function.

1280
Yi1,

DESIGN AND CHARACTERIZATION OF A
NANOPARTICLE AEROSOL GENERATOR.

Knuckles1,

Chen2,

Sabolsky3,

Castranova2

J.
T.
B.
E.
V.
and T.
Nurkiewicz1. 1Center for Cardiovascular and Respiratory Sciences, West Virginia
2
University, Morgantown, WV, National Institute for Occupational Safety and
Health, Morgantown, WV and 3Mechanical Engineering Department, West Virginia
University, Morgantown, WV.
The generation of nanoparticle aerosols for inhalation toxicology studies is challenging because nanoparticles tend to agglomerate due to very strong inter-particle
forces and form large fractal structures in tens or hundreds of microns in size, which
are difficult to be broken up. To perform inhalation toxicology studies with
nanoparticles, the aerosols in an environmental chamber housing the animal subjects must have: 1) a consistent concentration maintained at a desired level for the
entire exposure period; 2) a homogenous composition free of contaminants; and 3)
a stable size distribution with a geometric mean diameter < 200 nm and a geometric standard deviation σg < 2.5. We designed and tested a nanoparticle aerosol generator that consists of a vibrating fluidized bed with a baffle, a vibrating Venturi disperser, and a cyclone separator. Nano-sized titanium dioxide (TiO2) dry power
(P25, Evonik, Germany) with primary diameter of 21 nm and density of 3.8
g/cm3, and Cerium oxide (CeO2) dry powder with primary diameter of 3 nm and
density of 7.1 g/cm3 were used to test the aerosol generator. The aerosols were delivered into a 0.5 m3 inhalation exposure chamber at a flowrate of 90 LPM and
measured with a scanning mobility particle sizer and an electric low pressure impactor. The mass concentration of the aerosols was verified gravimetrically. The
nanoparticle aerosol generator created TiO2 and CeO2 aerosols with: 1) stable
mass concentrations during a 4-hour-study (6.2 mg/m3 and 3.9 mg/m3 for TiO2
and CeO2 aerosols, respectively); and 2) stable particle size distributions during a
4-hour-study (count-median aerodynamic diameters of 157 nm and 145 nm for
TiO2 and CeO2 aerosols, respectively). These results indicate that our system has
the capability to generate nanoparticle aerosols for inhalation toxicology studies.
NIH-ES015022 and ES018274 (TRN)
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AUTOMATED SPRAY CAN AEROSOL EXPOSURE
SYSTEM DEVELOPED FOR INHALATION STUDIES
INVOLVING PRODUCTS CONTAINING TITANIUM
DIOXIDE NANOPARTICLES.

W. McKinney, M. Jackson and D. Frazer. NIOSH, Mograntown, WV. Sponsor: V.
Castranova.
Inhalation exposure systems are necessary tools for determining the dose response
relationships of inhaled toxicants under a variety of exposure conditions. An inhalation exposure system was designed and assembled that could house up to 12
rats and deliver respirable aerosols that were representative of those formed while
using a pressurized spray can to their breathing space. A custom generator and support software were developed which could automatically keep the spray can’s contents mixed and could precisely time the on / off cycle of the spray to achieve desired exposure levels. The inhalation exposure system also utilized a combination of
air flow controllers, particle monitors, data acquisition devices, and custom software with automatic feedback control to achieve constant and repeatable exposure
chamber temperature, relative humidity, pressure, and aerosol mass concentration.
The automatic control algorithm was capable of delivering median aerosol concentrations to within +/- 0.2 mg/m3 of a user selected target value, ranging from 0.5 to
4 mg/m3, for inhalation exposures lasting 2 to 4 hours. The system was capable of
reaching 95% of the target value in less than 8 minutes during the start up phase of
an inhalation exposure. Particle distribution and morphology of the spray aerosol
delivered to the exposure chamber were measured to verify that a fully dispersed
and respirable aerosol was being delivered to the animals’ breathing space. This exposure system provides a highly automated tool for exposing small laboratory animals to precise concentrations of aerosols produced by spray can products.
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ASSESSMENT OF PULMONARY TOXICITY OF
FUNCTIONALIZED MULTIWALL CARBON
NANOTUBES IN VITRO.

A. Mishra1, 2, T. Stueckle1, R. Derk1, D. Schwegler-Berry1, N. Wu2, Y.
Rojanasakul2, V. Castranova1, 2 and L. Wang1, 2. 1Pathology & Physiology Research
Branch, CDC NIOSH, Morgantown, WV and 2Pharmacological & Pharmaceutical
Sciences, West Virginia University Health Sciences Center, Morgantown, WV.
Multi-walled Carbon nanotubes (MWCNT), with their unique physico-chemical
properties such as diameter less than 100 nm and a large surface area, have a number of current and proposed applications in health care and consumer products.
MWCNT can also be toxic due to fiber shape and large surface area. Previous studies have reported that MWCNT exposure in mice caused rapid and progressive interstitial lung fibrosis within a few weeks. Physical-chemical properties of
MWCNT e.g. solubility, dispersion status etc certainly mediate their bio-effects.
However, mechanisms involved are largely unknown. Therefore, in vitro methods
should be developed which allow mechanistic studies. For this present study, two
types of MWCNT were used: purified (p) and COOH-functionalized (f )
MWCNT. Particle characterization was performed by scanning electron microscopy (SEM), Fourier transform infrared spectroscopy (FTIR) and zeta potential
measurement. Cultured human bronchial epithelial cell and lung fibroblast cells
were exposed to p-MWCNT or f-MWCNT. Cytotoxicity was measured using the
tryphan blue assay & lactate dehydrogenase (LDH) assay. Levels of collagen, an indicator of fibrogenicity, were evaluated by ELISA and western blotting. Results
showed that 1) f-MWCNT was more hydrophilic than p-MWCNT due to the
presence of surface attached COOH functional groups; 2) at physiologically relevant exposure concentrations (0.02-0.6 μg/cm2), f-MWCNT showed less cell damage compared to p-MWCNT in lung epithilial cells in vitro; 3) both p-MWCNT
and f-MWCNT induced collagen I in fibroblast cells in vitro. Our data suggests
that COOH-functionalization modulates the bio-effects of MWCNT in vitro
which have important implications in nanotoxicology.
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SEMICONDUCTOR NANOPARTICLES EXHIBIT
DIFFERENTIAL CYTOTOXICITY THROUGH
MITOCHONDRIAL ROS STIMULATION IN A459
CELLS.

V. Escamilla-Rivera1, M. Uribe-Ramirez1, V. Subramaniam2, L. ArreolaMendoza3, O. Barbier2 and A. De Vizcaya-Ruiz1. 1Toxicology, Cinvestav-IPN,
Mexico City, Mexico, 2SEES, Cinvestav-IPN, Mexico City, Mexico and 3Biosciences
and Engineering, CIIEMAD-IPN, Mexico City, Mexico.
Copper indium gallium diselenide (CIGS) and cadmium sulfide (CdS) nanoparticles (NP), are semiconductors manufactured for next generation photovoltaic cells,
with a better solar energy to electricity conversion. Due to the growing concern on
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the risks associated to the use of engineered NP in an industrial scale and recovery
processes, we assessed the redox ability of these NP and their induction of cytotoxicity mediated by reactive oxygen species (ROS) in human alveolar epithelial A549
cells. The free-cell dithiothreitol (DTT) oxidation assay showed a greater oxidant
activity of CIGS vs. CdS (41.21 and 1.2 pmol DTT/μg*min, respectively). To
guarantee NP dispersion in culture medium, pretreatment with 2% of BSA was
performed, confirmed by SEM and STEM. Induction of cytotoxicity was evaluated
using the crystal violet and MTT reduction assays, CIGS induced more cytotoxicity than CdS in all the concentrations and time points tested. We determined intracellular ROS levels using DCF-DA, a 1.46 to 1.92-fold increase after the exposure
to CIGS was observed, while CdS increased 1.2 to 1.5-fold, versus control (nontreated cells). To determine whether mitochondria is a potential target for NP, we
assessed changes in mitochondrial membrane potential (Δψm) where both NP
caused a loss in Δψm of 28% and 35% at 6 h and 40% and 28% at 24 h after the
exposure to CIGS and CdS, respectively. Antioxidant pre-treatment (Trolox) prevented the loss of Δψm and cytotoxicity induced, suggesting that the induction of
ROS, is the main mechanism by which these NP are cytotoxic. CdS NP showed a
lower, yet steady, ability to induce ROS compared to CIGS, thus long-term effects
should be further investigated considering the possible deposition of Cd, a known
toxic metal. Our results support the hypothesis that intrinsic properties of NP, i.e.
bandgap energy, are underlying factors that determine cellular toxicity of engineered NP.
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LOCALIZATION, QUANTIFICATION, AND GENERAL
TOXICOLOGY OF INTRAVENOUSLY INJECTED
HAFNIUM-BASED NANOPARTICLES (NBTXR3) AFTER
REPEATED X-RAY EXPOSURE TO COMPUTED
TOMOGRAPHY (CT) IN THE RAT.

S. Baudet1, A. Pager2, C. Devaux3, D. Ravelo1, E. Chéreul2 and L. Lévy3.
1Ricerca Biosciences SAS, Lyon, France, 2Voxcan, Lyon, France and 3Nanobiotix,
Paris, France.
NBTXR3 is developed to potentiate the effect of radiotherapy in solid tumors, by
amplifying the production of reactive oxygen species generated by X ray exposure of
its hafnium core. Although NBTXR3 is intended to be injected in the tumor,
spilling in the circulation may occur, leading (in rats) to steady trapping of
NBTXR3 nanoparticles (NP) in the liver. Clinically, it is unknown whether patients previously treated with NBTXR3, and at risk of having liver-entrapped NP,
may show toxic signs when exposed to X rays later in life, for instance, during a CT
scan. We modeled and maximized this clinical situation in the rat by a single bolus
intravenous (IV) administration of NBTXR3, followed by 3 consecutive daily Xray exposures by CT, focused on liver, which was also used to localize and quantify
radio-opaque NP in the liver. The rats were followed for clinical signs, growth, food
intake, clinical pathology, and were necropsied for histopathology of the liver and
spleen, 5 or 36 days after dosing. The effects of NBTXR3 vs vehicle, CT exposure
vs none, and time after exposure (36 versus 5 days) were evaluated. NBTXR3 NP
were homogenously distributed in the liver (about 77% of its volume), with no
changes in distribution up to 3 days of observation. A single injection of NBTXR3
followed by repeated CT exposure was devoid of effects on health, growth, food intake and clinical pathology. In particular, despite liver trapping of NP, hepatic enzyme activities were unaffected. The liver and spleen structure was normal; only
brownish granular pigment deposits (possibly NP) were observed up to a slight extent in the spleen and liver. In conclusion, intravenously-injected NBTXR3
nanoparticles were homogenously and steadily distributed in the liver up to 3 days
after dosing. NBTXR3 administration, followed by 3 days of once daily CT exposure, did not exert any short- or long-term toxic effects (in particular on the liver),
in the rat.
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CYTOTOXICITY AND GENOTOXICITY OF SILVER
NANOPARTICLES IN HUMAN LUNG CELLS.

L. Falank1, 2, H. Xie1, 2, 3, D. McGovern1, 2, A. Sample1, 2, S. Abramson1, 2, A.
Perez1, 2, M. D. Mason4, G. Craig4 and J. P. Wise, Sr.1, 2, 3. 1Wise Laboratory of
Environmental and Genetic Toxicology, University of Southern Maine, Portland, ME,
2Maine Center for Toxicology and Environmental Health, University of Southern
Maine, Portland, ME, 3Department of Applied Medical Science, University of
Southern Maine, Portland, ME and 4Department of Chemical and Biological
Engineering, Institute for Molecular Biophysics, University of Maine, Orono, ME.
Silver is one of the most commercialized nano-compound due to its conductive,
stabilizing, catalytic and antibacterial activities. Silver nanoparticle applications in
consumer products range widely from disinfecting medical devices to home appliances. Human exposure occurs in manufacturing settings, through consumer prod-

ucts, and potentially from nanoparticles being released into the environment.
Consequently, the potential toxic effects of silver nanoparticles have become a public concern. Thus, it is essential to understand if and how nanoparticles induce
damage in normal human cells. To address this issue, we investigated the cytotoxicity and genotoxicity of silver nanoparticles in human lung cells. Three types of silver nanoparticles, bare, pegylated and fluoroscein isothiocyanate functionalized
(FITC), were used in this study. We found that bare silver nanoparticles were more
toxic to human lung cells after 24 h exposure than the other two particle types.
Both bare and pegylated particles were toxic to the cells after chronic exposure. Bare
and pegylated silver nanoparticles did not induce chromosome damage in human
lung fibroblast cells after 24 or 120 h exposures. FITC silver nanoparticles were
weakly clastogenic after a 24 h exposure but were not clastogenic after a 120 h exposure. There was no induction of DNA double strand breaks in cells exposed to
silver nanoparticles for 24 h, however, after 120 h exposure, a weak induction of
DNA double strand breaks are occurred. Further work will include characterize silver nanoparticle-induced chromosome instability in human lung cells. This work
was supported by ARO grant W911NF-09-1-0296 (J.P.W.).
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KIDNEY INJURY MOLECULE-1 AS AN EARLY
BIOMARKER OF RENAL INJURY FOLLOWING
INHALATIONAL EXPOSURE TO CADMIUM OXIDE
NANOPARTICLES BY FEMALE MICE: COMPARISON
WITH URINARY PROTEIN, CREATININE, AND
GLUCOSE.

J. T. Zelikoff1, J. Vargha2, J. L. Blum1 and J. Edwards2. 1Environmental Medicine,
New York University School of Medicine, Tuxedo, NY and 2Pharmacology,
Midwestern University, Downers Grove, IL.
The use of nanoparticles (NPs) is becoming pervasive in many areas of modern life.
However, little is known regarding the potential toxicities of these particles. One industrially important NP is cadmium oxide (CdO) that is used as a starting material
for other Cd-containing NPs that are then used in medicine, batteries, solar cells,
and color pigments. While Cd is a well-known nephrotoxicant, previous animal
studies have only examined the nephrotoxicity of soluble Cd salts and/or particles >
100 nm. Since NPs can behave in a manner different than their bulk-sized counterparts, the nephrotoxic potential of CdO NPs remains unknown. Therefore, a study
was performed in pregnant mice examining the effects of inhaled CdO NPs on several parameters of renal toxicity, including changes in total urinary protein, creatinine, glucose, and the novel kidney injury molecule-1 (Kim-1). Kim-1 is a transmembrane glycoprotein that is normally not detectable in the kidney, but is
up-regulated and shed into the urine following nephrotoxic injury. Recent studies
utilizing a sub-chronic model of Cd exposure in the rat have shown that Kim-1 is a
very early urinary marker of Cd-induced renal injury. In the present study, mice
were exposed via inhalation to CdO NPs (11-15 nm) at either 100 or 230 μg
CdO/m3 through day 16.5 of gestation. At euthanasia on GD 17.5, urine was sampled from the bladder and analyzed by ELISA for Kim-1, total protein, creatinine,
and glucose content. Urinary Kim-1 increased ~6-fold above control levels in pregnant mice exposed daily for 2.5 h/d to the highest CdO concentration. No significant changes were detected in any of the more traditional urinary biomarkers.
Results suggest that urinary Kim-1 may be a useful biomarker for nephrotoxicity in
female factory workers exposed by inhalation to CdO NPs. NIEHS ES017427.
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DEPOSITION PATTERN OF SINGLE-WALLED CARBON
NANOTUBES WITHIN ALVEOLAR MACROPHAGES OF
GOLDEN SYRIAN HAMSTERS FOLLOWING
INHALATION.

H. Sukhija, K. H. Bijlani and J. M. Cerreta. PHS, St. Johns University, Queens,
NY. Sponsor: L. Trombetta.
Carbon nanotubes (CNT) are cylindrical structures with electrical, chemical, and
thermal properties that have diameters of 1-2nm with varying lengths and application in a number of industries. Due to their small size, inhaled SWCNTs may have
potential health risk when humans are exposed during their production or use. The
present study was carried out to evaluate such risks. The study was divided into 2
parts: the first part comprised an in vitro study that used RAW and BAL
macrophages which were exogenously treated with SWCNTs and tested for cell migration by a chemotaxis assay and a second part carried out to determine the effect
of inhaled exposure of SWCNTs on bronchoalveolar macrophages. Golden Syrian
Hamsters were exposed to 2mg/m3 of SWCNTs for 4hrs/day, for 8 or 14 consecutive days following which hamsters were euthanized 1 day post exposure. Such
groups were compared to their respective vehicle treated controls. After the animals
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were euthanized, bronchoalveolar lavage cells were isolated and processed for scanning(SEM)and transmission electron microscopy (TEM). Results from chemotaxis
assay on RAW and BAL macrophages showed that exogenous exposures to
SWCNTs resulted in increased cell migration as compared to control cells. Results
from SEM study demonstrated presence of macrophages with irregular and ruffled
surface in SWCNTs exposed groups as compared to their respective controls. TEM
demonstrated presence of SWCNTs in phagolysosomes, and vacuoles of bronchoalveolar macrophages. Such particles were arranged in a tubular fashion inside
the phagolysosomes and some of the particles appeared to be trapped in the surfactant material inside the vacuoles. These data indicate that SWCNTs increase cell
migration in vitro and activate alveolar macrophages resulting in phagocytosis and
deposit within the alveolar macrophages of hamsters exposed to inhaled nanotubes.

1288

TRANSCRIPTIONAL REPROGRAMMING OF LUNG
EPITHELIAL CELLS BY LOW-DOSE EXPOSURE TO
SILICA NANOPARTICLES LEADS TO ENHANCED
SUSCEPTIBILITY TO METAL CYTOTOXICITY.

N. J. Karin1, 4, M. J. Gaffrey1, 4, M. H. Littke1, 4, K. M. Waters1, 4, J. G.
Teeguarden1, 4, W. Wang2, 4, J. A. Price3, 4 and B. D. Thrall1, 4. 1Pacific Northwest
National Laboratory, Richland, WA, 2Oak Ridge National Laboratory, Oak Ridge,
TN, 3Battelle, Columbus, OH and 4Battelle Center for Fundamental and Applied
Systems Toxicology, Columbus, OH.
Engineered amorphous silica nanoparticles are incorporated into a growing number
of consumer products, and while these materials are considered to have low toxicity
we hypothesized that exposure to nanosilica elicits responses that alter the transcriptome and modify cell function. Mouse C10 alveolar epithelial cells were
treated with carboxyl-functionalized 33-nm amorphous silica over a range of
nanoparticle concentrations (10-250 μg/ml) and exposure durations (2-24 hr).
Global transcriptional profiling revealed that C10 cells were highly responsive to
nanosilica exposure, exhibiting an increase in the number of regulated gene products as a function of time-integrated particle cell dose. Gene ontology analysis indicated links between particle cell dose and the regulation of signaling networks that
control cell cycle progression. Higher cell doses of nanosilica led to the regulation of
genes that control responses to oxidative stress and xenobiotics. Among the
nanoparticle-regulated transcripts were gene products that modulate processes associated with tissue repair and lung remodeling. Genes encoding metallothioneins 1
and 2 and the ZnT1 zinc transporter were strongly down-regulated by nanosilica
doses as low as 500 particles•hr per cell. The proteins encoded by these transcripts
have roles in the protection of cells against metal-induced cytotoxicity, and cells
treated with the nanosilica exhibited increased susceptibility to zinc- and cadmiuminduced cell death. Thus, despite minimal overt toxicity of these particles, genomic
analysis identified transcriptionally-regulated pathways that alter sensitivity of cells
to other environmental agents.
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THE PROINFLAMMATORY RESPONSE OF PORCINE
BRAIN MICROVESSEL ENDOTHELIAL CELLS TO
METALLIC NANOPARTICLES SHOWS COMPOSITION
AND SIZE DEPENDENCY.

W. J. Trickler1, S. M. Lantz1, B. L. Robinson1, G. D. Newport1, J. J. Schlager2,
M. G. Paule1, W. Slikker1, S. M. Hussain2 and S. F. Ali1. 1Neurotoxicology,
NCTR/FDA, Jefferson, AR and 2Applied Biotechnology Branch, Human Effectiveness
Directorate, Air Force Research Laboratory, Wright-Patterson AFB, Dayton, OH.
The purpose of the current studies was to determine if systemic exposure of various
metallic nanoparticles differing in size and composition [silver (Ag-NPs, 25, 40 and
80 nm), copper oxide (Cu-NPs, 40 and 60 nm) or gold (Au-NPs, 3 and 5 nm)] can
induce the release of pro-inflammatory mediators that influence the restrictive permeability characteristics of an in vitro model of the blood-brain barrier (BBB).
Confluent porcine brain microvessel endothelial cells (pBMEC) monolayers (8-12
days) were treated with various metallic nanoparticles (15 μg/ml). Extracellular
concentrations of pro-inflammatory mediators (IL-1β, TNFα and PGE2) were
evaluated using ELISA at 0, 2, 4, 6 and 8 hr following exposure. pBMECs were cultured in standard 12-well transwell inserts and permeability was evaluated following 24-hr apical NP exposure by measuring the transport of fluorescein across the
pBMEC monolayers allowing the determination of (apparent) permeability coefficients. PGE2 release following Cu-NP exposure was significantly increased (≈2fold at 8 hr for 40 and 60 nm) when compared to control. Similar results were observed for Ag-NPs but not Au-NPs. The secretion of TNFα and IL-1β were
observed for both Cu-NPs and Ag-NPs but not in response to Au-NPs exposures.
The post-treatment time-profiles of TNFα and IL-1β show the IL-1β response to
be more persistent when compared to TNFα over the 8-hour experiment. The permeability ratios (exposure/control) were significantly increased following exposure
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to Cu-NPs or Ag-NPs, but not Au-NPs (approximately 8-fold, 3-fold for Cu-NPs
or Ag-NPs, respectively). Together, these data suggest that composition and size of
NPs can cause significant proinflammatory response that can influence the integrity
of the BBB.
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MULTIWALLED CARBON NANOTUBES INHIBIT
REGENERATIVE AXON GROWTH IN MICE.

D. Remonde, D. Wu, A. Raafat, E. Pak, C. Wingard and A. Murashov.
Physiology, East Carolina University, Greenville, NC.
Recent evidence suggests that nano-scaled particulate matter can penetrate the
blood-brain barrier, affecting brain signaling pathways that are linked to neurological diseases. However, the mechanism of nanomaterial toxicity on the nervous system has been poorly investigated. Addressing the question of what changes
nanoparticles trigger in nerve cells could lead to discovering factors that arise before
the manifestation of physiological defects. In our research we examined if direct
and indirect exposure of primary neuronal cell cultures to multi-walled carbon nanotubes (MWCNT) may compromise regenerative axon growth. MWCNT were
grown by NanoTech Labs Inc. (Yadkinville, NC), to approximately 25 nm width
and 10-20 μm long using the chemical vapor deposition (CVD) process. The regenerative response was induced by a sciatic nerve crush five days prior to the collection of dorsal root ganglia (DRG) according to the guidelines of IACUC. DRG
neurons were cultured at low density and incubated overnight with different concentrations of MWCNT. Analysis of results indicated a significant decrease in axonal length and branching after direct exposure of DRG cultures to MWCNT in
comparison to cultures incubated with the vehicle (10% surfactant). Neurite
growth showed a significant decrease at 1 μg/ml while axonal branching significantly decreased at a 5 μg/ml MWCNT concentration. We also examined if systemic exposure to MWCNT would result in a toxicological impact on the nervous
system. One day following the sciatic nerve crush, animals received different doses
of MWCNT via oropharyngeal instillation. The mice were sacrificed and DRGs
were collected for primary neuronal culture 5 days after sciatic nerve crush. Results
analyzed from cell culture data indicated that indirect exposure to MWCNT also
produced significant decrease in axonal length and branching at 2 μg/ml and 4
μg/ml, respectively. The cell culture results from direct and systemic exposure to
MWCNT indicates that nanoparticles may have a detrimental effect on regenerative axon growth and may potentially trigger axonal pathology.
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A COMPARISON OF THREE DISPERSION MEDIA ON
THE PHYSICOCHEMICAL AND TOXICOLOGICAL
BEHAVIOR OF TIO2 AND NIO NANOPARTICLES.

E. R. Gutierrez1, Y. Li1, K. Sexton1, I. Jaspers2, R. Kamens1 and M. Tolocka1.
1Gillings School of Global Public Health, Department of Environmental Sciences and
Engineering, University of North Carolina at Chapel Hill, Chapel Hill, NC and
2Center for Environmental Medicine, Asthma, and Lung Biology, School of Medicine,
University of North Carolina at Chapel Hill, Chapel Hill, NC.
Background: Nanomaterials represent a burgeoning field of technological innovation with concomitant environmental release and unknown or polemic health effects associated with their manufacture and proliferation. Agglomeration of nanomaterials in biologically relevant media complicates dosing in toxicological study.
From a physicochemical standpoint, agglomeration directly affects the size, stability, and concentration of nanoparticles delivered. However, agglomerated doses
may alter toxicological endpoints and biological relevance. Objective: To compare
the effects of dispersion techniques on the physicochemical and toxicological
dosimetry of TiO2 (<50 nm) and NiO (<20 nm) nanoparticles. Methods: Three
media were prepared: F12K/10% FBS/1% P/S, F12K/0.1% Pluronic F68 nonionic
surfactant/1% P/S, and F12K/0.01% DPPC/0.6 mg/mL BSA/1% P/S with varying concentrations of -TiO2 or NiO nanoparticles. Physicochemical and toxicological effects were analyzed with dynamic light scattering (DLS), ICP-MS, DTT
assay, and stimulation of A549 cells with nanoparticles for 4 and 24 hours followed
by analysis of inflammatory and oxidative stress markers. Results: DLS confirmed
that F12K/10% FBS/1% P/S de-agglomerated the nanoparticles better than the
other two media with an average diameter <100nm and ICP-MS revealed that the
concentrations delivered were proportional to the calculated value of the serial dilution. DTT analysis indicated that ROS generation shows a dose-response relationship that can be affected by particle agglomeration. RT-PCR at 4 and 24 hours indicated that inflammatory markers were most strongly induced by lower
concentrations of NiO, while higher concentrations indicated higher response to
ROS. Conclusions: Dispersion media physicochemical properties affect toxicological endpoints.
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DISTINCT IMMUNOMODULATORY EFFECTS OF A
PANEL OF NANOMATERIALS IN HUMAN DERMAL
FIBROBLASTS.

A. A. Romoser and C. M. Sayes. VTPP, Texas A&M University, College Station, TX.
There are many efforts in understanding the effects of nanoparticles on cells, however, not much is known regarding the distinct molecular mechanisms of inflammation and cellular stress using low dose concentrations. To address this gap in the
literature, we utilized a novel experimental design that specifically probes the effects
of a panel of commonly studied engineered nanomaterials along immunomodulatory pathways. The panel of particles selected for this study included quantum dot
nanocrystals (QDs), titanium dioxide (TiO2), hydroxylated fullerenes, and silver
(Ag) nanoparticles. Cell viability, antioxidant activity, select messenger RNA, and
protein modulation were studied in primary human dermal fibroblasts (HDF) and
NF-κB knockdown HDF. Inflammatory and non-inflammatory immune responses
were measured using protein and real time PCR array analysis from HDF exposed
to sub-lethal concentrations of nanoparticles. Differences in cellular response to
nanoparticles in protein and antioxidant experiments were evident in NF-κB
knockdown cells. All nanoparticles caused concentration-dependent (10-200
ppm), time-dependent (8 h or 24 h), and NF-κB-dependent cell death, as evidenced by membrane integrity-based viability studies. The order of NF-κB/MAPK
response intensity was as follows: Ag>fullerol>QDs> TiO2. ERK1/2 phosphorylation was nearly concurrent with phosphorylation of the NF-κB inhibitor, IKBα, in
Ag, fullerol, and TiO2-treated cells. Phosphorylation of p38 occurred after exposure to all four nanoparticles. Heme oxygenase-1 was upregulated with Ag exposures only. Phosphorylated p38 expression decreased with NF-κB knockdown.
Nanoparticles also caused modulation of genes known to be associated with inflammatory (IL-1, IL-6, IKBKB, and TLR3), immune (CD55 and IFNA1), oxidative stress (HMOX1 and FN1), and apoptotic (NLRC4) responses. The methods
used in the study, along with the resultant data sets, serve as a potential model for
studying the complex pathway-specific biochemical responses in cell and tissue systems associated with nanoparticle exposures.

1293

ASSESSMENT OF HUMAN HEALTH HAZARDS FROM
EXPOSURE TO NEW TECHNOLOGY DIESEL EXHAUST
(NTDE).

T. W. Hesterberg1, C. M. Long2, S. N. Sax2, C. A. Lapin3, W. B. Bunn1, P. A.
Valberg2 and R. O. McClellan4. 1Navistar, Inc., Chicago, IL, 2Gradient,
Cambridge, MA, 3Lapin and Associates, Glendale, CA and 4Toxicology and Risk
Analysis, Albuquerque, NM.
Because of their fuel efficiency and durability, diesel fueled engines are widely used
in commerce throughout the world. Concerns about the particulate emissions from
early diesel engines (Traditional Diesel Exhaust or TDE) stimulated three decades
of research to evaluate health effects of TDE. Several health assessments were conducted by the International Agency for Research on Cancer, the United States
Environmental Protection Agency, and others. These assessments lead to stringent
regulations to limit diesel engine emissions and stimulated improvements in engine
technology, exhaust after-treatment, fuel, and control systems leading to dramatic
changes in diesel emissions (New Technology Diesel Exhaust or NTDE). NTDE is
compared in this paper to TDE emissions. The concentrations of PM, particulate
number, and associated chemicals in NTDE are on the order of 1% or less of that
found in TDE. Exposure of laboratory animals (up to 3 months) and human volunteers (several hours) to NTDE did not produce effects at exhaust dilutions similar to those at which TDE produced marked effects. Evaluation of chemical and
toxicological characterization data indicate that NTDE has a very low human
health hazard potential. As a result, informed policy decisions have been made to
accelerate the replacement of old engines and retrofit of later vintage engines with
new diesel technology. These new scientific findings indicate that any future evaluation of hazards of exhaust from diesel engines, for example the upcoming review
by the International Agency for Research on Cancer, should separately consider
TDE versus NTDE.

1294

EFFECTS OF SURFACE CHEMISTRY ON TOXICITY OF
COPPER NANOPARTICLES.

M. Shi1, Z. Peng1, A. Elder2 and H. Yang1. 1Chemical Engineering, University of
Rochester, Rochester, NY and 2Environmental Medicine, University of Rochester,
Rochester, NY.
Recent years, copper nanoparticles have been widely used in areas such as inks,
coatings, batteries, and facial sprays, etc, and were found to have great antifungal
properties and wound healing potentials, which will increase the exposure of cop-

per nanoparticles to humans. Thus it is important to understand the toxicity mechanism and decrease the potential toxicity of copper nanoparticles. Surface chemistry plays an important part in controlling the physical, chemical, electrical, and
biological properties of nanoparticles. In our study, uniform copper nanoparticles
were treated with selected ligands (mercaptocarboxylic acids with different carbon
chain lengths and thiotic acid-terminated PEG ligand) to achieve suitable surface
properties to control both the dispersity and reactivity. Copper nanoparticles were
well characterized by XRD, TEM, UV-vis,and FTIR, etc. Through surface modification, we successfully transferred copper nanoparticles to aqueous solutions.
Extracellular reactive oxygen species (ROS) assay was carried out for these copper
nanoparticles using 2,7-dichloroflurescein diacetate (DCFH-DA). We observed
strong correlations between surface chemistry and acute reactive oxygen species response. Oxidation kinetics studies showed that different surface chemistry resulted
in different surface oxidation rates of copper nanoparticles. Copper nanoparticles
with faster surface oxidation resulted in much higher ROS level. We found that surface oxidation reactivity of copper nanoparticles related closely to ROS generation.
The toxicity of the copper nanoparticles can be controlled by surface modification
via oxidation reactivity pathway.

1295

CONTRACTILE EFFECTS OF SILVER NANOPARTICLES
ON THE RAT TRACHEAL SMOOTH MUSCLE: ROLE OF
NITRIC OXIDE.

C. Gonzalez1, 2, S. S. Salazar-Garcia1, G. Palestino1, P. P. Martinez-Cuevas1, M.
A. Ramirez-Lee1, B. B. Jurado-Manzano1, H. Rosas-Hernandez1, N. GaytanPacheco1, G. Martel1, R. Espinosa-Tanguma1 and S. F. Ali2. 1Faculty of Chemistry
Sciences, Autonomous University of San Luis Potosi, San Luis Potosi, SLP, Mexico and
2NCTR/FDA, Jefferson, AR.
Silver nanoparticles (AgNPs) have been used to manufacture nanomaterials with
new biophysical properties and functions. However, few experimental approaches
have been used to assess their potential toxic or beneficial effects on human health,
in association with size, concentration and biological target. The aim of this work
was to evaluate the effects of the AgNPs on the rat tracheal smooth muscle. A single
administration of AgNPs did not modify the smooth muscle tone. However, when
the tracheal rings were pre-treated with acetylcholine (ACh), exposure to AgNPs,
resulted in a contractile effect. Simultaneous administration of AgNPs and ACh led
to a slight increase in smooth muscle contractility. AgNPs pretreatment followed by
ACh administration, showed contraction effect induced by ACh after which muscle
tone did not returned to the basal level. This effect was associated with a large production of nitric oxide (NO). The contractile response to the AgNPs induced by
ACh was completely blocked when the tracheal rings were incubated following the
ACh but before the AgNPs administration, with 1400 W (a specific blocker of the
inducible nitric oxide synthase, an enzyme that generates high levels of NO during
hyper-reactivity). The contractile effect was also abolished by atropine, which suggest that AgNPs alter ACh muscarinic receptor signaling, through the activation of
iNOS expression. These data also show that AgNPs modify the contractile action
dependent on ACh-NO, possibly inducing hyper-reactivity of the tracheal smooth
muscle.

1296

PULMONARY TOXICITY ASSESSMENT OF CARBON
NANOTUBES IN MICE AFTER INHALATION
EXPOSURE.

A. Adamcakova-Dodd1, P. T. O’Shaughnessy1, R. Altmaier1, W. Xie1, V. H.
Grassian2 and P. S. Thorne1. 1Occupational and Environmental Health, University
of Iowa, Iowa City, IA and 2Chemistry, University of Iowa, Iowa City, IA.
Carbon nanotubes (CNT) have been used in many industrial applications, there is
a potential for pulmonary exposure especially during manufacturing processes. A
small number of studies have investigated CNT after inhalation exposure. Aim of
this study was to generate dry aerosols of CNT and assess pulmonary toxicity after
inhalation exposure of mice. Commercially available CNT (double-walled nanotubes) were used. The primary dimensions reported by manufacturer were: outside diameter < 5 nm, inside diameter 1.3 – 2.0 nm, length 5-15 μm. Male mice
(C57Bl6/J) were exposed to dry CNT aerosol generated by Solid Aerosol Generator
(SAG 410/U, TOPAS GmgH) for 4 hrs/day for 5 days in a whole-body chamber.
Average concentration of aerosol in the chamber was 17 mg/m3 and the mobility
diameter assessed by a scanning mobility particle sizer (SMPS) in combination with
an optical particle counter was ~ 200 nm. Mice were necropsied immediately post
last exposure (0 wk) or 2 weeks post exposure (2 wks). Bronchoalveolar lavage fluid
(BAL) was analyzed for total and differential cells, total protein, activity of lactate
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dehydrogenase (LDH) and cytokines. Histopathology of the lungs was evaluated.
Total number of cells in BAL was significantly (p<0.01) increased in animals
necropsied at 0 wk post exposure in comparison with sentinels (192 and 99 x 10^3
cells/mouse, respectively). Total cell counts returned to baseline 2 wks post exposure. There was no inflammatory recruitment of neutrophils to the lungs in either
group. The percentage of CNT-laden macrophages in BAL decreased from 78% at
0 wk to 66.5% at 2 wks post exposure, suggesting some clearance of material; however the majority of macrophages were still filled with CNT. Particles were found to
be evenly distributed in the lung tissues immediately post exposure. Masson’s
trichrome stain showed higher collagen deposition at 0 wk in comparison with sentinels or mice necropsied 2 wks post exposure.

caused mitochondrial-dependent apoptotic signals, including the increasing of caspase-3 activity, disruption of the mitochondrial membrane potential, up-regulation
of Bax and down-regulaton of Bcl-2 protein expression, activations of caspase cascades and cleave PARP. Moreover, treatment of L2 cells with SiO2-NPs resulted in
endoplasmic reticulum (ER) stress, such as activating the ER-stress related protein
expression of CHOP, XBP-1, caspase-12, and decreasing the GRP-78/-94 protein
expression. These results suggest that SiO2-NPs trigger an oxidative stress, and induce alveolar epithelial cells apoptosis through mitochondria and endoplasmic
reticulum pathways.

1299
1297

EVALUTION OF PULMONARY TOXICITY RESULTING
FROM NANOPARTICLE EXPOSURE.

R. Silva, C. TeeSy, L. Franzi and K. E. Pinkerton. University of California Davis,
Davis, CA.
Nanotechnologies and products are enabling advancements in medicine, energy,
and commercial products, such as electronics and cosmetics. Multiwalled carbon
nanotubes (MWCNTs) are of special interest due to their unusual tensile strength,
thermal conductivity, and highly marketable electrical properties. At the same time,
morphological similarities of MWCNTs to needle-like asbestos fibers, associated
with several cancerous and non-cancerous lung pathologies, are cause for concern.
To date, only a few studies have investigated MWCNTs in vivo. While workers,
consumers, or the general public may potentially be exposed to nanoparticles
through a number of pathways (e.g., dermal, ingestion, ocular), inhalation, at least
from an occupational standpoint, is likely to be one of the most significant routes
of exposure. The aim of this study was to determine whether exposure to three different formulations of MWCNTs cause lung inflammation and/or cellular injury,
dependent upon dose and physicochemical particle characteristics. The three formulations of MWCNTs used were the original material (o-); a second form with
metals partially removed (p-); and a third form in which the surface was functionalized through carboxylation (f-). To determine a dose response effect of exposure to
MWCNTs, male Sprague Dawley rats were subjected to 0, 10, 50, or 200 μg of
MWCNT via intratracheal instillation. At 1 or 21 days post-exposure, bronchoalveolar lavage fluid (BALF) was recovered for analysis. One day post-exposure
there was a significant difference in the cell differential found in the BAL between
sham controls and those exposed to only the highest dose of all three MWCNT
types due to the influx of neutrophils into the lung airspaces. By 21 days the number of neutrophils in BAL decreased, but still remained significantly elevated above
control values for only o- and p-MWCNTs, while the BAL from animals exposed
to f-MWCNTs returned to sham control levels. These findings suggest modification of the surface of MWCNTs, but not partial metal removal, reduces their toxicity to the lungs.

R. Judson1, S. Marty3, V. Dellarco2 and T. Zoeller4. 1US EPA, Research Triangle
Park, NC, 2US EPA, Washington, DC, 3Dow Chemical Company, Midland, MI
and 4University of Massachusetts, Amherst, MA.
Testing has begun as part of the EPA Endocrine Disruptor Screening Program
(EDSP) Tier 1 battery of 11 in vitro and in vivo tests. A recognized issue with the
EDSP is that the current Tier 1 screening battery is highly resource intensive in
terms of cost, time, and animal usage for the large numbers of chemicals with unknown endocrine potential that need to be evaluated. The significant advances in
both computational and molecular technologies have enabled a more rapid identification of markers for adverse outcome pathways since EPA began work on developing and implementing the EDSP. The EPA is proposing to evolve the EDSP by
incorporating in vitro high-throughput screening (HTS) assays that can rapidly detect potential interactions of chemicals with the estrogen, androgen, thyroid hormone, and steroidogenesis (EATS) pathways. In the near term, incorporating HTS
assays will focus on developing a prioritized list of chemicals for evaluation in the
current Tier 1 battery. Prioritization would continue to take other factors into account, including exposure and use. A longer term goal is to evolve the Tier 1 battery
by fully incorporating HTS assays in order to increase reliance on nonanimal
screens for which there is confidence in their ability to predict in vivo adverse effects. Although the overall approach is reasonable, it is highly provocative and debatable for a number of reasons. On the one hand, this proposal has the potential to
greatly improve the speed, cost effectiveness, and mechanistic specificity of the
EDSP using fewer animals, but on the other hand, there are concerns about reliability and relevance of the HTS assays and lack of full validation (e.g., transferability between laboratory evaluation) metabolic capacity, etc. Our panel of experts will
present the case for and against using this approach and will allow time for open
discussion with the audience.

1300
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SILICA NANOPARTICLES INDUCE CELL DEATH IN
LUNG EPITHELIAL CELLS THROUGH
MITOCHONDRIA AND ENDOPLASMIC RETICULUM
PATHWAYS.

T. Lu1, 2, L. Tsai1, D. Hung3, C. Yen4, C. Su5, C. Huang6, S. Liu7 and Y.
Chen1, 2. 1Graduate Institute of Basic Medical Science, China Medical University,
Taichung, Taiwan, 2Department of Physiology, China Medical University, Taichung,
Taiwan, 3Toxicology Center, China Medical University Hospital, Taichung, Taiwan,
4Department of Occupational Safety and Health, Chung Shan Medical University,
Taichung, Taiwan, 5Department of Otorhinolaryngology, Head and Neck Surgery,
Changhua Christian Hospital, Changhua, Taiwan, 6School of Chinese Medicine,
China Medical University, Taichung, Taiwan and 7Institute of Toxicology, College of
Medicine, National Taiwan University, Taipei, Taiwan.
Silica nanoparticles (SiO2-NPs) are widely used in nanotechnology industry and
applications in various products. Previous studies have indicated that nanoparticles
can induce oxidative stress damage causing cell death. Alveolar type II epithelial
cells are known to be vulnerable to oxidative stress. However, the toxic effect of
SiO2-NPs on alveolar type II epithelial cell damage remains unclear. In this study,
we investigate the effect and possible mechanisms of SiO2-NPs on rat type II epithelial cell line (L2) for 24–48 h. The results showed a decreased in cell viability
and an increased in annexin-V binding in a time- and dose-dependent manner.
Meanwhile, after SiO2-NPs exposure, the amount of silicon uptake and ROS production was correlated with the concentration of SiO2-NPs at 24h, and the lipid
peroxidation level increased in a dose-dependent manner at 48h. SiO2-NPs also

280

SOT 2012 ANNUAL MEETING

EVOLVING THE EPA ENDOCRINE DISRUPTOR
SCREENING PROGRAM: THE CASE FOR AND
AGAINST USING HIGH-THROUGHPUT SCREENING
ASSAYS IN EDSP TIER 1.

IMPROVING CHEMICAL SAFETY ASSESSMENT
THROUGH HARMONIZATION: WHY, HOW, AND
WHEN?

H. Lu1, M. P. Holsapple2, A. Kaplan3, M. K. Manibusan4, A. Boobis5, Y. Gao6
and A. Vekic7. 1Dow AgroSciences LLC, Indianapolis, IN, 2Battelle, Columbus, OH,
3A. Michael Kaplan and Associates LLC, Landenberg, PA, 4US EPA, Washington,
DC, 5Imperial College London, London, United Kingdom, 6Chemical Registration
Center, Ministry of Environmental Protection, Beijing, China and 7National Health
Surveillance Agency, Brasilia, Brazil.
Chemical safety assessment for the protection of human health is not harmonized
globally. Toxicology data requirements and test guidelines that differ across geographies could result in repetition of studies and therefore waste of animals and resources. The other prominent difference is that although exposure and risk assessment are critical components of well-established regulatory frameworks, the
chemical safety regulations differ in several emerging geographies and heavily rely
on hazard-based approaches. What also remains to be discussed is how more harmonized approaches for risk assessment can be achieved globally, considering potential geographic differences in exposure scenarios, and the utility of hazard-based
approaches under certain circumstances. A roundtable session on opportunities for
more harmonized paradigms and practices of chemical safety assessment is both important and timely as emerging geographies are becoming increasingly influential
in the global economy, and several of them are actively developing their regulatory
frameworks. This session intends to provide a unique opportunity for stakeholders
from all over the world, including regulators from emerging geographies, to review
the current status, exchange views on the challenges and opportunities, dialogue on
potential solutions on the basis of sound science in toxicology and risk assessment,

and brainstorm on a path forward. Overall, this session seeks to facilitate the participants to reach mutual understanding of current challenges and opportunities
and collaborate on proposing strategies to achieve more harmonized paradigms and
approaches across geographies.

1301

TESTING OF NANOMATERIALS FOR
GENOTOXICITY—NECESSITY OR WASTE OF TIME?

S. Pfuhler1, A. Nel2, S. H. Doak3, M. Crosby1 and T. Singer4. 1Central Product
Safety, Procter & Gamble, Cincinnati, OH, 2Molecular Screening Shared Resources
UC CEIN, NanoSystems Institute, University of California Los Angeles, Los Angeles,
CA, 3Institute of Life Science, School of Medicine, Swansea University, Swansea,
Wales, United Kingdom and 4Mechanistic Studies Division, Environmental Health
Science and Research Bureau, Health Canada, Ottawa, ON, Canada. Sponsor: C.
Somps.
The selection or use of genotoxicity assays for testing nanomaterials remains a controversial issue. There are published studies indicating that some nanomaterials are
genotoxic in vitro as well as in vivo, yet there are many unknowns and confounding
factors that impact our ability to come up with the right approach. Genotoxicity
tests were designed for testing chemicals and may not be suitable for the screening
of particulate material. Furthermore, the classical direct interaction of a chemical or
its metabolite with DNA, which our assays are optimized for, will not play a role in
the majority of nanomaterials. Because we are still learning about the mechanisms
by which nanomaterials can exert genotoxic effects, we can see a clear pattern evolving from acute and chronic toxicity studies. The bulk of nanomaterials that caused
toxic effects seem to induce inflammatory processes that will generate oxidative
stress. DNA damage triggered by inflammatory processes that is viewed quite differently in risk assessment, and the question of whether a material triggers genotoxic activity directly or through a threshold mechanism has a huge impact on public health decisions. How should this impact the selection of our assays? Does the
performance of standard genotoxicity assays make sense at all? As the scientific
community is facing the challenge of conducting hazard/risk assessments on nanomaterials today, guidance is desperately needed. Our panel of experts will share recent data in order to fuel discussion and seek consensus as to whether standard in
vitro and in vivo genetox assays should have a place in the assessment of these materials, whether additional assays should be added on, or whether we are in need of a
paradigm shift for this class of materials.

1302

IRRITATION SCREENING IN VITRO: PREVALIDATION
ACTIVITIES FOR THE IRE (ISOLATED RABBIT EYE)
ASSAY.

M. J. Olson1, C. Seaman2, F. Guerriero1, A. Whittingham3, A. Else3, E.
Adriaens4, R. Guest3 and W. Hawkins2. 1EHS, GSK, Research Triangle Park, NC,
2EHS, GSK, Ware, Herts., United Kingdom, 3Harlan Laboratories, Shardlow, Derbs.,
United Kingdom and 4Adriaens Consulting, Aalter, Belgium.
Identification of irritants is fundamental in characterizing chemical site-of-contact
hazards. A comprehensive review of 4 organotypic assays for detection of eye irritation (ICCVAM, 2005) provided impetus for validation and adoption by OECD of
test methods for conduct of the BCOP (Bovine Corneal Opacity) and ICE
(Isolated Chicken Eye) assays as means for identification of severe irritants. One
promising method, the IRE, was less well characterized as to predictive capabilities
but may offer potential advantages compared to BCOP and ICE, e.g., enhanced
comparison with historical in vivo data in rabbit, high quality and initial viability of
specimens, multiple discrete quantitative endpoints. With application of a uniform
assay protocol and scoring criteria initial evaluation of 45 substances showed sensitivity of 83% (77% for solids, 100% for liquids) and specificity of 71% overall
(92% solids, 38% liquids). To further assess performance of the IRE we have conducted a 2 phase study with 44 additional substances selected from ECETOC or
ICCVAM validation databases. Outcomes have stimulated development of a refined model for classifying the multi-endpoint IRE results as predictive of 3 GHS
ocular irritation categories (Cat. 1, 2, and not classified). Using this model for scoring of results followed by concordance assessment with available in vivo data suggested: 1) generally high sensitivity and specificity with a tendency to under-predict
the irritant nature of some solids, 2) excellent reproducibility between independent
replicate experiments, 3) the applicability domain, although broad, may exclude
substances acting via macromolecular binding and sparingly soluble solids or those
solids acting in part by physical irritation, 4) histology corroborates and may refine
conclusions reached by observation of corneal swelling, opacity, and fluorescein
staining. This presentation will trace the history of the IRE and survey its readiness
status for consideration of formal validation.

1303

INTER-LABORATORY STUDY OF THE
REPRODUCIBILITY OF THE BOVINE CORNEAL
OPACITY AND PERMEABILITY ASSAY:
INVESTIGATIONS OF SOLID TEST SUBSTANCES.

K. Norman1, A. Schrage2, S. N. Kolle2, M. C. Rey Moreno2, B. van
Ravenzwaay2, R. Landsiedel2 and H. Raabe1. 1Institute for In Vitro Sciences,
Gaithersburg, MD and 2BASF SE, Ludwigshafen, Germany.
The Bovine Corneal Opacity and Permeability Assay (BCOP) is an ex vivo assay
which may be used to assess the eye irritation potential of new chemicals and finished products. The BCOP assay has been accepted by several regulatory agencies
for the identification severe and corrosive ocular irritants, replacing the rabbit eye
test. According to OECD Test Guideline 437 two treatment protocols may be used;
one for liquids and one for solids. Solids are tested as 20% (w/v) solutions or suspensions in deionized water. Freshly excised bovine corneas are mounted in special
corneal holders and are treated with the 20% (w/v) test material dilutions for four
hours at approximately 32°C. Changes in corneal opacity are measured using an
opacitometer, and impairment of the corneal barrier function is determined by
measuring fluorescein passage through the corneas. Histological evaluation of the
treated corneas may be used to determine the degree and depth of injury at the tissue level. In this study, the reference standard solids recommended in the OECD
TG 437 were tested in an inter-laboratory study. Overall, the results from the evaluation of solids were highly congruent between the two laboratories and to the historical data and for several substances histological evaluation improved the understanding of eye irritation effect. However, for chlorhexidine and
dibenzoyl-L-tartaric acid there were inter-laboratory differences which were further
evaluated. For chorhexidine, differences in results were attributed to different
sources of the chemical. This study demonstrates the reproducibility of the BCOP
assay when evaluating solid test substances. In parallel, the study compared the
opacity scores from a newly developed opacitometer (BASF-OP2.0) to those of the
standard device (OP-KIT). The comparison between the BASF-OP2.0 and OPKIT demonstrated that the BASF-OP2.0 showed very little variability and overall
corresponded very well with the OP-KIT values.

1304

CONSIDERATIONS FOR DEMONSTRATING THE
INTER-LABORATORY RELIABILITY OF THE BOVINE
CORNEAL OPACITY AND PERMEABILITY ASSAY
(BCOP) AND CHORIOALLANTOIC MEMBRANE
VASCULAR ASSAY (CAMVA).

G. Mun1, N. Wilt1, D. A. Donahue2, J. Avalos2, K. Norman1, A. Hilberer1, F.
Simion2 and H. Raabe1. 1Institute for In Vitro Sciences, Gaithersburg, MD and 2Kao
Brands Company, Cincinnati, OH.
In vitro assays evaluating ocular irritation potential are regularly used by personal
care companies. Two of these in vitro assays include the Chorioallantoic Membrane
Vascular Assay (CAMVA) and the Bovine Corneal Opacity and Permeability Assay
(BCOP). These assays do not require the use of live animals, provide reliable predictive data and are rapid to conduct. The BCOP uses excised bovine corneas to
predict ocular irritation. The CAMVA uses the vascular network of fertilized
chicken eggs as a conjunctival model to predict eye irritation. Both BCOP and
CAMVA have been used for over fifteen years for product development, worker
safety, and safety claims substantiation. This study presents the procedures and considerations for demonstrating the inter-laboratory reliability of the BCOP and
CAMVA. It is important to have a valid assay that can be implemented consistently
at several different laboratories. For Kao Brands Company, a large BCOP and
CAMVA database exists that covers multiple consumer product categories such as
hair shampoos, skin cleansers, and hair styling sprays (containing ethanol).
Therefore, a proper review of candidate laboratories is important for seamlessly
generating consistent results that can be used for assessing potential ocular irritation
of new products. First, a candidate laboratory should be audited for proper facility
operation and personnel training. Second, the laboratory’s use of Good Laboratory
Practices (GLPs) should be reviewed. Third, reference materials with known BCOP
and CAMVA data (one irritant and two non-irritants for initial assessment) should
be tested at each new laboratory for verification of proper assay performance.
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COMPARISON OF A NEWLY DEVELOPED HUMAN
CORNEAL FULL-THICKNESS EYE IRRITATION TEST
(EIT) AND THE BOVINE CORNEAL OPACITY AND
PERMEABILITY (BCOP) ASSAY.

L. d’Argembeau-Thornton, M. Klausner, H. Kandarova, P. J. Hayden and Y.
Kaluzhny. MatTek Corp, Ashland, MA.
Human reconstructed tissue models have been suggested for incorporation into a
tiered testing strategy to replace the Draize eye irritation test (OECD TG 405).
One candidate model is the EpiOcular tissue model (OCL-200) which is an organotypic model of the human corneal epithelium. The EpiOcular-EIT, developed to
discriminate between ocular irritants (“I”, GHS cat 1 and 2) and non-irritants
(“NI”, GHS no category), was shown to have a high level of sensitivity, specificity,
and accuracy (98.1%, 72.9% and 84.8%, n=112 test articles) and its regulatory acceptance is pending. A newly developed Human Corneal Full-Thickness (hCFT)
model may allow even more accurate and reliable evaluation of ocular irritants (including tissue recovery following chemical insult) due to utilization of human
corneal cells and the presence of stromal and endothelial layers. Test articles (TA,
n=54) from the BCOP validation study (used to validate the BCOP for the identification of corrosive and severe ocular, GHS category 1, irritants) were tested using
the hCFT-EIT. For the 54 TA, BCOP had a sensitivity, specificity, and accuracy of
92.3, 57.1, and 74.1%, respectively, while performance of the hCFT-EIT was
100.0, 71.4, and 85.2%, respectively. In addition, the hCFT model was used to assess tissue recovery following exposure to increasing concentrations of surfactants
and TA spanning the range of irritancy. Significant recovery at 24 and 48 hours (up
to 80% and 100%, respectively) was observed for “NI” chemicals. Together, the
EpiOcular-EIT and hCFT-EIT will allow industry to comply with current legislation and address multiple concerns including consumer safety, animal welfare, and
testing cost.

1306

USE OF CONFOCAL MICROSCOPY TO EXAMINE
ULTRA-MILD OCULAR IRRITATION IN CULTURED
PORCINE CORNEAS.

M. Piehl, M. R. Carathers, G. L. DeGeorge and D. R. Cerven. MB Research
Laboratories, Spinnerstown, PA.
Confocal microscopy allows for “optical histological” sectioning of a living tissue
such as the cornea to determine tissue viability within the corneal epithelium without the lengthy process of traditional histology. We have developed a novel assay,
PorFocal, which uses cultured waste porcine corneas from the meat industry to
assay individual corneal cell death with high sensitivity due to a confocal microscopy endpoint. In PorFocal, test substances are placed directly onto living
corneal tissue in culture; therefore, solubility of the test substance is irrelevant.
PorFocal cultured corneas are maintained in a living state for 7 days with daily application of the test substance. This multiple-exposure dosing schedule allows for
quantification of extremely mild ocular cell death with additive effects over time.
These additive effects are then measured by quantification of individual stained
dead cells within the corneal tissue by confocal microscopy. Corneal tissue is imaged in an “optical histological” manner where a series of image “slices” are acquired
at increasing depths into the corneal tissue. The images can then be digitally reconstructed to display the entire corneal tissue volume imaged. Six cultured corneas per
test material were treated with Phosphate Buffered Saline (PBS, negative control),
or 10-fold dilutions of Benzalkonium chloride (BAC; 0.1%, 0.01%, and 0.001%)
or Sodium Dodecyl Sulfate (SDS; 0.5%, 0.05%, and 0.005%). Corneas were dosed
topically with 50-μL of test substance daily for 7 days. On day 8, corneas were
stained with dead cell stain and imaged using confocal microscopy. All dead cells
were counted for each tissue field and statistical analysis was performed using
ANOVA. Test substances dosed at 10-fold dilutions were statistically significant
(p<0.001) in a dose dependant manner. These data demonstrate the potential sensitivity of the PorFocal assay.

1307

DEVELOPMENT OF THE REPLACEMENT OCULAR
BATTERY TIER 1—CHORIOALLANTOIC MEMBRANE
VASCULAR ASSAY.

D. R. Cerven, D. Hall and G. L. DeGeorge. MB Research Laboratories,
Spinnerstown, PA.
As the initial tier of the Replacement Ocular Battery (ROBATT) – a tiered testing
strategy for regulatory classification of ocular irritation without the use of live animals–the Chorioallantoic Membrane Vascular Assay (CAMVA) was used to screen
the ocular irritation potential of 52 chemicals with known levels of severity ranging
from non-irritant to corrosive. Changes to the vasculature of the Chorioallantoic
Membrane (CAM) were evaluated and a reference value (RC50) computed for each
test chemical. Individual animal data from the ECETOC database were available
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for 37 of the 52 chemicals. Fifteen chemicals were selected after consultation with
representatives of the US EPA and US FDA. Basic US EPA classification information was available for these materials but individual animal data were not. Based on
the results of the CAMVA screen, 30 chemicals with irritating potential will advance for further evaluation in the Bovine Cornea Opacity and Permeability Assay
(BCOP). These chemicals are expected to be in the moderate to corrosive range of
ocular irritancy. Twenty-two chemicals with slight to non-irritating potential will be
evaluated in the Porcine Confocal Assay (PorFocal). These chemicals are expected
to be in the non-irritating to slightly irritating range. Initial comparison of the
CAMVA screen results with ECETOC and FIFRA data indicated evidence of overprediction (5 of 30) for moderate - corrosive chemicals and under-prediction (3 of
22) for slight - nonirritating chemicals. Since the ROBATT is a multi-tiered test
system, all test chemicals will be evaluated in at least two models before being classified into an appropriate regulatory corrosive category. ROBatt is a two-year research grant funded by the NIH and US FDA to develop a tiered testing strategy of
alternatives to replace the need for using live rabbits in ocular irritation classifications.

1308

PROTOCOL REFINEMENT OF THE BOVINE CORNEAL
AND OPACITY PERMEABILITY (BCOP) TEST FOR EYE
IRRITATION.

G. Costin1, J. Barroso2, H. Raabe1, R. Curren1, J. R. Nash1, A. Kong1 and V.
Zuang2. 1Institute for In Vitro Sciences, Inc. (IIVS), Gaithersburg, MD and
2European Commission (Joint Research Centre), Ispra, Italy.
Improvement of ocular irritancy prediction using a modified (shortened) 3-minute
exposure in the BCOP assay was proposed for alcohols and ketones, which have
been identified by ICCVAM as responsible for the most over-predictions in the
BCOP. Eight alcohols and six ketones were tested using both the modified and the
standard 10-minute exposure, and the data were compared with the GHS categories from the ICCVAM database. The evaluation of the 3-minute exposure data
revealed that five of the 6 over-predicted alcohols showed an improved prediction,
and of the 2 correctly predicted alcohols, one became an under-prediction and one
remained the same. Two of the five over-predicted ketones showed an improved
prediction, with the three other remaining the same. The one correctly predicted
ketone remained the same. The results of the evaluation of the modified BCOP
assay using the 3-minute exposures for alcohols and ketones suggest that improvements in the predictive capacity of the assay can be achieved by reducing the overprediction of these small molecule, solvent-type chemicals, without an adverse impact upon the rate of under-prediction of similar chemicals. It is our
recommendation that a) additional small molecule alcohols and ketones exhibiting
solvent-like physical characteristics should be tested in the BCOP assay using the 3minute (or shorter) and 10-minute exposures, and b) prior to any additional testing
a more thorough evaluation of the supporting rabbit ocular irritation data be conducted to ascertain whether the correct standards are being used to calibrate the
assay.
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PREDICTING EYE IRRITATION OF AGROCHEMICAL
FORMULATIONS ACCORDING TO DIFFERENT
CLASSIFICATION SCHEMES BY IN VITRO METHODS
(BOVINE CORNEAL OPACITY AND PERMEABILITY
AND EPIOCULAR EYE IRRITATION TEST).

A. van Cott2, S. N. Kolle1, T. Knieriem3, W. Mayer3, A. Buechse3, C. Rey
Moreno1, B. van Ravenzwaay1 and R. Landsiedel1. 1Experimental Toxicology and
Ecology, BASF SE, Ludwigshafen am Rhein, Germany, 2Agrochemicals Regulatory
Toxicology, BASF Corporation, Research Triangle Park, NC and 3Agrochemicals
Formulation Development, BASF SE, Ludwigshafen am Rhein, Germany.
The bovine corneal opacity and permeability (BCOP) test has been adopted by
OECD for the identification of corrosive and severe ocular irritants (GHS category
1) for single component substances and multi-component formulations. Eye irritation tests with human (EIT) reconstructed tissue models (such as EpiOcular) were
capable to predict ocular non-irritants (GHS no category). Thus the ultimate repaltement of the Draize rabbit eye irritation test (OECD TG 405) by a combined or
tiered testing strategy could be possible.
The purpose of this study was to evaluate whether the BCOP with additional
corneal histology together with the EIT could be used to predict eye irritancy of
agrochemical formulations according to different classification schemes including
UN GHS and EPA systems. We have performed the BCOP (plus histology) and
the EIT of 50 agrochemical formulations for which in vivo eye irritation data were
already available (for registration purposes). Using the OECD TG guideline evaluation scheme for opacity and permeability in the BCOP was not predictive for the
agrochemical formulations assessed here, while corneal histology grades and the
EpiOcular tissue viabilities were useful predictors of eye irritancy potencies and
could be applied for the different classification schemes.
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PREVALIDATION OF THE ISOLATED RABBIT EYE
ASSAY.

C. W. Seaman1, M. J. Olson1, F. Guerriero1, E. Adriaens2, R. Guest3, A.
Whittingham3, A. Pooles3 and A. Els3. 1EHS, Glaxosmithkline, Ware,
Hertfordshire, United Kingdom, 2Adriaens Consulting, Aalter, Belgium and 3Harlan
Laboratories, Derby, United Kingdom.
Two organotypic assays for detecting severe ocular irritant effects of chemicals,
Bovine Corneal Opacity, BCOP and the Isolated Chicken Eye, ICE, have achieved
full validation status and entry into the OECD test methods framework. A similar
method, the Isolated Rabbit Eye assay, IRE, is also used as a screen for detecting ocular irritants, but requires an expanded dataset to more positively suggest readiness
for formal validation. In order to address questions raised in the previous assessment, a preliminary study (Olson M, 2010) was conducted to assess refinements of
the IRE protocol and of the prediction model. A scoring scheme for histopathological analysis was also developed. This presentation will describe the outcome of the
main study using 23 chemicals drawn from the ICCVAM Recommended Test
Substances List covering liquids and solids, and a range of irritancy categories,
chemical classes and toxicological modes of action. The revised protocol used a 5second application time for liquids and 10-second for solids and assessments were
made of corneal swelling, opacity, fluorescein uptake, appearance of the tissues and
histopathology. A prediction model following a logic tree approach, with a primary
endpoint of swelling, then considering opacity and fluorescein uptake, was used to
identify irritating chemicals. In the resulting concordance analysis, overall accuracy
was ca 74%. All category 1 liquids were correctly identified, but there was some
under-prediction of irritancy class for some solid materials (25%). One liquid was
over-predicted with respective to GHS categorisation. Preliminary analysis shows
that the histopathology outcome was concordant with observations made for
swelling and other endpoints and that standard H&E staining was adequate to discriminate damage to both superficial and deeper tissue layers.
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CDER RECOMMENDATIONS FOR OCULAR
IRRITATION TESTING IN THE 21ST CENTURY.

J. C. Merrill, B. A. Hill and A. C. Jacobs. CDER US FDA, Silver Spring, MD.
CDER’s safety evaluation of drug products relies on an integrated nonclinical/clinical risk analysis process. For dermal drug products applied topically to the skin, the
potential for inadvertent eye exposure requires that this include an evaluation of eye
irritation potential to adequately inform consumers of the risk inherent in dermal
use. Any clinical data on ocular/dermal toxicity or lack thereof will always supersede nonclinical data in this process. Generally predictions for toxicity to the eye
may be predicted from toxicity to the skin for dermally applied products. However,
sponsors may wish to conduct a separate evaluation to screen for serious irreversible
eye effects. CDER considers the Bovine Corneal Opacity and Permeability
(BCOP) assay to be adequate for assessing the potential for severe irritation and
corrosivity of such drug products, provided the assay is conducted according to the
ICCVAM-recommended protocol (http://iccvam.niehs.nih.gov/docs/ocutox).
(Note: Drug products intended for direct ocular instillation are specifically excluded from this discussion.) Responses in an appropriately conducted BCOP
assay, including nonsevere responses, will not need to be confirmed in a subsequent
in vivo rabbit test. Although previously conducted Draize tests will still be reviewed, CDER does not consider the Draize eye or skin test to be either necessary
or appropriate for regulatory testing of drug/biologic products. Details concerning
the BCOP protocol, including the recommended use of concurrent positive and
negative controls and the optional use of an appropriately selected benchmark substance, will be discussed. Important considerations in the recommended risk analysis process will also be provided.
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LUSENS: A STABLE ANTIOXIDANT RESPONSE
ELEMENT-DEPENDENT REPORTER GENE CELL LINE
FOR DETECTION OF SKIN SENSITIZERS.

T. Eltze1, C. Bauch2, 1, T. Ramirez1, S. N. Kolle1, B. van Ravenzwaay1, A.
Mehling3, C. J. Wruck4 and R. Landsiedel1. 1Experimental Toxicology and Ecology,
BASF SE, Ludwigshafen am Rhein, Germany, 2Faculty of Life Sciences, University of
Manchester, Manchester, United Kingdom, 3BASF Personal Care and Nutrition
GmbH, Düsseldorf, Germany and 4Universitätsklinikum, RWTH Aachen, Aachen,
Germany.
Testing the potential sensitizing capacity of chemicals is currently done by using the
murine local lymph node assay (LLNA). Animal welfare and EU cosmetics directive demands alternative methods to animal tests. The purpose of this study was to
establish an in vitro assay for the prediction of skin sensitizers. Based on the finding

that the majority of skin sensitizers are electrophilic or have the potential to be metabolized to electrophilic substances, it is assumed that they can activate the Nrf2Keap1-antioxidant response element (ARE) regulatory pathway.
Here, we report the results obtained from the LuSens assay that detects electrophilic
chemicals using the Nrf2 pathway. The cell line LuSens was derived from immortalized keratinocyte HaCaT cells and carries a luciferase reporter gene under the
control of an ARE-element from the rat NADPH quinone reductase NQ1. The
LuSens assay was in house validated with a panel of 54 chemicals and cosmetic ingredients including the 22 performance standard substances of the local lymph
node assay.
The predictivity of this assay was compared to the predictivity of the murine LLNA
and to human patch test data and can be considered as reliable screening approach
(accuracy of 83% compared to human data). However, in order to cope with the
complex multi-step mechanism of skin sensitization, an integrated approach of in
vitro assays mimicking several steps was designed; thereof, the ARE-dependent gene
activation represents one module.
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METABOLIC CHARACTERIZATION OF DERMAL
SYSTEMS: KERATINOCYTES, 3-D SKIN MODELS, AND
NATIVE HUMAN SKIN.

V. Blatz1, C. Jäckh1, E. Fabian1, B. van Ravenzwaay1, K. Reisinger2 and R.
Landsiedel1. 1Experimental Toxicology and Ecology, BASF SE, Ludwigshafen am
Rhein, Germany and 2Henkel AG & Co. KGaA, Düsseldorf, Germany.
In recent years reconstructed human skin equivalents (RHEs) increasingly gain attention as in vitro models for toxicity testing. Their benefits are i.a. an organ-like
3D structure and a human cell origin. Regulatory accepted methods already exist
using RHEs to address endpoints like irritation and corrosion. The suitability of
RHEs for other endpoints for which, metabolic activation of xenobiotics might be
required (e.g., genotoxicity and sensitization) is still tentative. In this context, we
investigated enzyme activities of oxidizing (CYP; FMO; ADH; ALDH) and conjugating enzymes (NAT; UGT) in four dermal in vitro systems: such as keratinocytes
(KC) and RHEs (epidermis model EpiDerm (MatTek), full-thickness (FT) models
EpiDermTMFT (MatTek) and PhenionFT (Henkel AG)) in comparison to human
skin. CYP 1A, 2B and 3A activities were measured fluorometrically by oxidative desalkylation of alkoxyresorufines. FMO 1/3 activities were measured by N-oxygenation of benzydamine, detected by HPLC/FLD. ADH and ALDH activities were
evaluated by photometrical detection of NADH generation during ethanol or
propanal oxidation. Acetylation of p-aminobenzoic acid, a model substrate for
NAT1, was followed by HPLC/UV. UGT1 activity was determined by glucuronidation of methylumbelliferone quantified fluorimetrically. CYP activity remained below the detection limit in all used systems. Compared to human skin the
in vitro models showed following enzyme activities: KC: FMO (0); ADH (-);
ALDH (=); NAT (-); UGT (0); EpiDerm: FMO (=); ADH (0); ALDH (-); NAT
(+); UGT (+); FTmodels: FMO (=); ADH (=); ALDH (-); NAT (+); UGT (=); (0)
not detected; (=) comparable; (+) higher; (-) lower. Since the metabolic competence
of RHEs is confirmed, these in vitro systems are evaluated to be suitable for further
toxicity tests, e.g., genotoxicity by Comet assay. However, the determined metabolic profiles should be taken into account for the data assessment.
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FUNCTIONAL VALIDATION OF THE KERATINOSENS
CELL LINE TO SCREEN SKIN SENSITIZERS.

G. Adamson1, R. Emter2, G. Ellis3 and A. Natsch2. 1Global Regulatory Affairs &
Product Safety, Givaudan US, East Hannover, NJ, 2Bioscience, Givaudan Schweiz
AG, Duebendorf, Switzerland and 3Global toxicology, Givaudan Schweiz AG,
Vernier, Switzerland.
The KeratinoSens assay has been developed as a rapid screening to test for the skin
sensitization potential of chemicals. It is based on a luciferase reporter gene under
the control of the antioxidant response element cloned from the aldoketoreductase
gene AKR1C2. Its transferability, reproducibility and predictivity have been investigated in detail and it is the first cell-based in vitro assay for skin sensitization under
peer-review at ECVAM for pre-validation. Here we functionally validate the
KeratinoSens cell line in more detail: Using small interfering RNA (siRNA) experiments, the involvement of Nrf2 as the key transcription factor for the induction of
luciferase activity by sensitizers was proven, verifying that the recombinant cell line
specifically reflects the Nrf2-response. The sensitizer-induced luciferase gene expression was compared to the induction of endogenous Nrf2-dependent genes at
RNA level. Induction of the luciferase gene parallels the induction of endogenous
Nrf2-dependent genes, indicating that it indeed can replace the screening of endogenous genes. Finally, we investigated the induction of alternative molecular
markers induced by skin sensitizers in keratinocytes by RT-PCR and the involvement of Nrf2 for their induction was investigated with siRNA experiments. These
results functionally validate the KeratinoSens cell line as a rapid screening tool to
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assess the skin sensitizer-induced Nrf2-response in keratinocytes. They indicate that
screening in this cell line may circumvent the use of more expensive and variable
methods directly targeting expression of native Nrf2-genes.
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IN VITRO DETECTION OF CONTACT ALLERGENS:
PROTOCOL DEVELOPMENT AND SUCCESSFUL
INTERNATIONAL RING STUDY USING HUMAN
PERIPHERAL BLOOD MONOCYTE-DERIVED
DENDRITIC CELLS.

A. G. Schepky, J. Spieker, S. Gerlach, H. Wenck and H. Reuter. 4218-Research
Toxicology, Beiersdorf AG, Hamburg, Germany.
Allergic contact dermatitis is a delayed T-cell mediated allergic response. Until now
animal experiments (e.g. the local lymph node assay) are supplying most of the data
used to assess the sensitization potential of new chemicals. However, the 7th
amendment to the EU Cosmetic Directive will introduce a testing ban for cosmetic
ingredients after 2013. In vitro alternative methods are thus being actively developed. Although promising results have been obtained with cell lines, their reduced
functionality and inherent genomic instability led us to reinvestigate the use of peripheral blood monocyte-derived dendritic cells (PBMDCs) for the establishment
of a reliable in vitro sensitization test. To solve the issues associated with the use of
primary cells, the culture and exposure conditions (cytokine concentrations, incubation time, readout, pooled vs. single donors and cytoxicity) were re-assessed and
optimized. Here we propose a stable and reproducible protocol based on PBMDCs.
In the meantime 54 substances are tested which resulted in a assay specificity and
sensitivity of 78% respectively. Wider acceptance and feasibility of PBMDCs for
the reliable detection of human skin sensitizers were tested in an international ring
study. The excellent concordance of the data measured in the different ring study
labs will be presented.
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ECVAM VALIDATION OF SKIN SENSITIZATION
ALTERNATIVES: PROGRESS UPDATE.

D. Basketter1, E. Adriaens2, P. Aeby3, S. Aiba4, N. Alépée5, A. Angers-Loustau6,
T. Ashikaga7, T. Cole6, G. Gerberick8, S. Hoffmann9, J. Ovigne10, J.
Richmond11, H. Sakaguchi12 and S. Casati6. 1DABMEB Consultancy Ltd,
Sharnbrook, United Kingdom, 2Adriaens Consulting, Aalter, Belgium, 3Colipa,
Brussels, Belgium, 4Tohoku University, Sendai, Japan, 5L’Oréal Research, Aulnaysous-Bois, France, 6European Commission, Ispra, Italy, 7Shiseido, Yokohama, Japan,
8Procter & Gamble, Cincinnati, OH, 9SEH Consulting & Services, Köln, Germany,
10Episkin™—L’Oréal, Lyon, France, 11Dr. Jon Richmond: Advice and Consultancy,
Kirkcaldy, United Kingdom and 12Kao Corporation, Tochigi, Japan.
Recent progress with nonanimal models in skin sensitization toxicology has resulted in the development of mechanistically based test methods which could make
a valuable contribution to the replacement of the existing animal tests as requested
by the European Regulations on cosmetics and chemicals. These approaches comprise the Direct Peptide Reactivity Assay (DPRA), the Myeloid U937 Skin
Sensitization Test (MUSST) and the human Cell Line Activation Test (h-CLAT).
Each of these test methods has been the subject of substantial evaluation including
inter-laboratory assessments, and their status of development has led to their acceptance by ECVAM for inclusion in a Validation Study in which the three test
methods are challenged with a set of coded chemicals, in at least three laboratories
each, for the assessment of the within- and between-laboratory reproducibility.
Results from the DPRA were delivered in late in 2011 and are currently under peer
review. Results from the cell based assays are expected to be delivered during
Spring/Summer 2012. Assuming a successful outcome, future activity will require a
consideration of how to deploy these assays, perhaps in combination with other
methods currently under review at ECVAM (eg KeratinoSens) in a structured assessment of skin sensitization potential. However, a challenge also remains insofar
as these methods currently may be better suited to hazard identification; their capacity to provide potency information on identified skin sensitizing chemicals has
yet to be adequately assessed.
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VALIDATION OF A GENE LIST PREDICTIVE FOR SKIN
SENSITIZATION IN HUMAN KERATINOCYTES.

J. van der Veen1, 2, T. Pronk1, 2, H. van Loveren1, 2 and J. Ezendam1. 1GBO,
RIVM, Bilthoven, Netherlands and 2Toxicogenomics, Maastricht University,
Maastricht, Netherlands.
In response to the changes in the EU legislation for safety testing of chemicals the
demand for in vitro methods to replace current animal testing has greatly increased.
This is also true for skin sensitization testing. The applicability of in vitro gene ex-
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pression profiling in human keratinocytes to identify skin sensitizers is being pursued. A gene profiling study in the HaCaT keratinocyte cell line was performed and
the gene expression data were used to extract a short predictive gene list. It was
shown that a list of 12 genes was able to identify skin sensitizers with 96% accuracy
using the classifier algorithms of random forest, support vector machine and PAMr. Pathway analysis using ToxProfiler showed the importance of the Nrf2-Keap1
and Toll-like receptor (TLR) signaling pathways. The predictive gene list contained
genes associated with these pathways. To validate this gene list HaCaT cells were exposed to 29 compounds. In addition to sensitizers and irritants, chemicals were included that have been proven difficult to classify in vivo, such as surfactants.
Moreover, the specificity of the gene list for skin sensitizers was evaluated by including compounds that activate the Nrf2 and TLR pathways. Analysis using the
SVM classifier algorithm showed a prediction accuracy of 89.7% when only sensitizers and irritants were included. Further analysis showed that TLR ligands were
correctly identified as nonsensitizers. However, Nrf2 activating compounds were all
wrongly classified as sensitizers, showing that the gene list was biased towards Nrf2
activation. It can be concluded that in the validation of a predictive gene list for
skin sensitization or other toxicological endpoints, it is crucial to include compounds that activate the identified molecular pathways. By including additional parameters, such as physical-chemical characteristics of the compound, the prediction
accuracy of the gene list can be improved and applied in an integrated testing strategy.
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DEVELOPMENT OF A NEW IN VITRO SKIN
SENSITIZATION ASSAY USING RECONSTRUCTED
HUMAN EPIDERMIS (EPISENSA).

K. Saito, Y. Nukada, O. Takenouchi, M. Miyazawa, H. Sakaguchi and N.
Nishiyama. Kao Corporation, Tochigi, Japan. Sponsor: J. Avalos.
With animal welfare concerns and regulatory restrictions on animal testing, in vitro
assays evaluating the skin sensitizing potential of cosmetic raw materials are being
developed. These assays are focused on cell activation or protein binding properties
of the chemical. However, some limitations (e.g., lipophilic substances, pre/prohaptens, mixture) exist in these in vitro methods that need to be overcome in order
to fully replace animal tests. Recently, we developed a new in vitro skin sensitization
assay using reconstructed human epidermis (Epidermal Sensitization Assay;
EpiSensA) based on the expression of redox-related genes. In this study, we assess
the utility of selected marker genes using 96 well format of EpidermTM (EPI296) to
develop a high throughput compatible assay that may replicate an animal test in test
material capacity and solvent flexibility. We evaluated 12 sensitizers including
pre/pro-haptens (e.g., cinnamic aldehyde, isoeugenol) and 4 nonsensitizers (e.g.,
lactic acid, sodium lauryl sulfate), which are reported as reference chemicals for developing in vitro skin sensitization assays (Casati, et al., 2009). After EpidermTM tissue was exposed to chemicals for 6 hours, the expression of several redox-related
genes (e.g., activation transcription factors (ATF3), DnaJ homolog subfamily B
member 4 (DNAJB4),) was quantitatively analyzed by real-time PCR. 7 selected
genes were upregulated (over 3-fold) by at least 6 tested sensitizers. Among 7 selected genes, ATF3 or DNAJB4 were significantly (4- or 3-fold) upregulated by 12
or 11 tested sensitizers, respectively, while neither of them were significantly upregulated by 4 tested nonsensitizers. These data suggested that EpiSenA, based on the
specific gene expression changes in 96 well format of EpidermTM, is a high throughput compatible skin sensitization assay with a broader applicability domain of raw
materials including pre/pro-haptens.
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A NOVEL HUMAN T-CELL PRIMING ASSAY FOR THE
IDENTIFICATION OF CONTACT SENSITIZERS.

P. R. Esser1, S. S. Schmucker2, L. Dietz3, H. Thierse3, A. Richter2 and S. F.
Martin1. 1Allergy Research Group, University Freiburg Medical Center, Freiburg im
Breisgau, Germany, 2Miltenyi Biotech GmbH, Bergisch Gladbach, Germany and
3Research Group for Immunology & Proteomics, Department of Dermatology and
University Medical Center Mannheim, University of Heidelberg, Mannheim,
Germany. Sponsor: M. Pallardy.
Background: The replacement of animal testing for the identification of skin and
respiratory sensitizers by alternative in vitro methods is urgently needed. One hallmark of sensitizers is the induction of T-cell activation. Our goal was the development of a human T-cell priming assay (hTCPA) within the EU-project Sens-it-iv to
identify potential contact sensitizers, to asses their potency and to improve the discrimination between sensitizers and irritants. Method: Autologous sorted naive
human T-cells are primed with autologous dendritic cells (DCs). Contact allergens
are either added to the culture or DCs are directly chemically modified. Another
approach is to load DC with protein-allergen conjugates. Allergen-specific restimulation is performed and T-cell proliferation and cytokine production are used as

readouts to determine allergen specific T-cell responses. In addition, primed T-cells
are used in a flow cytometry based cytotoxicity assay to identify the T-cell mediated
killing of antigen loaded DCs. Result: In vitro priming of naive human T-cells with
DC and contact allergens results in antigen-specific CD4+ and CD8+ T-cell responses that allow in vitro identification of contact sensitizers as determined both
by intracellular cytokine staining and analysis of T-cell proliferation. In addition,
the same protocol used for priming is able to generate antigen specific cytotoxic Tcells, thereby enabling T-cell mediated cytotoxicity as determined by FACS analysis
as a highly sensitive additional readout. Conclusion: The human T-cell priming
assay is a highly specific and promising in vitro test for the identification of contact
sensitizers. As part of a tiered integrated testing strategy this assay may aid risk assessment and replacement of animal testing.
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B CELL INCREASES AND EX VIVO IL-2 PRODUCTION
AS SECONDARY ENDPOINTS FOR THE DETECTION
OF SENSITIZERS IN NON-RADIOISOTOPIC LOCAL
LYMPH NODE ASSAY USING FLOW CYTOMETRY.

K. Jung1, W. Jang1, B. Kim2, Y. Lee3, Y. Yum3, S. Sohn3, Y. Park1 and K. Lim1.
1, AMOREPACIFIC Company R&D Center, Gyeonggi-do, Republic of Korea,
2Keimyung University, Dae-Gu, Republic of Korea and 3National Institute of Food
and Drug Safety Evaluation, Korea Food and Drug Administration,
Chungcheongbuk-do, Republic of Korea.
Non-radioisotopic local lymph node assay (LLNA) using 5-bromo-2’-deoxyuridine
(BrdU)with flow cytometry (FCM) is gaining attention since it is free from the regulatory issues accompanying in vivo uses of radioisotope, 3H-thymidine in traditional LLNA (tLLNA). However, there is a concern over compromised performances in non-radioisotopic LLNA, raising needs for additional endpoints to
improve the accuracy of LLNA:BrdU-FCM. With the full 22 reference substances
enlisted in OECD Test Guideline No. 429, we evaluated the performance of
LLNA:BrdU-FCM along with the concomitant measurements of B/T cells and ex
vivo cytokine production from isolated lymphocytes to examine the utility of these
markers as secondary endpoints. Mice (Balb/c, female) were topically treated with
substances on both ears for 3 days and then, BrdU was intraperitoneally injected on
day 5. After a day, lymph nodes were isolated and undergone FCM to determine
BrdU incorporation and B/T cell subtyping with B220+ and CD3e+. Ex vivocytokine production by lymph node cells (LNCs) was measured such as IL-2, IL-4,
IL-6, IL-12, IFN-γ, MCP-1, GM-CSF and TNFα. Mice treated with sensitizers
showed preferential increases in B cell population and the selective production of
IL-2 which matched well with the increases in BrdU incorporation. When compared with guinea pig or human data, BrdU incorporation, B cell increase and IL-2
production ex vivo can successfully detect sensitizers with the performances comparable to tLLNA, suggesting that flow cytometric analysis of B cell and IL-2 production ex vivo may be useful for improving the accuracy of LLNA:BrdU-FCM or as
independent non-radioisotopic endpoints.
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DEVELOPMENT OF AN IN VITRO MODEL TO ASSESS
THE EFFICACY OF TOPICAL ANTIOXIDANTS.

M. Krcha, L. Krawiec and K. Norman. Institute for In Vitro Sciences, Gaithersburg,
MD. Sponsor: H. Raabe.
Topical antioxidants, which have the capacity to neutralize reactive oxygen species
(ROS), have been shown to prevent skin damage and improve the appearance of
sun-damaged skin. Accordingly, we have developed an in vitro method capable of
evaluating the antioxidant performance of ingredients and final formulations which
may be applied to the skin. For assessment of antioxidant potential, NHEKs (normal human epidermal keratinocytes) were subjected to UVA-irradiation to induce
oxidative stress and then protection from oxidative stress was evaluated in cells incubated with antioxidants. Cells were seeded in 96-well plates and incubated with
the fluorescent ROS-detecting probe, 5 (and-6)-chloromethyl-2′,7′-dichlorodihydrofluorescein diacetate acetyl ester (CM-H2DCFDA), for 40 minutes. Next, the
cells were exposed to a serial dilution of antioxidants/antioxidant-containing formulations for 1 hour. ROS were generated by exposing the cultures to UVA light
for 50 minutes (5 Joules/cm2), and then detected by fluorescence measurements of
the cells. Cytotoxicity was assessed concurrently using the neutral red uptake
(NRU) assay. Using this method, we evaluated several antioxidants and antioxidant-containing formulations for their ROS-reducing capabilities, including ascorbic acid, quercetin, resveratrol, kinetin, nicotinamide, and EGCG. Based on our results, several antioxidants and antioxidant-containing formulations noticeably
reduced ROS levels compared to untreated controls. The greatest reduction was ob-

served in cells treated with ascorbic acid, which has been qualified as the positive
control for the assay. Other antioxidants which did not show this reduction were
likely not water soluble and/or poorly bioavailable to cells. Overall, our results indicate that this method may provide a valuable in vitro tool for assessing antioxidant
performance in a biologically relevant model.
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RETROSPECTIVE ANALYSIS OF THE EPIDERM 3MINUTE PREDICTION MODEL FOR ASSESSMENT OF
GHS SKIN CORROSION PACKING GROUP SUBCATEGORY 1A.

H. Kandarova, Y. Kaluzhny, J. Kubilus, P. J. Hayden, J. Sheasgreen and M.
Klausner. MatTek Corp., Ashland, MA.
OECD has adopted several ECVAM-Validated reconstructed human skin models
(EpiDerm and EPISKIN/SkinEthic) for testing skin corrosion (OECD TG 431).
However, TG 431 does not satisfy international (GHS) labeling guidelines for
transport of dangerous goods. GHS package labeling guidelines utilize 3 corrosion
sub-categories (1A: very dangerous, 1B: medium danger and 1C: minor danger).
Labeling a chemical as sub-category 1A has important consequences, including very
small volume package limits for air transport, prohibition from passenger aircraft,
protective storage conditions, costly containers and low market acceptance. Animal
tests are still utilized for assessing the 1A label requirement. An in vitro method that
discriminates 1A from 1B/1C classes will therefore have a substantial impact on reducing animal tests for this purpose. The current poster evaluates data obtained
with the EpiDerm model for ability to discriminate between GHS 1A and 1B/1C
classes. Data obtained from 49 chemicals tested during the ECVAM Phase I validation study plus 17 additional previously tested chemicals were retrospectively analyzed based on the MTT viability assay (50% viability cutoff ) and the 3 minute exposure period. The combined set includes 15 1A, 25 1B/1C, and 26 non-corrosive
chemicals. The 3 min prediction model is shown to produce a sensitivity of 93%
(14/15) and overall specificity of 76% (39/51) for predicting sub-category 1A.
Testing of additional chemicals (ECVAM Phase III validation study) indicates that
data correction for direct MTT-reducing chemicals is important. Adoption of the 3
min EpiDerm prediction model would lead to significant reduction in animal use
for corrosion sub-group package labeling.
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OECD TG 404 ACUTE DERMAL TOXICITY TESTING
STRATEGY COMBINING THE USE OF THE EPISKIN
VALIDATED TEST METHODS.

J. Cotovio1, N. Alépée1, M. Grandidier1, N. Seyler2, F. Soler2 and J. Meunier1.
1L’Oréal Research, Aulnay-sous-Bois, France and 2EPISKIN Predictive Evaluation,
Lyon, France. Sponsor: G. Nohynek.
The ability to produce irreversible or reversible alterations to the skin at the site of
contact is part of the guidance based facts used for the identification of corrosive
and skin irritant chemicals. During the skin corrosion validation study of the
EpiSkin test method, some in vivo corrosives were identified as non corrosives in
vitro. Since under classification of chemicals may be due to non specific reduction
of MTT, interference corrections were performed on 5 chemicals detected as direct
MTT reducers indicating the need to adapt the EpiSkin skin corrosion test method
by including specific controls. Similarly controls for coloring substance should be
used.
A stepwise testing strategy (Top down and Bottom-Up) for the prediction of skin
irritation and then skin corrosion was proposed using the validated EpiSkin test
methods to support the ongoing revision of the OECD test guidelines TG404 and
TG431. Based on the validation study, EpiSkin test method is able to distinguish
Cat.1A from Cat. 1B/C corrosives (UN GHS, essential for transportation and
goods regulation). The testing strategy was applied to more than 60 substances
(from the ECVAM validation studies) covering in vivo in vitro main skin irritation
classes.
Among 15 chemicals identified by NICEATM/ICCVAM as having a high tendency for misclassification, 12 were correctly predicted as skin corrosives while 3
others in vitro noncorrosive were finally predicted as irritating. Among the unquestionable corrosive substance of the set, none was classified as “non irritating” while
some over prediction was observed. According to TG test strategy suggesting the
combination of in silico tools, physicochemical parameters, in vitro corrosion and
irritation, it was demonstrated that misclassification becomes minimal. These results suggest that testing strategy is not a strict sequence and that stepwise procedure, weight of evidence and testing should be considered as acceptable approaches
to structure relevant information used for hazard assessment.
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OECD TG 404 ACUTE DERMAL TOXICITY TESTING
STRATEGY USING THE SKINETHIC RHE VALIDATED
TEST METHODS.

S. Martins2, N. Alépée1, C. Tornier2, J. Cotovio1 and J. Meunier1. 1L’Oréal
Research, Aulnay-sous-Bois, France and 2SkinEthic Laboratories, Lyon, France.
Sponsor: G. Nohynek.
Testing strategies based on alternatives methods were integrated in the OECD test
guidelines TG404 for predicting dermal toxicity. The validated test methods using
the SkinEthic reconstructed human epidermis (RHE) were independently validated
for dermal skin corrosion and skin irritation.
The aim of the present study was to develop a testing strategy combining both
SkinEthic RHE skin corrosion and skin irritation test methods to support the ongoing revision of the OECD TG404 and TG431. For such purpose, more than 60
chemicals (from the ECVAM validation studies) were evaluated in both skin corrosion and skin irritation methods. A stepwise testing strategy (Top down and
Bottom-Up) for the prediction of skin irritation and skin corrosion was proposed
using the validated SkinEthic RHE test methods to support the ongoing revision of
the OECD test guidelines TG404 and TG431. Thus among the unquestionable
corrosive substances of the set, none was predicted as “non irritant” while some over
prediction was observed. Among 13 chemicals identified by NICEATM/ICCVAM
as having a high tendency for misclassification, 11 were correctly predicted as skin
corrosives while 2 others in vitro non corrosive were finally predicted as irritating.
Thus, when applying the OECD TG404 testing strategy to substances identified as
potentially false negative corrosives, all these substances were correctly identified.
In conclusion, integrated testing strategy is not a strict procedure. When the determination of corrosives/irritants cannot be achieved using a weight-of-the-evidence
analysis, a preferred sequential testing strategy (skin irritation / corrosion), which
includes the performance of accepted in vitro SkinEthic RHE tests should be considered.

1325

EVALUATION OF IRR-IS®, AN EPISKIN™-BASED
MODEL FOR QUANTIFYING CHEMICAL IRRITATION
POTENCY.

H. Groux2, D. Lelièvre1, F. Cottrez2, C. Auriault2 and J. Cotovio1. 1L’Oréal
Research, Aulnay-sous-Bois, France and 2Immunosearch, Grasse, France. Sponsor: G.
Nohynek.
Irritation potency classification assays using In vitro 3D reconstructed epidermis
models and viability measurement (MTT test) have been developed and validated
by ECVAM. The ability of these methods to quantify skin irritation potency in
terms of classification according to the EU GSH rules is satisfactory. Validated
methods only predict two classes including irritants (R38) and non classified substances. Nevertheless, quantification of the skin irritation potential is of high importance not only for transport labeling and industry workers but also for the toxicological risk evaluation and as so it should address the question of intermediate
irritation levels in line with new and future regulatory demands. ImmunoSearch
developed IRR-IS®, a new method based on the quantitative analysis of specific
biomarkers expressed in 3D reconstructed epidermis (EpiSkin™). The aim was to
provide a tool designed to provide possible ways to encompass these classification
limitations and to help risk assessment approach and possible keys to get closer to
potency assessment. The selection of tuned set of biomarkers was done by analysis
expression profiles in 3D reconstructed epidermis with several reference irritants.
Test chemicals were topically applied neat for 30 min then washed and the tissues
further incubated for 6 hrs. Tissues were teased, total RNA purified with Trizol and
expression of genes measured by quantitative PCR after reverse transcription. We
selected 25 biomarkers and developed an specific algorithm based on analysis of
gene expression magnitude. A reference set of 45 coded irritant chemicals from the
public domain was provided by L’Oréal and tested blind by ImmunoSearch.
Sensitivity >90%, concordance > 70% and accuracy >80 % were comparable to the
validated EpiSkin model performance. These preliminary good results need to be
applied to larger sets in order to refine the algorithm.

1326

ASIAN RECONSTRUCTED EPIDERMIS MODEL
ASSESSMENT FOR THE IN VITRO PREDICTION OF
SKIN IRRITATION ACCORDING TO THE ECVAMVALIDATED PROTOCOL.

C. Ding1, Y. Wu1, N. Li1, J. Qiu1, D. Jiang1, L. Zhong1, D. Lelièvre2, J.
Cotovio2 and Z. Cai1. 1L’Oréal Research and Innovation, Shanghai, China and
2L’Oréal Research and Innovation, Aulnay-sous-Bois, France. Sponsor: G. Nohynek.
The European Center for the Validation of Alternative Methods (ECVAM)
Scientific Advisory Committee validated in 2007 the reconstructed human epidermis EpiSkin model (SkinEthic, France) in vitro test-method as a full replacement
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method for the Draize acute skin irritation test (validated reference model: VRM).
This method was included both in the EU Test Method B46 and the OECD Draft
Test Guideline for skin irritation testing. Based on the EpiSkinTM technology, we
have developed and standardized an in vitro epidermis model using human keratinocytes of Asian origin. Using the 20 reference chemicals recommended by
ESAC (ECVAM Scientific Advisory Committee, 2007), we assessed the performance of this Asian EpiSkin model for skin irritation prediction using the ECVAM
validated protocol. With 90% sensitivity, 80% specificity and 85% overall accuracy
(viability assessment, MTT assay), the model showed good within-laboratory reproducibility and satisfactory predictive capacities similar to the VRM. In order to
optimizing the evaluation, the release of IL-1 alpha after post-incubation was also
measured as a complementary endpoint. When combining both cell viability and
IL-1 alpha measurements, the sensitivity and accuracy were improved (100% and
90% respectively). These results suggest that the reconstructed Asian EpiSkin
model can be used to predict skin irritation by using the 15 min/42 hours validated
test method, in accordance with the ECVAM performance standards.

1327

COMPARISON OF DIFFERENT SKIN MODELS TO THE
3T3 NRU PT FOR CHEMICALLY INDUCED
PHOTOTOXICITY.

L. F. Pratt, G. L. DeGeorge and D. R. Cerven. MB Research Laboratories,
Spinnerstown, PA.
The 3T3 neutral red uptake assay for phototoxicity (3T3 NRU PT) is currently the
only in vitro assay approved for the screening of potentially phototoxic compounds.
However, the fact that the model uses a mouse fibroblast monolayer instead of
human-derived cells or cell lines raises questions as to its predictivity for human exposure to phototoxins in the environment and from medicinal and cosmetic products. While the OECD guidelines (432) are based on the 3T3 results generated by
the ZEBET group and the intra-laboratory validation, it is stated that other cells
can be used with the same test procedure, if equivalency is demonstrated (paragraph 9). These studies report a side-by-side comparison of the 3T3 results generated in our laboratory to those obtained from three human skin-derived cell-based
systems. We compare the HaCaT keratinocyte cell line, primary adult human epidermal keratinocytes (HEKa) and a 3D human skin model using the same panel of
chemicals to determine if a human-based system is as predictive as the 3T3 test
model. The chemicals tested are a subset of those used to validate the 3T3 system.
The 3T3 negative chemicals (Hexachlorophene, SDS and L-histidine) show similar
negativity in the three human-derived skin systems. Of the 3T3 positives,
Chlorpromazine and Norfloxacin were determined to be equal in responsiveness in
the monolayer human cell lines to the 3T3 system, while the 3D human skin
model was less sensitive by 30 to 100 fold in effective chemical concentration, but
had photo-irritation factors (PIF) within the “probable phototoxin” range defined
in the 3T3 assay. All EC50 concentration values for the 3D skin model are much
higher than the monolayer cell systems, but are comparable in PIF value ranges to
those of the 3T3 system. Amiodarone, a weak positive in the 3T3 system, is also
very weakly positive for the HaCaT cells and 3D skin model, but fails to be positive
for the HEKa. Necessary modifications to the 3T3 protocol for the specific culture
conditions of each alternative model with their respective positive and negative aspects are described.

1328

ISOFLAVONE-INDUCED RECOVERY OF BODY
WEIGHT FOLLOWING EXPOSURE TO GAMMA
RADIATION.

M. R. Landauer. Armed Forces Radiobiology Research Institute, Bethesda, MD.
Radioprotectors are chemical compounds that when administered prior to irradiation provide protection from ionizing radiation-induced toxicity. In a clinical setting, radiation is administered at sublethal doses to destroy tumor cells. A frequent
side effect of sublethal irradiation in mammals is a reduction of body weight.
Moreover, weight loss has been demonstrated to be a prognostic indicator of reduced survival rates. Therefore, the amelioration of radiation-induced weight loss is
an important objective when using radiation therapy. In the present study, we characterized the effects of genistein on gamma radiation-induced weight loss in
CD2F1 male mice. Mice were divided into four groups: (1) vehicle + sham irradiation, (2) genistein + sham irradiation, (3) vehicle + 7-Gy irradiation, and (4) genistein + 7-Gy irradiation. A single subcutaneous injection of genistein (200 mg/kg)
or vehicle was subcutaneously administered 24 hr before either sham irradiation or
a sublethal dose of cobalt-60 gamma irradiation (7 Gy at 0.6 Gy/min). Animals
were weighed daily for 30 days after irradiation. Separate groups of mice were evaluated for hematological endpoints over 30 days. Mice treated with vehicle or genistein that were sham-irradiated exhibited normal weight gain over the 30 days of the
experiment. In contrast, a significant reduction in body weight for both groups of
irradiated animals was observed. Beginning on day 3 after irradiation, the genis-

tein/irradiation group exhibited decreased weight loss compared with the vehicle/
irradiation group. By day 20 after irradiation, the body weight of the genistein/irradiation group had returned to control levels, while the weight of irradiated mice
that did not receive genistein remained significantly below that of the other three
treatment groups at 30 days after irradiation. White blood cells, neutrophils, and
platelets were significantly elevated beginning on day 10 postirradiation compared
to the vehicle-treated irradiated mice. These results demonstrate that genistein can
mitigate weight loss in mice receiving a sublethal dose of gamma radiation.

1329

NOVEL PYRIDINIUM OXIMES AS REACTIVATORS OF
ORGANOPHOSPHATE (OP)-INHIBITED
ACETYLCHOLINESTERASE (ACHE) IN THE CENTRAL
NERVOUS SYSTEM.

E. C. Meek1, H. W. Chambers1, J. M. Gearhart2, R. B. Pringle1 and J. E.
Chambers1. 1College of Veterinary Medicine, Mississippi State University, Mississippi
State, MS and 2AFRL, Wright-Patterson AFB, Dayton, OH.
Exposure to OPs, including nerve agents, results in the inhibition of AChE and
overstimulation of the nervous system. Currently approved therapies include atropine and an oxime, e.g. 2-PAM, to reactivate OP inhibited AChE. A major limitation of the approved oximes is their limited ability to cross the blood-brain barrier
(BBB) and reactivate AChE. A series of novel pyridinium oximes has been synthesized that incorporate moieties that increase BBB penetration and reactivation of
AChE. Oximes were screened in vitro for their ability to reactivate AChE inhibited
by a nerve agent surrogate, phthalimidyl isopropyl methylphosphonate (PIMP), a
sarin surrogate, or nitrophenyl ethyl methylphosphonate (NEMP), a VX surrogate,
which phosphorylate AChE with the same moiety as sarin or VX, respectively. Rat
brain homogenate was incubated with a concentration of PIMP (175nM) or
NEMP (100nM) that yielded about 80% AChE inhibition, followed by an oxime
(0.1mM) and AChE activity measured. Reactivation of AChE in vitro varied
among oximes but was similar for each of the two surrogates; PIMP, 14-79%, and
NEMP 23-76%. Oxime lipophilicities (n-octanol/water partition coefficients),
0.009 to 2.244, were greater than for 2-PAM (0.006). Oximes that demonstrated
AChE reactivation greater than 40% in vitro were selected for testing in vivo in rats.
A high sublethal dose of a stable sarin surrogate, nitrophenyl isopropyl methylphosphonate (NIMP) (0.325mg/kg) or NEMP (0.4mg/kg) was administered ip, yielding about 80% brain AChE inhibition, followed by an im injection (0.1mmol/kg)
of a novel oxime or 2-PAM at the time of peak brain AChE inhibition (1hour).
Twelve of 24 novel oximes tested yielded 10-35% brain AChE reactivation and attenuated OP induced seizures, indicating their ability to cross the BBB and reactivate OP inhibited brain AChE and demonstrating their potential as therapeutics.
Supported by Defense Threat Reduction Agency: 1.E0056_08_AHB_C.

1330

NEURAL PROTECTION IN THE CENTRAL NERVOUS
SYSTEM AGAINST NERVE AGENT SURROGATES
USING NOVEL PYRIDINIUM OXIMES.

R. B. Pringle1, E. C. Meek1, H. W. Chambers2, J. M. Gearhart3 and J. E.
Chambers1. 1College of Veterinary Medicine, Mississippi State University, Mississippi
State, MS, 2Entomology and Plant Pathology, Mississippi State University, Mississippi
State, MS and 3AFRL, Wright-Patterson AFB, Dayton, OH.
Organophosphates (OPs), such as nerve agents, excessively stimulate the cholinergic system via inhibition of acetylcholinesterase (AChE); consequently, the central
nervous system is vulnerable to neural damage that may have detrimental long-term
effects. This study utilized highly relevant sarin and VX surrogates to test the efficacy of novel pyridinium oxime reactivators, created to incorporate moieties which
increase blood-brain barrier penetration. Levels of glial fibrillary acidic protein
(GFAP), detected using immunohistochemistry, were measured in the brain as an
indicator of neural damage. Adult rats were treated ip with high, sub-lethal doses of
sarin or VX surrogates, nitrophenyl isopropyl methylphosphonate (NIMP;
0.325mg/kg) or nitrophenyl ethyl methylphosphonate (NEMP; 0.4mg/kg), respectively, followed at 1 hour by im administration of oxime (0.1mmol/kg). Rats were
monitored for seizure activity, and kainic acid (KA; 10mg/kg) was used as a positive
control. Levels of GFAP were elevated with KA, as well as with NIMP and NEMP
treatments alone, all yielding significantly (p<0.05) higher levels than controls.
Treatment with oxime in two different formulations (bromide vs. mesylate salt) 1
hour post surrogate treatment attenuated seizures and reduced GFAP levels over
NIMP or NEMP treatments to levels near those of control animals (p<0.05) in
both the piriform cortex and the hilus region of the dentate gyrus of the hippocampus. Additionally, c-fos activity, brain monoamine levels, and markers for oxidative
stress (isoprostanes) are being evaluated to further characterize the impact of the

surrogates on the brain. These results highlight the efficacy of these oximes and the
potential of this novel chemistry to protect the brain from neural damage induced
by OPs. Supported by Defense Threat Reduction Agency: 1.E0056_08_AHB_C
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DISTINCT ALKYLATION SIGNATURES OF NITROGEN
MUSTARD AND α-HALO CINNAMALDEHYDES ON
THE ACTIVE SITE OF THIOREDOXIN REDUCTASE.

R. G. Udasin1, 4, Y. Jan2, Y. Wang2, D. E. Heck3, C. Guillon5, K. Fabio5, N.
D. Heindel5, D. L. Laskin1, 4 and J. D. Laskin1, 2. 1Joint Graduate Program in
Toxicology, Rutgers University/University of Medicine and Dentistry of New Jersey,
Piscataway, NJ, 2Environmental and Occupational Medicine, Rutgers
University/University of Medicine and Dentistry of New Jersey, Piscataway, NJ,
3Environmental Health Sciences, New York Medical College, Valhalla, NY,
4Pharmacology and Toxicology, Rutgers University, Piscataway, NJ and 5Chemistry,
Lehigh University, Bethlehem, PA.
Thioredoxin reductase (TrxR), a key regulator of cellular proliferation and redox
homeostasis, is a selenocysteine-containing flavoprotein that catalyzes the
NADPH-dependent reduction of oxidized thioredoxin. We found that two lung
toxicants, nitrogen mustard (HN2) and α-bromo-cinnamaldehyde (αBrCA), are
potent inhibitors of TrxR in A549 human lung epithelial cells. Inhibition of TrxR
activity is concentration- and time-dependent. Using purified rat liver TrxR, we
demonstrated that only the reduced enzyme is irreversibly inhibited by these alkylating agents. TrxR also catalyzes quinone redox cycling, a process that generates reactive oxygen species. Both HN2 and αBrCA were found to inhibit redox cycling.
LC-MS analysis showed that HN2 modified both selenocysteine and cysteine in
the C-terminal redox motif of TrxR. In contrast, αBrCA only modified the cysteine
residue in the redox center of the enzyme. These data were supported by our findings that recombinant mutant TrxR, in which selenocysteine was replaced by cysteine, was markedly less sensitive to inhibition by HN2, but not αBrCA. Although
both HN2 and αBrCA are soft electrophiles, they appear to modify TrxR by distinct mechanisms. We postulate that this is due to differences in the reaction mechanism of αBrCA, which is mediated by addition-type alkylations (Michael reactions), and HN2, which causes direct alkylation without a prior addition step.
Taken together, these data suggest that HN2 and αBrCA target TrxR and that this
may be an important mechanism mediating oxidative stress and tissue injury in the
lung. Supported by NIH grants AR055073, ES004738, CA132624, GM034310
and ES05022.
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REMOVAL OF TOXIC EFFECTS OF SOMAN AT THE
HUMAN RESPIRATORY MUSCLE BY A
NONREACTIVATING COMPOUND.

H. Thiermann, T. Seeger, K. V. Niessen and F. Worek. Bundeswehr Institute of
Pharmacology and Toxicology, Munich, Germany. Sponsor: A. Buerkle.
Rational: The most toxic action of the nerve agent soman is inhibition of acetylcholinesterase (AChE) finally leading to death due to respiratory failure. While effects of cholinergic overstimulation at muscarinic acetylcholine receptors may be
antagonised with atropine restoration of function of nicotinic acetylcholine receptors (NAR), especially at respiratory muscles, needs alternative approaches. As reactivation with oximes is generally insufficient in soman poisoning, the non-reactivating bispyridinium compound MB 327 (1,1(propane-1,3-diyl)bis(4-tert-butylpyridinium) iodide, Turner et al. ToxLett 206,
105-111, 2011 (1)) was investigated on its ability to restore function of soman poisoned human intercostal muscle. Furthermore, it was tested whether such an effect
could be mediated by interaction at the orthosteric binding site of NAR.
Experimental procedures: In human intercostals muscle strips force production
upon indirect field stimulation was determined. After neuromuscular block by
soman (10 μM), MB 327 (100 and 200 μM) was applied (in absence of soman)
and force generation recorded for 30 min. After the experiments, muscle AChE activity was determined radiochemically. Furthermore, binding properties of MB 327
in radioligand binding experiments with NAR (Torpedo californica) using 3H epibatidine occupying the orthosteric binding site was investigated.
Results: MB 327 was able to restore soman induced neuromuscular block to some
45 % of normal while muscle AChE remained inhibited almost completely (4%
residual activity). MB 327 did not directly interact with 3H epibatidine binding
sites of Torpedo NAR. Faint indications for an allosteric interaction were observed.
Conclusion: In guinea pigs MB 327 was able to improve survival after tabun poisoning (1) without reactivating AChE. Our result show, that MB 327 may also
show beneficial effects in humans. As no relevant interactions with the orthosteric
binding sites of NAR could identified, further research is necessary to characterise
possible interactions of non reactivating compounds with NAR.
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WHOLE BODY EXPOSURE TO SARIN (GB) RESULTS IN
SPONTANEOUS RECURRENT SEIZURES AND
FUNCTIONAL IMPAIRMENT IN MALE RATS.

L. Lumley1, D. Miller2, J. Schwartz1, M. Moffett1, M. Furtado3, M. Schultz1,
B. Muse2, L. Wright1, W. Lumeh1, N. Kelley1, M. Stone1, D. Yourick3 and C.
Whalley2. 1USAMRICD, Aberdeen Proving Ground, MD, 2ECBC, Aberdeen
Proving Ground, MD and 3WRAIR, Silver Spring, MD.
Current therapies for nerve agent exposure increase survival but offer inadequate
protection. Since the route of exposure to volatile agents such as GB is primarily via
inhalation, we developed a realistic GB-exposure model in male rats to evaluate
therapeutics. In Exp. 1, we determined the dose response effects of a 60-min exposure to 1.25 - 2 LCt50 GB, using endpoints of toxic signs and seizure onset. Rats
had continuous recording of EEG activity including while in the exposure chamber. Dose response effects were observed in that the higher the agent concentration,
the shorter the latency to toxic signs, and the greater number of rats that seized. All
rats exposed to 1.25, 1.5 or 2.0 LCt50 displayed seizures; mortality increased with
the higher doses with none surviving 2 LCt50. In Exp. 2, we administered the standard therapy of atropine sulfate and an oxime at onset of toxic signs to rats in the
exposure chamber and the anticonvulsant diazepam 30 min after seizure onset.
Treatment given at toxic signs onset prevented seizures in rats exposed to 1.25
LCt50 and reduced seizures in rats exposed to 1.5 or 2.0 LCt50. Concentration of
3.0 LCt50 resulted in onset of toxic signs followed by seizure at 11 and 12 min, respectively, after exposure. Treatment with the standard therapy at toxic signs onset
resulted in all rats displaying seizure (12/12) and surviving to 24 hr; two died
within 1 month of exposure. In addition, rats exposed to 3.0 LCt50 had impaired
acquisition of spatial memory performance and developed spontaneous recurrent
seizures in the weeks after GB-exposure. Future studies will use this model to assess
neuroprotectants for their ability to provide protection against nerve agent exposure.

1334

ENDOTHELIAL TUBE FORMATION IN VITRO IS
DISRUPTED AFTER EXPOSURE TO SULFUR OR
NITROGEN MUSTARDS.

K. Kehe1, 2, A. Schmidt2, 3, H. Thiermann2, W. Bloch3 and D. Steinritz2. 1X 5,
Bundeswehr Medical Office, München, Germany, 2Bundeswehr Institute of
Pharmacology and Toxicology, München, Germany and 3Deutsche Sporthochschule,
Köln, Germany. Sponsor: A. Bürkle.
Introduction: Sulfur and nitrogen mustards are DNA alkylating agents. Skin contact will cause a delayed vesication and inflammation. The resulting wounds are
characterized by slow wound healing. Aim: As endothelial precursor cells have a
pivotal role in this process, we investigated the effect of two alkylating agents (sulfur mustard, chlorambucil) on endothelial precursor cells with respect to apoptosis,
proliferation and endothelial tube formation. We used intact mouse embryoid bodies (EB) as a well established in vitro model.
Methods: EBs were exposed at different time points during their differentiation,
fixed and immunostained (PECAM-1, Ki-67, activated caspase 3). The migration
behaviour of isolated murine embryonic cells from desintegrated EBs was assessed
in a Boyden chamber.
Results: Sulfur mustard and chlorambucil treatment increased significantly the
number of apoptotic cells in EBs whereas proliferation remained unchanged. This
effect was more prominent in early stages of EB development. Additionally, mouse
endothelial progenitor cells showed impaired migration after sulfur mustard and
chlorambucil treatment.
Conclusion: The previously well established EB model seems to be suitable to investigate the effects of alkylating agents on endothelial cells with respect to cell
death, proliferation and migration. Thus, the presented results may be a contribution to understand impaired wound healing after sulfur mustard or chlorambucil
exposure. Future research of our group will focus on the testing of candidate drugs
to speed up wound healing.

1335

ADJUNCT TREATMENT WITH CARAMIPHEN
EDISYLATE DOSE-DEPENDENTLY ATTENUATES THE
BEHAVIORAL DEFICITS ASSOCIATED WITH SOMANINDUCED SEIZURE ACTIVITY.

L. K. Wright, M. K. Scultz, M. C. Moffett, A. R. Bourne, C. R. Schultz, N. R.
Kelley, J. E. Schwartz and L. A. Lumley. Analytical Toxicology Division, US Army
Medical Research Institute of Chemical Defense, Aberdeen Proving Ground, MD.
Caramiphen edisylate (CED) is a muscarinic, nicotinic and N-methyl-D-aspartate
receptor antagonist with anticonvulsant properties. Our laboratory has recently
shown that rats exposed to soman (GD) and treated with a combination of CED
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and diazepam (DZP) have shorter seizure durations and reduced neuropathology
compared to rats treated with DZP only even when treatment is delayed 30 min
after seizure onset. In this study, we evaluated whether the addition of CED to the
standard treatment regimen for nerve agent exposure (atropine sulfate [ATR], an
oxime and DZP) would diminish/prevent the behavioral consequences associated
with GD-induced seizures. Male Sprague-Dawley rats, implanted with telemetry
devices to record electroencephalographic data, were administered either saline or
1.2 LD50 GD (132 μg/kg, sc) followed by treatment with ATR (2 mg/kg, im) and
the oxime HI-6 (93.6 mg/kg, im) at 1 min post-exposure. Seizure activity was allowed to continue for 30 min before rats were treated with either sterile water or
CED (20 or 100 mg/kg, sc) in addition to DZP (10 mg/kg, sc). Control (i.e., no
GD) rats were treated with DZP at 40 min after saline administration. Behavioral
signs of seizure were monitored for 6 h post-exposure, and spatial memory was
tested in the Morris water maze (MWM) on post-exposure days 21-24. CED dosedependently reduced the behavioral signs of seizure and attenuated the cognitive
deficits observed in the MWM following GD exposure. Thus, CED may be an effective adjunct treatment for nerve agent exposure. This research was supported by
the Defense Threat Reduction Agency-Joint Science and Technology Office,
Medical S&T Division & Physical Science Division. The views expressed herein are
those of the authors and do not reflect the official policy of the Department of
Army, Department of Defense or the US Government.
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EFFECTS OF SELECTED ORGANOSELENIUMS AND
STILBENES UPON THE TOXICITY OF 2CHLOROETHYLETHYL SULFIDE IN A SKIN CELL
MODEL.

M. A. Pino1, 2, M. Pietka-Ottlik3 and B. Billack1. 1Pharmaceutical Sciences, St.
John’s University, Jamaica, NY, 2Basic Biomedical Sciences, Touro College of
Osteopathic Medicine, Harlem, NY and 3Organic Technology, Wroclaw University of
Technology, Wroclaw, Poland.
2-chloroethylethyl sulfide (CEES) is a monofunctional alkylating agent which possesses vesicant activity and exhibits a toxicity profile similar to that of sulfur mustard. We previously reported that the organoselenium compound ebselen (EB-1)
showed antioxidant activity and reduced CEES toxicity in the A-431 skin cell
model. In the present work, three analogs of EB-1, designated as EB-2, EB-3 or
EB-4, and two structurally unrelated antioxidants of the stilbene class, namely
resveratrol (RES) and pterostilbene (PTS), were tested for the ability to reduce
CEES toxicity in vitro. DNA fragmentation analysis revealed a concentration-dependent CEES toxicity after 24 h, with CEES concentrations at or above 1000 μM
producing robust patterns of fragmentation. The MTT (3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide) assay was used to determine the effect of
each test compound upon cellular viability in the presence or absence of CEES
(1000 μM). All incubations were performed for 24 h. In the absence of CEES, the
test compounds were found to be free of toxicity at concentrations of 15, 30 or 60
μM. When cells were co-incubated with CEES and test compound, no protection
was observed for RES or PTS; however, organoselenium compounds reduced cell
death. Among these compounds, EB-4 was the most potent at improving cell viability, while EB-3 was the least. These data indicate that stilbene antioxidants are
less efficacious than organoselenium compounds at reducing the toxicity of CEES.
Future studies will be required to determine whether or not the efficacy of the
organoseleniums characterized in this work is related to an antioxidant activity or to
an alternate mechanism.

1337

CYTOKINE REGULATION BY MK2 IN
KERATINOCYTES EXPOSED TO SULFUR MUSTARD.

E. K. Yego and J. F. Dillman. Cell and Molecular Biology Branch, US Army Medical
Research Institute of Chemical Defense, Aberdeen Proving Ground, MD.
Cutaneous exposure to the chemical warfare agent sulfur mustard (SM/bis [2chloroethyl] sulfide) leads to epidermal damage. Underlying cellular processes such
as pro-inflammatory cytokine secretion contribute to this damage. Activation of the
p38 mitogen activated protein kinase (MAPK) precedes cytokine secretion following SM exposure in normal human epidermal keratinocytes (NHEK). This study
evaluated the necessity of p38-regulated MAPK activated kinase 2 (MK2) during
this process. This serine/threonine kinase regulates cytokines at the transcriptional
and translational level. To evaluate MK2 activation by SM, NHEK cells exposed to
200 μM SM for 5, 15, 30 or 480 min were examined for MK2 activation via phosphorylation using Western blot analysis. Corresponding control samples were left
unexposed. Increased MK2 phosphorylation was observed beginning at 15 min and
was sustained through 8 h. This activation was dependant on p38 MAPK activity as
determined by studies using the p38 inhibitor SB203580. To determine SM-induced cytokine changes at the mRNA level, qPCR analysis was performed 8 h after
exposure. Beadlyte cytokine analysis was used to quantify cytokine secretion into

cell culture media 24 h after exposure. Cytokines that were evaluated were tumor
necrosis alpha-α (TNFα), interleukin-1β (IL-1β), interleukin-6 (IL-6) and interleukin-8 (IL-8). TNFα, IL-6 and IL-8 were up-regulated at the mRNA and protein
level. IL-1β secretion was also elevated despite unchanged mRNA levels. To compare the role of p38 and MK2 during this process, siRNA (4 pmol/cm2) targeting
these proteins was utilized. p38 knockdown reduced SM-induced secretion of all
the cytokines examined, whereas significant reduction in SM-induced cytokine secretion was only observed with TNFα and IL-6 following MK2 knockdown. These
results demonstrate potential activation of other p38 targets during SM-induced
cytokine secretion. Our observations also demonstrate the potential for anti-inflammatory therapies that target MK2 in epidermal tissue exposed to SM.

1338

COMPARISON OF SEVERAL TERTIARY OXIMES ON
REACTIVATION OF OP NERVE AGENT-INHIBITED
ACHE IN THE CENTRAL NERVOUS SYSTEM.

T. Shih, I. Koplovitz, R. K. Kan and J. H. McDonough. Research Division, US
Army Medical Research Institute of Chemical Defense, Aberdeen Proving Ground,
MD.
Organophosphorus (OP) nerve agents irreversibly inhibit acetylcholinesterase
(AChE) and lead to an excess of the cholinergic neurotransmitter acetylcholine in
the synapses, causing convulsions, respiratory distress and death. The current treatment regimen includes 2-pralidoxime to reactivate inhibited AChE, which due to
its quaternary structure does not cross the blood brain barrier to reactivate brain
AChE and to mitigate CNS toxicity. We reported earlier that the tertiary oxime
monoisonitrosoacetone (MINA) provided some AChE reactivation in the brain,
enhanced survival and mitigated the seizure activity following nerve agent exposure. In this study, the in vivo reactivating capabilities of several new tertiary
oximes, N,N-diethyl-3-(2-(hydroxyimino)acetoxy)propan-1-aminium chloride
(DHAP), RS194B, JK-3-38 and SWRI53A, were compared to each other and to
MINA, following subcutaneous sarin exposure. Guinea pigs were challenged with a
1.0 x LD50 dose of sarin 15 min after administration of atropine methylnitrate (2.0
mg/kg, im), followed 15 min later by a test dose of the oxime. Four to 5 doses
(ranging from 22.0 to 180.0 mg/kg, im) of each oxime were tested. The animal was
euthanized 45 min after oxime treatment; blood was collected and target tissues
(brain regions, diaphragm, heart, skeletal muscle) were harvested. AChE activity
was measured by the Ellman assay. Of these tertiary oximes, JK-3-38 enhanced the
toxicity of sarin at doses above 35.5 mg/kg. RS194B provided the greatest AChE
reactivation (5-55%), while SWRI53A showed reactivation (5-20%) only at the
highest dose (180 mg/kg) in peripheral tissues, with the rank order of RS194B =
JK-3-38 = DHAP > MINA > SWRI53A. In the CNS tissues, MINA displayed the
highest capacity to reactivate AChE (5-30%), while JK-3-38 provided minimum
reactivation (2-5%), with the rank order of MINA > SWRI53A = DHAP =
RS194B > JK-3-38. The findings suggest that tertiary oximes show different reactivation capacities against AChE inhibited by sarin in the periphery or in the CNS.

1339

NITROGEN MUSTARD EXPOSURE OF THE CORNEA
INDUCES ERK ACTIVATION OF ADAM17 WITHIN
MINUTES.

A. S. DeSantis1, R. A. Hahn2, D. R. Gerecke2, K. K. Svoboda3 and M. K.
Gordon2. 1Allergan, Irvine, CA, 2Ernest Mario School of Pharmacy, Rutgers
University, Piscataway, NJ and 3Biomedical Sciences, Baylor College of Dentistry,
Dallas, TX.
Nitrogen mustard (NM) exposure induces microblisters in the cornea, separating
the epithelial and stromal layers. This is, in part, due to ADAM17 cleavage of the
hemidesmosomal component, collagen XVII, a molecule that tacks down the epithelial cell to its basement membrane. We hypothesized that NM exposure activates ERK, which activates ADAM17 via phosphorylation. This was tested by determining whether ERK and ADAM17 had a direct interaction, and whether the
MEK/ERK inhibitor PD98059 would reduce it. 100 nmoles of NM were applied
to air lifted organ cultures of rabbit corneas. For some corneas, NM was immediately washed off with either medium or medium plus inhibitor (i.e. 0 min exposure). For others cultures, the NM remained on the cornea for 5 or 10 mins, then
washed off with medium or medium plus PD98059. Incubation in medium (+ and
- inhibitor) was 10 min for all cultures. Analyis was by microscopy and western
blotting. Immunofluorescence showed that unexposed corneas had little activated
ERK (i.e., pERK) and no activated ADAM17 (detectible with antibody against the
ectodomain of ADAM17). However, all NM-exposed corneas showed signal along
the basement membrane for both activated molecules. The NM-exposed corneas
washed with medium containing PD98059 showed a decrease in pERK expression
at all timepoints, but phosphorylated ADAM17 was only able to be affected (decreased) when exposures were for 0 or 5 min. A 10 min NM exposure allowed the
same amount of activation whether or not inhibitor was added. An interaction be-

tween ERK and ADAM17 was tessted with pull down assays. Westerns of immunoprecipitated ERK were probed with ERK, pERK and ADAM17 antibodies.
After NM exposure, both pERK and activated ADAM17 were abundant. Addition
of PD98059 after NM exposure reduced the quantity of ADAM17 found in the
pull down assay. Thus, the ERK inhibitor PD98059 decreased the activation of
ADAM17 when it was applied to corneas after less than 10 min of exposure to
NM.

1340

ABROGATION OF NITROGEN MUSTARD-INDUCED
LUNG INJURY AND INFLAMMATION BY THE
INDUCIBLE NITRIC OXIDE SYNTHASE (INOS)
INHIBITOR AMINOGUANIDINE (AG).

A. Venosa1, R. Malaviya1, L. Hall2, A. J. Gow1, J. D. Laskin1 and D. L. Laskin1.
1Joint Graduate Program in Toxicology, Rutgers University and University of Medicine
of New Jersey, Robert Wood Johnson Medical School, Piscataway, NJ and 2Johnson &
Johnson, Raritan, NJ.
Nitrogen mustard (NM, mechlorethamine hydrochloride) is a bifunctional alkylating agent known to target the lung. Evidence suggests that tissue injury involves induction of oxidative stress and excessive production of cytotoxic oxidants, including reactive nitrogen species (RNS). In these studies we analyzed the role of RNS
generated via iNOS in NM-induced lung toxicity. Male Wistar rats were sacrificed
1 d, 3 d, 7 d, and 28 d after treatment with NM (IT, 0.125 mg/Kg). Structural
changes in the airways including thickening of the septal wall were evident within 1
d of NM exposure. By 3 d a massive infiltration of monocytic cells was noted, followed by bronchiolization of the epithelia, a key process in fibrogenesis. At 28 d
post NM, diffuse lung fibrosis was evident. These structural alterations were associated with rapid and persistent (3-28 d) expression of proliferating cell nuclear antigen (PCNA) in alveolar macrophages and epithelial cells. Western blotting and immunostaining revealed that iNOS, manganese superoxide dismutase (MnSOD)
and heme oxygenase-1 (HO-1), were also rapidly (within 3 d) upregulated in alveolar macrophages following NM exposure, a response which also persisted for 28 d.
Treatment of rats with AG (50 mg/kg, 2x/d, 3 d) significantly reduced NM-induced structural changes and lung inflammation. In addition, AG blunted the effects of NM on expression of PCNA, as well as HO-1 and iNOS suggesting a reduction of oxidative stress. Taken together these data demonstrate that a single
exposure to NM causes persistent structural and inflammatory changes in the lung
culminating in fibrosis. Moreover, the early pathologic effects of NM are dependent on RNS. Supported by NIH Grants HL096426, GM034310, ES004738,
CA132624, AR055073 and ES005022.

1341

THIOREDOXIN REDUCTASE MEDIATES NITROGEN
MUSTARD-INDUCED ACTIVATION OF NFKAPPAB/STAT3 SIGNALING IN LUNG EPITHELIAL
CELLS.

I. Wohlman1, Y. Jan2, D. E. Heck3, R. P. Casillas4, D. L. Laskin1 and J. D.
Laskin2. 1Pharmacology & Toxicology, Rutgers University, Piscataway, NJ,
2Environmental & Occupational Medicine, University of Medicine and Dentistry
New Jersey-Robert Wood Johnson Medical School, Piscataway, NJ, 3Environmental
Health Sciences, New York Medical College, Valhalla, NY and 4MRIGlobal, Kansas
City, MO.
Nitrogen mustard (mechlorethamine, HN2) is a bifunctional alkylating agent and
a potent lung toxicant. Cytotoxicity and tissue injury are due to cross-linking of
both proteins and DNA in the lung. Mammalian thioredoxin reductase (TrxR) is a
key cellular disulfide reductase, important in protecting against oxidative stress and
in regulating cell signaling pathways including NF-κB and Stat3. We previously reported that HN2 alkylates and cross-links both the C- and N-terminal redox centers of TrxR, leading to enzyme inactivation. In the present studies, we determined
if HN2-induced modifications in TrxR mediate signal transduction induced by
HN2. HN2 was found to readily activate the p50 and p65 subunits of NF-κB, as
well as Stat3 in A549 lung epithelial cells. To analyze the role of TrxR in this activity, we used shRNA constructs to knock down TrxR in the cells; these constructs reduced TrxR activity to less than 5% of control cell activity. The shRNA knockdown
was found to be highly selective for TrxR as expression of glutathione reductase and
thioredoxin were not affected by the constructs. TrxR-knockdown cells were found
to be more sensitive to HN2-induced cytotoxicity when compared to TrxR-expressing control cells, confirming that TrxR is a critical target for HN2 and key in protecting cells against vesicant-induced toxicity. In TrxR knockdown cells, HN2 was
significantly less effective in inducing NF-κB and Stat3 signaling. These data suggest that HN2 modified TrxR is a key mediator of NF-κB/Stat3 signaling in lung
epithelial cells and that this may be an important pathway underlying the cytotoxic
actions of nitrogen mustard. Moreover, agents that target these pathways may be effective countermeasures for vesicant-induced lung injury. Support: NIH grants
AR055073, ES004738, CA132624, ES05022 and GM034310.
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THE EFFECTS OF THE PULMONARY EXPOSURE OF
RATS TO SULFUR MUSTARD ON CELLS OF THE
IMMUNE SYSTEM.

H. L. Meier, S. Golfeyz, D. S. Olivera and A. M. Sciuto. Research, USAMRICD,
Aberdeen Proving Ground, MD. Sponsor: W. Smith.
Although the main reported targets for sulfur mustard (SM) toxicity are the lungs,
skin, and eyes,the attack of this vesicating agent on the immune system appears to
be responsible for its delayed lethal effects in humans. A nebulizer was utilized for
pulmonary exposure of rats to 3000, 2250, 1750, or 500μg SM; rats were then
housed under approved conditions for various times. Any rat failing certain wellness criteria was taken off study (OS), and the relevant tissues were harvested. Most
of the rats that required early sacrifice were from the highest exposure groups (2250
& 3000). Of the 219 rats exposed to SM, 30 demonstrated symptoms significant
enough to be terminated. SM-induced changes were studied in the nucleated and
non-nucleated cellular components of circulation and bone marrow (BM). The
concentration (conc), size, status of viability, and the percentage and status of
CD3+ cells harvested from these aforementioned components were compared
across control, vehicle, and SM-exposed animals. In OS rats, there was a time dependent increase in the conc of the RBCs during the first 1.5 m post-exposure, but
no consistent change in cell size. The WBCs in the OS rats were smaller and fewer
over the 4-m post-exposure period compared to the vehicle control. In the bone
marrow of the OS rats exposed to 2250 and 3000μg of SM, there was nearly a 50%
decrease in the number of nucleated and non-nucleated cells, but no consistent
change in the size of either cell population in these rats. Although the level of
CD3+ cells in the BM of the SM-exposed rats was similar to that of control rats, the
average size was increased by over 1μm in the BM CD3+ component in SM-exposed rats compared to vehicle controls. The number of cells in the exposed rats’
BM that were Annexin V+ appeared to decrease only slightly during the 2-m postexposure period, but size appeared to decrease as the rats lived longer. Preliminary
results indicate that SM inhalation causes a direct effect on the cells of the immune
system indicated by decrease in nucleated cell in the BM that could result in latent
illness.

1343

RAPID EVALUATIONS OF AQUATIC TOXICITY FOR
NEW MUNITION COMPOUNDS.

C. J. Cao, W. S. Eck and M. S. Johnson. Toxicology Portfolio, US Army Institute of
Public Health, Aberdeen Proving Ground, MD.
This study used the Microtox® (a registered trademark of AZUR Environmental)
assay to assess the relative toxicity of new munition compounds as part of the U.S.
Army’s Ordnance Environmental Program (OEP). The OEP is dedicated to finding
more environmentally-sustainable replacements for components of explosives, propellants and pyrotechnics that cause environmental and/or occupational risks to
health. Candidates under development include four dye compounds, 1-isopropylamino-9,10-anthracenedione (Solvent Red 169), 2-(2-quinolyl)-1,3-indandione
(Solvent Yellow 33), 1,4-diamino-2,3-dihydroanthraquinone (Solvent Violet 47),
and 1-[2-(hydroxyethyl)amino]-4-(methylamino)-9,10-anthracenedione (Disperse
Blue 3), proposed for use in smoke and pyrotechnic formulations; 2-azido-N,N-dimethylethanamine (DMAZ) and 1,2-bis-dimethylamine ethane (TMEDA) for potential replacements for the propellant hydrazine; and triaminoguanidinium 1methyl-5-nitriminotetrazolate (TAGMNT), ethylenediamine dinitrate (EDDN),
diethylene triamine trinitrate (DETN), and N3, N6-bis(2,2,2-trinitroethyl)1,2,4,5-tetrazine-3,6-diamine (BTAT) for potential RDX replacements.
Microtox® is an in vitro toxicity testing system that uses a strain of naturally-occurring luminescent bacteria, Vibrio fischeri. Results of the assay are correlated to
the toxicity of aquatic organisms. Toxicity is expressed as EC50 based upon dosedependent responses and measured at 5 min-, 15 min- and 30 min- exposure times.
The Microtox aquatic toxicity of ten new munition compounds was further ranked
for ecotoxicity using U.S. Fish and Wildlife Service Acute-Toxicity Rating Scales.
Only Solvent Violet 47 was considered ‘Moderately Toxic’; all others were either
‘Slightly Toxic’ (DMAZ, TMEDA, DETN and BTAT) or ‘Practically Nontoxic’
(Disperse Blue 3, Solvent Red 169, Solvent Yellow 33, TAGMNT, and EDDN).
The toxicity evaluation assists munition scientists in making environmental healthbased decisions regarding the design and selection of new formulas and materials.

1344

PHARMACOKINETICS OF MIDAZOLAM IN RHESUS
MACAQUES.

P. Sabourin1, P. S. Hong1, B. A. McCracken1, B. A. Carper1, M. C. Babin1 and
T. T. Belski2. 1Battelle, Columbus, OH and 2US Army Medical Research Institute of
Chemical Defense, Aberdeen Proving Ground, MD.
Midazolam, a potent benzodiazepine anticonvulsant, has been shown in several animal studies to be highly effective in controlling nerve agent-induced seizures.
Midazolam is approximately twice as potent and twice as rapid in stopping nerve
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agent-induced seizures compared to the current nerve agent seizure treatment, diazepam. In addition, midazolam in off-label usage has been shown in humans to be
highly effective in stopping seizures at similar dose levels and routes of administration as proposed for military use. The efficacy of midazolam against nerve-agent induced seizures was previously tested in non-human primates and guinea pigs. This
study is designed to determine the pharmacokinetics (PK) of midazolam in naìve
non-human primates. These studies were carried out in male and female naìve rhesus macaques (NHP) at 4 different dose levels of midazolam to determine if dose
proportionality was observed over this dose range. No adverse clinical signs were
observed in any NHP during quarantine, prior to the PK studies, or at any time, up
to 6 hr, post-midazolam dosing. PK parameters indicate that midazolam is rapidly
absorbed and distributed in NHPs following an IM dose with peak blood concentration being attained in approximately 12 to 27 minutes and a large volume of distribution (approximately 0.8 to 1.5 L). Absorption and elimination were rapid and
independent of dose in the range tested (0.09 to 0.36 mg/kg) with an absorption
half-life of approximately 3 to 10 min and a terminal elimination half-life of approximately 23-38 minutes. The mean observed Tmax by dose and gender ranged
from 12 to 27 min. There were gender-related differences in Cmax, Tmax, and the
apparent volume of distribution (Vd). Based on the AUC and Cmax values, the systemic exposure to midazolam was proportional to dose.

1345

HISTOPATHOLOGICAL AND INFLAMMATORY
CHANGES IN NITROGEN MUSTARD-INDUCED
MOUSE SKIN INJURY AND POSSIBLE ROLE OF
MYELOPEROXIDASE IN NEUTROPHIL-MEDIATED
INFLAMMATION.

A. K. Jain1, N. Tewari-Singh1, S. Inturi1, M. Gu1, D. J. Orlicky1, C. W. White2
and R. Agarwal1. 1University of Colorado Denver, Aurora, CO and 2National Jewish
Health, Denver, CO.
Sulfur mustard (SM) and nitrogen mustard (NM) are potent bifunctional alkylating chemical agents that cause skin injury and delayed vesication. Our previous
studies have established a skin injury model with SM analog 2-chloroethyl ethyl
sulfide (CEES) showing DNA damage, apoptosis, increased myeloperoxidase
(MPO) activity, induction of inflammatory mediators like COX2, iNOS and
MMP9, and micro-vesication in SKH-1 hairless mice. To develop a more relevant
model for efficacy studies, we further expanded our studies with primary vesicating
agent, NM, in SKH-1 hairless mice. Topical application of NM (4 mg) for 12h
onto the dorsal skin of mice caused a) an increase in the skin bi-fold thickness, b)
epidermal hyperplasia, c) micro-vesication, d) an increase in MPO activity and e)
blood cell extravasation into the skin. NM exposure also induced expression of inflammatory mediators such as COX2, iNOS and MMP9. Because we observed a
robust increase in MPO activity following NM exposure, we sought to further define the role of MPO/neutrophil infiltration in NM-induced skin injury. To do so,
we used a genetic approach. We applied NM (6 mg) onto the shaved dorsal skin of
C57BL/6J wild type and B6.129X1-MPOtm1Lus/J mice that are homozygous null
for the MPO gene. Skin bi-fold thickness was measured at 6, 9 and 12 h time
points, and mice were sacrificed 12 h after initiation of NM exposure. NM caused
significant increases in the skin bi-fold thickness, epidermal thickness and epidermal apoptosis in wild type C57BL/6J mice compared to MPO KO mice.
Furthermore, skin histopathology showed that NM exposure caused an increase in
neutrophilic infiltration and MPO activity in wild-type mice compared to MPO
KO mice. Collectively, our results show that NM causes inflammation and microvesication in SKH-1 hairless mice similar to SM, and that MPO potentially plays
an important role in NM-induced skin injury.

1346

POTENTIAL THERAPIES FOR VESICANT-INFLICTED
OCULAR INJURIES.

R. Agarwal1, N. Tewari-Singh1, A. Jain1, S. Inturi1, D. A. Ammar2, C.
Agarwal1, P. Tyagi1, U. Kompella1, 2, E. W. Robert2 and J. Petrash2, 1.
1Pharmaceutical Sciences, University of Colorado Denver, Aurora, CO and
2Opthalmology, University of Colorado Denver, Aurora, CO.
There are no effective and easily applied therapies against devastating ocular injuries caused by vesicating chemical agents such as sulfur mustard (SM), nitrogen
mustard (NM) and lewisite (LEW). Hence, studies were conducted to establish accessible ocular injury models suitable for laboratory studies on the pathogenesis of
eye lesions, associated mechanism/s, and efficacy studies; unavailability of this is
considered a major impediment. Analysis of 100 nmol NM exposed rabbit corneas
for 2 h (washed and cultured for 24 h), evidenced increases in epithelial thickness,
ulceration and necrosis, apoptotic cell death, epithelial detachment and microbullae formation, increase in the levels of angiogenic regulator VEGF, and induction of
COX-2 and MMP-9. Employing these biomarkers, efficacy studies were carried out
in the rabbit corneas untreated or treated with agents 2 h and every 4 h thereafter,

for 24 h following 100 nmol NM exposure. The agents employed were approved
prescription drugs dexamethasone (DM, 0.1%- anti-inflammatory steroid) and
doxycycline (DC, 100 nmol-antibiotic and MMP inhibitor) that have been effective in treating vesicant-induced eye injuries, and silibinin (SB, 100 μg, non-toxic
natural flavanone) found to be significantly effective in treating SM analog-induced
skin injuries in our earlier studies. Treatments of DC + DM, and SB were more effective than DC or DM alone in the reduction of NM-induced epithelial thickness,
microbullae formation, apoptotic cell death, and MMP-9 levels. However, DM and
SB were more effective in significantly (p<0.05) reversing NM-induced VEGF, and
DC, DM and SB were effective in reversing NM-induced COX-2 levels. Together,
these results show strong efficacy of these agents in reversing various attributes of
NM-induced ocular injuries. Further mechanistic as well as efficacy studies in NM,
SM, and LEW-induced ocular injury models would help develop mechanismdriven effective therapeutics against ocular injuries by vesicants.

1347

A MATHEMATICAL MODEL OF MEDICAL
COUNTERMEASURES FOR SULFUR MUSTARD
EXPOSURE.

J. Rodriguez, G. I. Reeves and G. E. McClellan. Applied Research Associates, Inc.,
Arlington, VA. Sponsor: B. Asgharian.
We present a mathematical model for treatment of injuries due to inhalation, ocular, and percutaneous exposure to sulfur mustard (HD). The model has been developed to predict the efficacy of treatment regimens for a variety of proposed medical
countermeasures (MCMs). The baseline model of HD exposure and resultant injury uses a series of rate equations that describe the damage of deoxyribonucleic
acid (DNA) in the nuclei of epithelial stem cells and the series of reactions that result in stem cell death, related tissue damage, and the signs and symptoms of injury
at the three different exposure sites. The treatment models include rate equations
for six classes of medical countermeasures proposed by the US Army Medical
Research Institute for Chemical Defense (USAMRICD). These models will aid in
the study of the efficacies of treatment regimens through predictions of the effect of
administration time, countermeasure dose, and frequency of dosing. We provide
the model framework and parameters for HD injury and for one member of each of
the six MCM classes: intracellular scavengers, cell cycle inhibitors, poly(ADP-ribose) polymerase (PARP) inhibitors, calcium modulators, protease inhibitors, and
anti-inflammatories. Model calculations may be used to analyze consequences of
exposure to HD and medical interventions based on various treatment combinations. The model may facilitate HD treatment planning and countermeasure development by providing a tool to demonstrate how these treatments work and will enable analysis of the effects of medical resource limitations in a mass casualty
situation on the outcome of treatment.

1348

ABSORPTION CHARACTERISTICS OF VX FOLLOWING
PERCUTANEOUS EXPOSURE OF HAIRLESS GUINEA
PIGS.

C. Byers1, C. Whalley1, L. Lumley2, E. Clarkson2 and E. Jakubowski1. 1ECBC,
US Army, Aberdeen Proving Ground, MD and 2MRICD, US Army, Aberdeen
Proving Ground, MD.
The chemical warfare agent (CWA) O-Ethyl-S-[2-(diisopropylamino) ethyl]
methylphosphonothiolate (VX) is a toxic, viscous, and persistent liquid. VX toxicity is caused by the inhibition of acetycholinesterase (AChE), which reacts covalently with the CWA to produce an inhibited O-alkyl methylphosphonylated enzyme complex. This complex can generate a phosphonyl moiety of VX (i.e.,
O-ethyl methylphosphonofluoridate (VX-G)) following a fluoride ion regeneration
reaction. To better characterize VX toxicity, the dermatopharmacokinetics following percutaneous (PC) exposure has been investigated in a hairless guinea pig
(HGP) model. HGP (n=4) were exposed to a single PC dose of neat VX (10.08,
17.64 μg) for a maximum of 24 hours, or until death. Tape strip (TS) samples, fullthickness skin homogenates (exposure and non-exposure site), and plasma samples
were all examined to determine VX levels. Samples were analyzed with either an
Agilent Technologies 1200 series LC/MS/MS or 7000A GC/MS/MS. TS samples
were found to contain concentrations ranging from a high of 1.92 ug, to a low of
0.0139 ug of VX recovered. The TS sample which contained the highest amount of
VX was taken from a HGP that received a dose of 17.64 ug of VX and died 5.7 hr
following exposure. The sum of 10 sequential TS samples accounted for 38.3%
(6.75 ug) of the total dose applied, with the maximum amount of 10.87% (1.92
ug) found in the first tape strip sampled. For the remaining 3 HGP’s that were sampled at 24 hrs, the 10 tape strips accounted for 11.47, 6.79, and 4.07% of the dose
applied. The amounts of VX found in the unexposed areas of skin were negligible,
while the amounts reported for exposed areas and plasma follow those levels found
in the TS. An assessment of these interrelated absorption values may provide insight
into VX bioavailability and subsequent toxicity in the HGP.
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TRANSIENT INHIBITION OF CONNEXIN43
EXPRESSION ATTENUATES THE ACUTE
INFLAMMATORY RESPONSE IN THE SKIN OF
HAIRLESS MICE EXPOSED TO THE SULFUR
MUSTARD ANALOG NITROGEN MUSTARD.

J. D. Wang1, R. A. Hahn1, M. K. Gordon1, R. P. Casillas2, D. R. Gerecke1 and
Y. Chang1. 1Pharmacology and Toxicology, Ernest Mario School of Pharmacy, Rutgers
University, Piscataway, NJ and 2MRIGlobal, Kansas City, MO.
Chemical-induced skin wounds generally result in an acute immune response. This
includes inflammatory cell infiltration and the production of cytokines,
chemokines and growth factors that influence migration and proliferation of cells
to repair the damage at wound sites. The local cell-cell communication may also
play a significant regulatory role in wound repairs. This local communication requires gap-junction proteins, the connexins, to maintain homeostasis in the skin
and directly influence wound repair. Mori et al ((J Cell Sci 119:5193-5203, 2006)
showed that a downregulation of connexin43 (Cx43) resulted in accelerated wound
healing in both incisional and burn skin wounds. We used Cx43 antisense
oligodeoxynucleotides (asODN) in SKH-1 mice exposed to nitrogen mustard
[NM, Bis (2-chloroethyl) methylamine] and observed the wound repair response.
Samples were collected at 1, 3, 7, and 10 days after NM exposure. Animals treated
with asODN had a significantly improved survival rate after 10 days when compared to all other control groups. Histological examination of tissue sections
showed less acute inflammation for the asODN treated group when compared to
the control groups. RT-PCR and Western blot analysis showed a reduction of Cx43
for days 1 and 3. Cx 26 and 30 were also reduced at days 1 and 3 as shown by RTPCR. IL1B, the proinflammatory cytokine is five times less in the asODN samples
compared to NM alone. IL10, the anti-inflammatory cytokine is three fold higher
compared to NM alone at three days post exposure. Macrophage elastase (MMP12) decreased at days 7 and 10 when compared to NM alone. This suggests a reduction in secondary damage and a promotion of wound repair. Taken together
this data shows the potential use of Cx43 asODN as a countermeasure to acute
vesicant exposure. Supported by ES005022, ES004738, EY09056, and NIAMS
U54AR055073

1350

ANTICONVULSANT EFFECTIVENESS OF
SCOPOLAMINE AGAINST SOMAN-INDUCED
SEIZURES IN AFRICAN GREEN MONKEYS.

J. H. McDonough, J. McMonagle, B. Capacio, I. Koplovitz and T. Shih.
Research Division, US Army Medical Research Institute of Chemical Defense,
Aberdeen Proving Ground, MD.
Prolonged epileptic seizures are a hallmark feature of intoxication with highly toxic
anticholinesterase nerve agents such as soman. Benzodiazepine drugs like diazepam
or midazolam are typically used to control these seizures. However, studies in both
rats and guinea pigs have shown that potent, centrally acting anticholinergic drugs
such as scopolamine can also terminate such seizures. The present study was performed to determine if scopolamine could produce similar anticonvulsant effects in
a nonhuman primate model of soman intoxication. Adult male African green monkeys, implanted with telemetry devices to record cortical electroencephalographic
activity, were pretreated with pyridostigmine (0.02 mg/kg; IM) and 40 min later
challenged with 15 ug/kg (IM) of the nerve agent soman. One min after soman exposure the animals were treated with atropine (0.4 mg/kg: IM) and the oxime 2PAM (25.7 mg/kg: IM). One min after the start of seizure activity the animals were
administered scopolamine (0.01 – 0.1 mg/kg; IM), using an up-down dosing design over successive animals. Scopolamine was highly effective in stopping somaninduced seizures under these conditions with an ED50 = 0.033 mg/kg (0.019 –
0.056 mg/kg = 95% confidence limits). Seizure control was rapid, with all epileptiform activity stopping on average 20.7 min after scopolamine treatment. A separate
PK study showed that absorption of scopolamine peaks at approximately 10 min
after IM administration and a dose of 0.032 mg/kg produced maximum plasma
levels of 16.9 ng/ml. The results show that scopolamine exerts potent and rapid anticonvulsant action against soman-induced seizures and that it may serve as a valuable adjunct to current antidote treatments for nerve agent intoxication.

1351

A FIELD-READY ANTIMICROBIAL WOUND DRESSING
FOR THE TREATMENT OF CUTANEOUS VESICANT
WOUNDS.

L. Allen-Hoffmann1, 2, K. Gratz1, N. Wieczorek1, T. Cleven2, S. Schlosser2, C.
Johnston1, R. Bauer1 and B. Steiglitz1. 1Stratatech Corporation, Madison, WI and
2University of Wisconsin-Madison, Madison, WI.
Burn casualties present significant challenges to the military medical system. Also,
instability in countries with suspected chemical vesicant stockpiles has increased the
risk of use these weapons by terrorist organizations. Susceptibility of thermal or
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vesicant burns to infection and the increasing incidence of multi-drug resistant bacteria highlight the need for novel approaches to combat infection.
EpiReadyDefense is a tissue-engineered therapeutic designed to promote healing by
providing antimicrobial peptides and barrier function to wounds. To facilitate development of this field-ready wound dressing, we have identified methods that permit prolonged storage at ambient temperature while preserving the ability to deliver
bioactive peptides. Clinically-tested NIKS® keratinocytes were stably transfected
with a non-viral vector to express elevated levels of the broad spectrum antimicrobial peptide cathelicidin. Fully-stratified skin substitutes were processed to eliminate viability and prolong storage. EpiReadyDefense tissues were evaluated for appearance, histology, viability, biomechanical and biochemical properties after
ambient storage for up to 12 months or after ambient storage for 5 months followed by storage at 40°C for 7 days. EpiReadyDefense retained epidermal architecture, tensile strength, and biological properties comparable to those of freshly-prepared tissues. In an in vitro antimicrobial activity assay EpiReadyDefense reduced
growth of S. carnosus by 82% relative to control cultures, similar to levels of inhibition achieved by viable tissues. Assessment of EpiReadyDefense activity in vivo is
ongoing using a murine model of cutaneous injury resulting from exposure to the
sulfur mustard analog 2-chloroethyl ethyl sulfide. These studies demonstrate that
EpiReadyDefense can be stored at ambient temperature for extended periods while
preserving biological activity. Further development of EpiReadyDefense should
provide a field-deployable skin substitute for treatment of cutaneous injuries.
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IDENTIFICATION OF POTENTIAL VESICANT
THERAPEUTIC TARGETS USING A HIGHTHROUGHPUT SIRNA SCREENING APPROACH.

A. L. Ruff, S. Beach, H. Bensinger, C. Rothwell and J. F. Dillman. Cellular and
Molecular Biology, USAMRICD, Aberdeen Proving Ground, MD.
Sulfur mustard (SM) is a potent vesicating agent that can induce severe eye, skin,
and lung injury. Though much is known regarding the pathology of SM injuries,
the molecular basis for this pathology is not well understood. General cellular
processes such as inflammation, DNA damage response, and apoptosis have been
hypothesized to be involved in SM injury. Several molecules (e.g. p38 MAPK, p53,
NF-kB) have been shown to be modulated in the response to SM, but to date there
are no specific therapeutics for this injury. Currently, there is a lack of specific therapeutic targets that have been shown to play a key role in clinical injury, which hinders directed drug screening efforts. High throughput siRNA screening, modeled
after pharmaceutical industry screening strategies, enables more rational, efficient,
and cost-effective follow-on drug screening efforts in vivo. A 2000 target subgenomic siRNA library targeting inflammatory pathways implicated in SM injury
was selected from historical microarray studies. This siRNA library was screened in
HaCaT cells, an immortalized human keratinocyte cell line. A strategy of a primary
screening of pooled siRNAs followed by library deconvolution and final target validation was employed. Hit selection for primary screening was based on inhibition
of SM-induced IL-8 expression as measured by ELISA. We have identified approximately 150 targets in the primary screen that meet our hit selection criterion of inhibiting SM-induced IL-8 expression to within 1.5-fold the expression of our positive control. The targets are now undergoing deconvolution. Ultimately, selected
targets will be validated in vivo by small molecule inhibitors, FDA-approved drugs,
if available, or in vivo siRNA nanoparticle delivery.
Disclaimer: The opinions or assertions contained herein are the private views of the
author(s) and are not to be construed as official or as reflecting the views of the
Army or the Department of Defense.
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DEVELOPMENT OF NOVEL METHODOLOGY FOR
THE ISOLATION AND EXPANSION OF MURINE
MESENCHYMAL STEM CELLS FOR USE AS TEST
MATERIAL IN THE TREATMENT OF CHEMICAL
INJURY.

E. B. Eaton, A. L. Ruff, J. F. Dillman and T. R. Varney. USAMRICD, Aberdeen
Proving Ground, MD.
The application of cellular therapies to treat chemical injury offers a novel and
promising approach to address longstanding challenges in the repair of tissue damage with regard to both structural and functional improvement. The results of currently published investigations describing mesenchymal stem cell (MSC) efficacy in
a variety of injury models demonstrate the unique qualities of this reparative cell
population to adapt to the requirements of the damaged tissue in which the cells integrate. MSC therapy represents a single medical intervention that can simultaneously provide a broad range of therapeutic efficacy, with local activity, at multiple
tissue and organ sites.
Here we report the isolation and cell culture expansion of murine MSCs to consistently and reliably produce pharmaceutical quantities of therapeutic product. The
methods employed are readily carried out in the laboratory, generate a greater vol-
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ume of bone marrow source material for MSC isolation than previously reported in
the literature (approximately 300 ul from the femurs and tibiae of 10 mice), and
produce greater than 14 million cells of passage 3 test material within 12 days of in
vitro culture expansion. The production strategy employs a unique centrifugationbased method for murine marrow isolation, maintenance of low cell culture density
during growth (particularly at passage 0), and growth over a fibronectin-coated cell
surface. Characterization of stem cell properties of isolated MSC test lots is shown
by osteogenic and adipogenic differentiation.
We have previously isolated rat and rabbit MSCs for evaluation as candidate therapeutics to treat injury resulting from chemical warfare agent exposure. Extension of
MSC studies to include the mouse as an experimental model would allow the investigator to take advantage of a wide array of genetic mutants available for stem
cell identification, post-infusion cell tracking studies and injury pathway analyses.

1354

DEVELOPMENT OF PRELIMINARY INDOOR
CLEARANCE LEVELS FOR CHEMICAL WARFARE
AGENTS FOR EMERGENCY PREPAREDNESS.

K. Riveles and R. Blaisdell. The Office of Environmental Health Hazard Assessment,
Cal/EPA, Sacramento, CA.
Clean up of public facilities following a Chemical Warfare Agent (CWA) terrorist
attack will require Clearance Levels for inhalation exposure. Developing these values by examination of complex toxicological and exposure issues and determination
of sensitive subpopulations prior to an incident involving CWAs, is likely to have
broad applicability to many incidents. This should also help risk managers to plan
and expedite remediation activities because clearance levels will help guide selection
of remediation and sampling methods. Therefore, we reviewed the toxicology of
sarin and sulfur mustard, and examined exposure scenarios for workers and public
use of an example indoor airport facility. The Preliminary Clearance Level for agent
sarin (GB) is based on a well-conducted study by Mioduszewski 2002 on young
adult SD rats exposed whole-body to sarin vapor (0.01 to 0.48 mg/m3) for 10, 60,
or 240 minutes. Analysis of pre- and post-exposure rat pupil diameters allowed determination of EC50 values for miosis (defined as a post-exposure pupil diameter of
50% or less of the pre-exposure diameter in 50% of the exposed population). We
used the EC50 for miosis (0.068 mg/m3) (p = 0.014) in female SD rats after 10
minutes of exposure as our point of departure and performed a benchmark dose
analysis (Hill Model) of the data. The clearance value for sulfur mustard was determined from a study by Anderson where 70 human volunteers were exposed to
vapor (1-16 mg/m3) for 2 to 33 minutes and mild ocular effects was the critical effect at 12 mg-min/m3. To accommodate known variation in human cholinesterase
and carboxylesterase activity that may make some individuals susceptible to the effects of cholinesterase inhibitors, such as nerve agents, the intraspecies uncertainty
factor was set to 30. The preliminary indoor clearance values for sarin and sulfur
mustard are 3.15 x 10-4 mg/m3 and 8.30 x 10-4 mg/m3, respectively.

1355

COMPLEX MODEL SYSTEM FOR INVESTIGATING
NEW SULFUR DONORS FOR CYANIDE ANTAGONISM.

I. Petrikovics1, C. J. Jaszberenyi1, M. Ancha1, B. Feleke1, A. Nagy1, K. Kovacs1
and G. A. Rockwood2. 1Chemistry, Sam Houston State University, Huntsville, TX
and 2Analytical Toxicology, US AMICD, Aberdeen Proving Ground, MD.
Conversion of cyanide to the less toxic thiocyanate in the presence of a sulfur donor
is catalyzed by rhodanese. Earlier studies indicated that the approach of administering exogenous rhodanese and sulfur donor provides significant antidotal protection
against cyanide. To investigate new sulfur donors, a “Complex Model System” was
setup. This complex investigation system consists of the following units: Screening
(semi-quantitative method); in vitro efficacy (sulfur donor reactivity); in vivo efficacy (antidotal potency ratio on mice model); bioavailabity/pharmacokinetics/absorption kinetics and toxicity estimation on mice model. Each unit involves applications of pre-formulation/formulation techniques. Test molecules involve
synthesized sulfane sulfur compounds, and commercially available selected molecules. Lipophilicity is characterized by octanol-water partition coefficient.
Analytical method developments (GC-MS; HPLC) are employed to measure the
test sulfur donors. The rates of product formation in the presence and in the absence of rhodanese are determined spectrophotometrically, based on the colored
complex formation of thiocyanate with Fe3+. Converting lipophilic molecules to
the water-soluble forms needs applications of various pre-formulation techniques
(solubility enhancement, cosolvent application). The selected and characterized effective sulfur donors are further studied in vivo. Formulation techniques include
applications of various nano-delivery systems, such as micelles and liposomes. The
in vitro and in vivo efficacies are compared to the clinically applied thiosulfate. This
complex investigation method can serve as a practical tool for developing new sulfur donor type cyanide antidotal systems. By applying this “Complex Model
System”, one from the 20 screened molecules, (IPMAB6), proved to have highly superior in vitro and in vivo efficacy over the clinical therapy thiosulfate.
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DESIGN OF AN IN VITRO CHAMBER TO STUDY
REALISTIC OCCUPATIONAL EXPOSURE OF
ENGINEERED NANOMATERIALS.

C. Grabinski1, 2, M. Sankaran2 and S. Hussain1. 1711 HPW/RHDJW—Air Force
Research Laboratory, Wright-Patterson AFB, Dayton, OH and 2Chemical Engineering,
Case Western Reserve University, Cleveland, OH.
Many studies have been conducted to address the toxicity of engineered nanomaterials (NMs). However, current in vitro methods require dispersion of NMs in biological media before administration to cells or tissue models, which does not mimic
realistic inhalation exposure and often yields inconclusive results. The objective of
this study is to design an in vitro chamber to mimic realistic inhalation exposure by
delivering well-characterized NMs dispersed in the gas phase to cells and tissues
grown at the air-liquid interface. NMs were dispersed in the gas phase using
Electrospray technology, and a commercially available horizontal diffusion chamber
was modified using machining techniques to optimize it for NM deposition. Fresh
media was provided to the basal side of cells grown on a porous membrane, and a
heat plate was used to maintain the internal temperature of the system at 37°C.
Initial studies were carried out to determine whether cells could be sustained in this
system without NM exposure by comparing the proliferation and morphology of
cells grown on the membrane support under traditional conditions (submerged in
media and incubated at 5% CO2, 37°C) versus cells exposed to air flow from the
Electrospray (95% air, 5% CO2) for 0.5 - 120 minutes. Results show that cells can
be sustained successfully in the chamber for up to 1 hour at a flow rate of 250
mL/min. Additional studies were performed to analyze the gas phase generation
and deposition of NMs produced by Electrospray. Results demonstrated successful
generation of 60 nm Ag and Au NMs and uniform deposition in the presence of an
electric field. Future studies will be carried out to assess the effect of NMs on cells
or tissue models exposed at the air-liquid interface. The results of these studies
allow for optimized NM delivery and toxicity endpoints for realistic in vitro inhalation toxicology investigation.

1357

IMMORTALIZED PERIPHERAL MACROPHAGE (RAW
264.7) AND IMMORTALIZED MICROGLIAL
RESPONSES TO C60 FULLERENES.

K. A. Russ1, B. Schneider1, I. C. Speirs1, A. Dews1, P. Elvati2, A. Violi2 and M.
A. Philbert1. 1EHS, University of Michigan, Ann Arbor, MI and 2Mechanical
Engineering, University of Michigan, Ann Arbor, MI.
The normal CNS is physically isolated from the immune cells of the periphery by
the blood brain barrier. However, the CNS contains microglia which function as
immune-competent phagocytic cells. In this study, the response of immortalized
microglial cells (EOC 20) following exposure to C60 fullerene was compared to that
of immortalized peripheral macrophages (RAW 264.7). After exposure to 0.1, 0.2,
0.5, 0.76, 1, or 4 μg/mL C60, microglia and RAW 264.7 cells were monitored for
alterations in proliferation rate, caspase 3/7 activation, and changes in mitochondrial dehydrogenase activity. Statistically significant decreases were observed in RAW
264.7 cells exposed to 1 μg/mL and 4 μg/mL C60 whereas microglia showed a statistically significant decrease in proliferation only at the 4 μg/mL C60 exposure. In
immortalized microglia, caspase 3/7 activation was shown to have statistically significant increases at 0.76 μg/mL and 1 μg/mL C60 exposure whereas at the 4
μg/mL exposure level there was a statistically significant decrease in caspase activation. In contrast, RAW 264.7 immortalized macrophages showed no statistically
significant changes in caspase activation at any concentration. Mitochondrial dehydrogenase activity was not significantly altered in either RAW 264.7 cells or microglial cells at any of the concentrations of C60 examined. These results suggest
that both the immortalized microglia and RAW 264.7 cells are susceptible to C60induced changes in cell proliferation and casapse 3/7 activation. The decrease in
proliferation seen in both cell types may be due to C60 interaction with growth receptors in the cell. The molecular mechanisms that render immortalized microglia
more susceptible to activation of key caspases than their peripheral counterparts are
currently under investigation. However, ab initio molecular models provide compelling indications that diffusion of C60 into the cell membrane may interfere with
cell signaling processes.
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APPLICATION OF QSAR MODELING TO PREDICT
METAL NANOPARTICLE TOXICITY.

N. M. Schaeublin1, E. I. Maurer1, A. Gajewicz2, 3, T. Puzyn2, 3, J. Leszczynski3
and S. M. Hussain1. 1711 HPW; RHDJ Air Force Research Labs, Wright-Patterson
AFB, Dayton, OH, 2Department of Chemistry, University of Gdansk, Gdansk,
Poland and 3Department of Chemistry, Jackson State University, Jackson, MS.
Metal nanoparticles (NPs) are currently being used in a wide variety of applications,
yet not enough is known about their impact following exposure. Due to the increase in NP applications, there is a need to quickly screen their potential toxicity.

However, as traditional toxicity evaluations are costly and time consuming, computational methods are being used as cost effective options to identify potential toxic
NPs. The present study demonstrated that the quantitative structure-activity relationship (QSAR) method can be used to predict the toxicity of an assortment of
metal oxide NPs based on the results of standard toxicity evaluations. TEM images
of the NPs alone and in the cells were used to define several molecular descriptors
for twenty different metal oxides. Additionally, changes in cell viability and generation of reactive oxygen species (ROS) were evaluated using a human keratinocyte
(HaCaT) cell line as a model for dermal exposure. The results of the toxicity assays
identified a LD50 value for all the NPs and indicated that zinc oxide (ZnO) was the
most toxic of the NPs tested. The ZnO LD50 value was 27 μg/ml while the majority of the other NPs, including indium, lanthanum and tungsten, had a LD50 >250
μg/ml. The combined experimental-theoretical study allows for the development of
a model that links experimental data with descriptors acquired based on the computationally predicted molecular characteristics. Such a model could be applied not
only to metal oxides investigated in the current work, but also to unexplored related
species. This approach provides an efficient method of evaluation of various groups
of nanoparticles.

1359

CELL IMPEDANCE AS A SENSITIVE TECHNIQUE FOR
THE STUDY OF THE CYTOTOXICITY OF GOLD
NANOPARTICLES IN VITRO.

M. Vetten and M. Gulumian. Toxicology and Biochemistry Section, National
Institute for Occupational Health, Johannesburg, South Africa.
Potential limitations exist for the application of traditional in vitro cytotoxicity assays for nanotoxicity studies. Properties such as their large surface area increase their
adsorption capacity for substrates and dyes thereby increasing the possibility of interference with the assay. In addition, gold nanoparticles display optical properties
that could potentially interfere with absorption or fluorescence-based assays.
Therefore the goal of this study was to use of the xCELLigence RTCA system
which makes use of real-time, label-free measurements of cell impedance as a measure of in vitro cytotoxicity. The gold nanoparticles used in this study were colloidal
particles liganded to various functional groups. Control wells indicated that the
gold nanoparticles did not interfere with the cell impedance of the electrodes, and
allowed for the toxicity of the gold nanoparticles to be determined without hindrance. Cytotoxicity was influenced by the functional groups present on the gold
nanoparticles. In conclusion, the cell impedance data provided real-time cytotoxicity measurements which provided a more efficient alternative to performing time
and concentration studies than using traditional end-point assays. In addition this
methodology eliminated any interference of the nanoparticles with any
substrate/dye and optical properties of the nanoparticles did not have any negative
effect on the assay.

1360

TOXICITY OF ASSESSMENT OF SILVER
NANOPARTICLES: IMPLICATIONS OF ION
DISSOLUTION.

E. Maurer1, K. Comfort1, E. Breitner2 and S. Hussain1. 1Applied Biotechnology
Branch, Human Effectiveness Directorate, Air Force Research Laboratory, WrightPatterson AFB, Dayton, OH and 2Department of Biomedical Engineering, University
of Toledo, Toledo, OH.
Due to the increase in mass production and use in consumer products as antimicrobial agents, silver nanoparticle (Ag NP) toxicity has been studied to determine
possible cellular interactions. Studies suggest that Ag NP toxicity is directly linked
to Ag ion dissociation. However, this concept has not been fully explored. The aim
of this research was to evaluate whether lung epithelial cell (A549) toxicity is derived from Ag NP diameter/surface area or concentration of ion dissociation. To investigate ion dissolution, tangential flow filtration (TFF) was conducted on
nanoparticle solutions. This unique filtration method retains large particles within
the continuous flow path while allowing smaller material (ions) to pass through.
Use of this technique enables distinct separation of the NPs and their solvated ions
for quantification utilizing inductively coupled mass spectrometry (ICP-MS). Here
it is shown that when placed in solution, Ag NPs (10 and 50nm diameter, with surface area concentrations of 1-25*1014 nm2) undergo dissolution and produce silver
ions. NP dissolution was monitored under complex physiological solutions (cellular medium, alveolar fluid, and an acidic solution) in order to mimic the cell culture
exposure environment. TFF was conducted and quantification was performed
using ICP-MS and a time dependent increase in ion production was seen. Once the
ions and NPs were separated, cells were exposed to only the ions, only the NPs, or
the unfiltered combination of ions and NPs. The ions alone displayed no change in
cell viability, while the NPs alone demonstrated mild to moderate toxicity. The
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most pronounced toxic effect was observed from the unfiltered NPs with ions indicating that both NPs and ions contribute to Ag NP toxicity. This research is essential in determining the source of toxicity from the nanoparticle/ion and can be expanded to other materials.

1361

ROLE OF CONTROLLED AGGLOMERATION OF IRON
OXIDE NANOPARTICLES ON CELLULAR RESPONSE
IN MOUSE C10 LUNG EPITHELIAL CELLS.

B. Thrall1, 4, G. Sharma2, 1, 4, V. Kodali1, M. Gaffrey1, 4, W. Wang3, 4, K.
Hostetler1, K. Minard1, 4, N. Karin1, 4 and J. Teeguarden1, 4. 1Biological Sciences,
Pacific Northwest National Lab, Richland, WA, 2Battelle—Columbus, Columbus,
OH, 3Oak Ridge National Laboratory, Oak Ridge, TN and 4Fundamental and
Applied Systems Toxicology (B-FAST), Battelle, Columbus, OH.
Nanoparticle (NP) agglomeration in typical culture media is a known confounder
of in vitro studies as it affects not only the total delivered dose and kinetics of particle uptake but also the mechanism of uptake. The use of thoroughly characterized
NPs of the same composition, shape, and controlled degree of agglomeration therefore allows for separation of physical (rate of particle uptake, agglomeration, sedimentation) and biological effects (oxidative stress, cytotoxicity etc.). In the present
work we investigate how the size and agglomeration state of iron oxide NPs influence cell dose and cellular response in mouse lung epithelial cells.
We have developed a novel two-step approach to understand the relationship between applied and delivered particle dose and the physical state of the NP. In the
first step iron oxide NPs were made to agglomerate in a controlled fashion by
changing the salt concentration in particle suspension followed by coating with
serum to create stable agglomerates with diameter ranging from 75nm-1um. In the
next step we used magnetic particle detection (MPD) developed in our lab to quantify the absolute cell associated dose (picograms per cell) of NPs. The MPD uses a
time varying electromagnetic field and utilizes particle magnetism to precisely
measure cell associated dose of particles. It has several advantages including high
sensitivity, signal stability and minimal sample preparation. Studies using both
amine- and carboxy-modified iron oxide NPs demonstrate that agglomeration state
not only changes the amount of dose delivered to cells but also affects their potential to induce cytotoxicity and oxidative stress. Our combined approach provides a
highly quantitative experimental framework for evaluating relationships between
biocompatibility of NPs and its physical form in a controlled manner.

1362

ROLE OF SIZE AND SURFACE COATING ON SILVER
NANOPRISM TOXICITY.

K. M. Morrison, S. Fox, N. M. Schaeublin, L. K. Braydich-Stolle and S. M.
Hussain. 711 HPW/RHDJ AFRL, Wright-Patterson AFB, Dayton, OH.
Since silver nanoprisms (Ag NPs) have unique optical properties and tunability toward distinct plasmon resonances in the visible and near infrared regions, they are
excellent candidates for technologies such as photovoltaics, molecular sensors and
photothermal therapies. Therefore, it is crucial to assess the potential biological impact of Ag NPs before integrating them into biological applications. This study
evaluated the toxicity of five different sized Ag NPs (30, 45, 75, 100, 145 nm with
a width of 10 nm) with two different surface coatings (citrate and polyvinyl phosphate (PVP)) using realistic dosing concentrations consistent with occupational setting exposure levels. Additionally, silver nanospheres (Ag NS) with citrate and PVP
surface coatings and diameters of 30, 35, 50 and 55 nm were evaluated as a control.
Cell morphology, Ag nanomaterial uptake and localization, generation of reactive
oxygen species (ROS) and changes in gene expression were assessed using the
human keratinocyte (HaCaT) cell line as a model for dermal exposure. The results
showed no decrease in cellular viability, regardless of size, surface coating, or shape.
However, all of the 30 and 45nm Ag NPs (citrate and PVP coated) demonstrated
an increase in ROS at 4pg/ml. Furthermore, these same Ag NPs exhibited changes
in several stress and toxicity genes dependent on size and coating, indicating that
while not toxic, the variation in the Ag NP parameters has a distinct impact on the
cellular response.

1363

MUCILAIR™ VERSUS RAW264.7 CELLS IN
NANOTOXICOLOGY.

F. A. van Acker1, M. Gröllers2, A. Reus1, Y. Staal1, E. Zondervan2 and F.
Kuper2. 1TNO Triskelion, Zeist, Netherlands and 2TNO, Zeist, Netherlands.
Sponsor: R. Woutersen.
With increasing applications of engineered nanomaterials (ENM) resulting in increasing exposure, the safety must be addressed along with the design of new materials. Animal testing may not be a desired test method for thousands of new nano-
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materials because of the ethical concerns. Therefore, development of predictive in
vitro toxicological screening can be valuable to rank ENM to determine priority for
subsequent in vivo testing. In vitro nanomaterials are predominantly studied in
A549 or RAW 264.7 cell lines. However, using human 3D airway models opens up
new possibilities in testing nanomaterials. These models consist of fully differentiated human epithelial cells and allow relevant exposure via air as they are cultured at
an air-liquid interface. To investigate the applicability of human 3D airway models
in the safety assessment of nanomaterials, we compared the toxicity of SiO2 and
CeO2 nanoparticles on MucilAir™ (EpiThelix Sàrl) to RAW 264.7 macrophages.
MucilAir™ inserts and RAW 264.7 cells were exposed for 24h to the nanoparticles
via droplet exposure on the tissue surface and via the medium, respectively.
Cytotoxicity was measured by LDH (both) and TEER (MucilAir™) or MTT
(RAW 264.7). Different cytokines were analysed in culture medium as a measure
for inflammation. Oxidative stress and genotoxicity were evaluated by HO-1 expression and Comet assay, respectively. In RAW 264.7 cells, SiO2 and CeO2 were
cytotoxic at similar concentrations, but SiO2 only induced TNF-α, whereas CeO2
only induced HO-1 expression and % tail DNA. In MucilAir™, no significant effects were seen on all endpoints up to 10-fold higher concentrations. It seems that
MucilAir™ is less sensitive (but possibly more realistic?) compared to cell lines towards particle induced toxicity. In future, we will optimize experimental conditions
and further assess the applicability of these 3D models by exposure via different
routes and compare the results with both cell culture and in vivo inhalation data.
Ultimately, these models may be useful in the first tier(s) of the safety evaluation of
engineered nanomaterials.

1364

CARDIOPULMONARY EFFECTS OF ENGINEERED
IRON OXIDE NANOPARTICLES.

C. Teesy, C. Chui, G. Leng and K. Pinkerton. Pharmacology/Toxicology,
University of California Davis, Davis, CA.
Engineered nanoparticles are widely applied in fields from medicine to industrial
settings. While usage of these particles can greatly enhance therapeutics, especially
in medicine, little is still known about their potential to cause harm and toxicity in
humans. Among engineered nanoparticles is nano-iron oxide, also found as a constituent in combustion emissions. While it is known diesel exhaust (DE) can cause
detrimental health effects, little is known which constitents of DE elicit these effects or the mechanisms involved. In this study, apolipoprotein E (apoE) deficient
mice were subdivided into four groups based on diet type and exposure condition.
Mice were placed on either a normal or high fat diet, and exposed to either filtered
air or combustion-generated iron oxide (approx. 60 nm diameter) using whole
body inhalation for 6 hours/day, 5 days/week for 12 weeks. Bronchoalveolar lavage
(BAL) was taken and analyzed for cell number and cytotoxicity. Lungs and hearts
were analyzed for the presence of iron-oxide, plaque formation, and inflammation.
Analysis of BALF showed no signs increased cytotoxicity between the normal fat
and high fat diet. Analysis of plaque formation between normal and high fat diets
showed increased plaque formation in the high fat diet group, but no difference between filtered air and iron oxide-exposed animals. Examination of the aortic valve
demonstrated the presence of iron deposits only in plaques of animals exposed iron
oxide. Plaque formation was significantly exacerbated within in the aortic valve and
abdominal aorta of animals on a high fat diet, however, exposure to combustion
particles did not change the degree of these lesions in apoE mice. We conclude exposure to nano-iron oxide did not worsen plaque formation, but resulted in significant iron localization within plaques following extended particle inhalation.
Further studies are warranted to determine how and why nano-iron oxide particles
localize to these areas of plaque formation and whether this might enhance cardiovascular disease.

1365

A STRATEGY FOR OVERCOMING CHALLENGES
ASSOCIATED WITH MEASURING NANOPARTICLE
BIOKINETICS: TITANOMAGNETITE NANOPARTICLE
BIOKINETICS IN MICE.

J. N. Smith, K. R. Minard, K. E. Hosteler, C. I. Pearce and J. G. Pounds. Pacific
Northwest National Laboratory, Richland, WA.
When conducting in vivo studies with metal or metal oxide nanoparticles, a lingering question exists of whether nanoparticles or dissolved ions are being measured by
traditional analytical methods (e.g. inductively coupled plasma mass spectrometry
[ICP-MS]). These challenges are further highlighted when measuring nanoparticle
clearance from tissues; which, in the case of nanoparticles, can be very long and significant nanoparticle dissolution may exist. To overcome this challenge, we have developed a strategy utilizing titanomagnetite nanoparticles (Fe2.6Ti0.4O4, 11.5 nm
core diameter), which are magnetite nanoparticles containing titanium in the lattice structure. These nanoparticles have superparamagnetic properties that disappear upon particle dissolution, which allow accurate particle quantification using

magnetic resonance imaging (MRI) and magnetic particle detection (MPD). These
nanoparticles also have an internal “tracer” (Ti), which ICP-MS can exploit for
measurement of total mass (particle plus ionic Ti) with high sensitivity. To exploit
these properties, plasma-coated titanomagnetite particles (80 μg) were administered iv to male C57BL/6J mice with jugular vein cannulae. These particles had a
hydrodynamic mode diameter of 72 nm (by relative number) as determined by dynamic light scattering. Real-time imaging using MRI demonstrated rapid uptake by
the liver in as little as 5 min. In tandem, MPD and ICP-MS quantified rapid blood
clearance, and at 1.5 hr, 39% of the dose was in the liver and 3.5% of the dose was
in the spleen. Additional time-course, dose-dependent, and route-dependent studies are planned to further characterize nanoparticle biokinetics using this strategy.
These studies, coupled with computational modeling techniques, will ultimately
provide a framework to extrapolate the biological fate of nanoparticles in mice to
humans.
Supported by U19 ES019544-01 from the National Institute of Environmental
Health Sciences.
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ASSESSMENT OF SEMICONDUCTOR NANOTOXICITY:
COMPARISONS BETWEEN HUMAN PRIMARY
BRONCHIAL EPITHELIAL CELLS AND AN IN VITRO
LUNG TISSUE MODEL.

A. Nagy, A. Steinbruck, J. Gao, J. Hollingsworth and R. Iyer. Los Alamos
National Laboratory, Los Alamos, NM.
The field of nanotechnology has exploded in the past decade while health consequences from consumer and occupational exposure to nanoparticles have lagged.
We compared the bioimpact of three key physico-chemical properties of semiconductor nanomaterials - composition, shape and charge in human primary bronchial
epithelial cells (NHBEs) and an NHBE-derived lung tissue model, to represent inhalation exposure. The 3D lung tissue is postulated to be a more physiologically relevant system than monolayer cell cultures. NHBE cells and lung tissue were exposed to CdSe and InP quantum dots (QDs) and nanowires (NWs) and
production of reactive oxygen species (ROS), proliferation, necrosis and apoptosis
were analyzed. Changes in gene expression were also measured.
We observed a significant property-dependent differential response in both cells
and tissues. InP was less cytotoxic than CdSe QDs, we also observed charged-based
differences between these two NPs, in that the positively charged QDs were notably
more toxic at much lower concentrations compared to negatively charged QDs. On
further investigation, CdSe QDs enhanced intracellular ROS levels compared to
InP. To determine the mechanisms underlying these responses we performed gene
level analyses. Gene analyses revealed that low concentrations of positive CdSe QDs
increased expression of CYP1A1, CYP1B1 and UCP-3 indicating that the mechanism of positive CdSe QD toxicity may be derived from perturbations in mitochondrial processes. While negatively charged CdSe QDs did not alter lung tissue
viability, CdSe wires were found to induce massive apoptosis in a dose dependent
manner. Our results indicate that charge plays a predominant role in semiconductor nanotoxicity where positively charged materials greatly reduced survival.
Further, InP QDs and NW did not appear to have adverse effects on NHBE cells or
lung tissue, while CdSe containing materials decreased viability albeit through different mechanisms.
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INDUCED T-CELL CYTOKINE PRODUCTION IS
ENHANCED BY ENGINEERED NANOMATERIALS.

B. L. Kaplan1, 4, W. Chen2, 4, Q. Zhang3, G. L. Baker3 and N. E. Kaminski1, 4.
1Pharmacology and Toxicology, Michigan State University, East Lansing, MI,
2Department of Microbiology and Molecular Genetics, Michigan State University,
East Lansing, MI, 3Department of Chemistry, Michigan State University, East
Lansing, MI and 4Center for Integrative Toxicology, Michigan State University, East
Lansing, MI.
Engineered nanomaterials (ENM) are being used in various commercial products.
However, a significant concern is the potential for ENM to cause adverse effects on
human health, as evidenced by exacerbation of allergic airway disease. The objective
of this interdisciplinary research is to investigate the putative adjuvant properties of
ENM on biological responses at the animal, cell, and membrane levels.
Polyethylene glycol–coated (PEGylated) ENM were synthesized by chemists on our
team and used in the current studies. At the cell level, two in vitro mouse models
were utilized to examine the effect of ENM on dendritic cell (DC)–induced T cell
effector function. Ovalbumin (OVA)–derived peptide OVA257–264 was presented by
1.) endogenous antigen presenting cells in splenocytes or 2.) a mouse DC line,
DC2.4. Interferon (IFN)γ and interleukin (IL)–2 secreted by CD8+ T cells were
measured with and without PEGylated ENM by flow cytometry. In both models,
at modest OVA257–264 stimulation levels, PEGylated ENM enhanced IFNγ and

IL–2 production by CD8+ T cells, with the IFNγ response being stronger than the
IL–2 response. Cytokine production was also compared between PEGylated ENM
modified with various functional groups (–COOH, –NH2, –OH), which enhanced the response at different levels. Collectively, these results suggest the potential adjuvant effect of PEGylated ENM on DC–induced T cell effector function
and will complement other studies being conducted by the team at the membrane
and the intact animal level (Supported by NIH Grant RC2 ES018756).
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ROLE OF NANOPARTICLE SURFACE CHEMISTRY ON
CELLULAR RECOGNITION AND UPTAKE BY
MACROPHAGE SCAVENGER RECEPTOR-A.

B. Thrall, M. Littke, G. Sharma, Y. Xiong and K. Minard. Biological Sciences,
Pacific Northwest National Lab, Richland, WA.
The internalization of engineered nanoparticles (ENPs) into cells is known to involve active transport mechanisms, but the precise biological molecules involved in
these processes are poorly understood. We previously demonstrated macrophage
scavenger receptor A (SR-A) is involved in the uptake of amorphous silica nanoparticles. We have extended this work to investigate the mechanism of SR-A mediated
ENP recognition across a wider range of ENP types. We used flow cytometry and
magnetic particle detection to quantify the rates of uptake of fluorescent polystyrene (50-100 nm), fluorescent silica (50nm), and superparamagnetic iron oxide
(33nm) ENPs bearing different surface charge modifications. Uptake of ENPs bearing anionic surface chemistries (unmodified, carboxylated) into macrophage cells is
strongly inhibited when endogenous expression of scavenger receptor A (SR-A) is
silenced. Uptake of anionic ENPs in human cells normally devoid of scavenger receptors was also significantly enhanced when SR-A was expressed. In contrast, uptake of cationic (aminated) ENPs occurred in an SR-A independent manner. Across
a panel of particles with varying charge our results show a strong correlation between ENP charge and SR-A dependent uptake. We also found that human serum
albumin, the major component of the plasma protein corona and a reported SR-A
ligand, adsorbed to anionic and amine-modified ENPs with dramatically different
affinities, which further impacted differences in the rates of uptake of the ENPs.
Thus, surface charge is a critical ENP characteristic that drives protein corona formation and stability, as well as SR-A- mediated uptake into macrophages.
This work was supported by NIEHS Grants ES016212 and U19-ES019544.
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THREE HUMAN CELL TYPES RESPOND TO
ENGINEERED NANOMATERIALS WITH CELLSPECIFIC TRANSCRIPTOMIC AND PROTEOMIC
EXPRESSION PATTERNS.

G. Orr1, S. Tilton1, N. Karin1, A. Tolic1, Y. Xie1, R. Hamilton3, X. Lai2, K.
Waters1, A. Holian3 and F. Witzmann2. 1Pacific Northwest National Laboratory,
Richland, WA, 2Indiana University, Indianapolis, IN and 3University of Montana,
Missoula, MT.
The growing use of engineered nanoparticles (NP) in commercial and medical applications raises the urgent need for tools that can predict NP properties that are
toxic or biocompatible. We conducted global transcriptome and proteome analyses
of three human cell types, exposed to two distinct NP types to identify patterns of
expression that might predict toxicity or biocompatibility. Macrophage like (THP1), small airway epithelial (SAE), and intestinal (Caco-2/HT29-MTX) cell lines
were exposed to TiO2 nanobelts (TiO2-NB; high toxicity), and multi-walled carbon nanotubes (MWCNT; low toxicity) at low (10 μg/ml) and high (100 μg/ml)
doses for 1 and 24 hr. Each cell type responded to the NPs with a unique pattern of
gene and protein expressions, with no differentially expressed (p<0.05, 1.5-fold
change) genes or proteins overlapping across the three cell types. In all cells, the 1 hr
response was primarily independent of NP type, showing similar expression patterns in response to TiO2-NB and MWCNT. The 24 hr response was unique to
each NP type. Furthermore, the most significantly (p<0.05) enriched biological
processes were also different for each cell type. The 24 hr response of THP-1 cells to
TiO2-NB showed regulation of processes important for inflammation and immune
response while the response to MWCNT primarily showed regulation of processes
governing cell cycle and DNA repair. In contrast, the 24 hr response in SAE and
Caco-2/HT29-MTX cells was mostly TiO2-NB-specific, with few significant genes
regulated by MWCNT. Overall, each cell type responded with unique patterns of
genes, proteins and biological processes. Early responses were mostly common to
both NP types, while late responses were unique, mostly specific for TiO2-NB.
This work is supported by NIEHS grants: RC2ES018025-01S1(to FW),
RC2ES018742-01S1 (to AH) NIEHS 1RC2ES018786-01S1 (to GO).
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DISPOSITION OF AMPHIPHILIC POLYMER-COATED
CD/SE/ZNS QUANTUM DOTS AND CADMIUM IN THE
SPLEEN OF GCLM- HETEROZYGOUS, AND WILDTYPE MICE.

L. McConnachie, D. Botta, T. Zalobowski, C. C. White, J. Yu, R. Dills, X.
Yu, W. C. Griffith, X. Hu, X. Gao, E. M. Faustman and T. J. Kavanagh.
University of Washington., Seattle, WA.
Recent advances in nanotechnology have permitted the use of semi-conductor
quantum dots (QDs) in a wide variety of novel applications. QDs are amenable to
surface modifications that allow a high degree of target specificity for intracellular
labeling and tracking studies for use in areas such as drug discovery, intracellular reporting, and molecular trafficking. However, the potential toxicity of these particles
when used for in vivo human applications is of concern because their core constituents are generally composed of metals such as cadmium, teleurium, or selenium that can be released upon particle degradation. We have synthesized
CdSe/ZnS core/shell QDs with a tri-n-octylphospine oxide, poly(maleic anhydride-alt-1-tetradecene) (TOPO-PMAT) coating. Although designed to be stable,
these particles may release Cd. The well-characterized toxicity of Cd is modulated,
in part, by glutathione (GSH). To further our understanding of the role GSH may
play in cadmium toxicity associated with in vivo QD exposure, GCLM-null (a
model of GSH depletion), GCLM-heterozygous and wild-type mice were administered a single intravenous dose of QDs at 6 μg Cd equivalents/kg body weight.
Mice were sacrificed at 10, 30, 60, 180 and 480 minutes. At all time points, the
amount of Cd in the spleen, as assessed by ICP-MS, was higher in male GCLMnull mice as compared to male GCLM wild-type or heterozygous mice. For female
mice, this only occurred at 480 minutes. Furthermore, fluorescent microscopic
analysis indicated a more rapid degradation of the QDs in the spleens of female
GCLM-null mice. PBPK modeling also indicated a dramatic difference among the
genotypes in the disposition of QDs and Cd. Collectively, these data suggest that
mice with low GSH are limited in their ability to bind and export GSH-Cd complexes, thereby accumulating the metal in metallothionein-Cd complexes.
Supported by NIH grants P30ES07033, R01ES016189, T32ES07032, and
U19ES019545.

1371

MWCNTS INDUCE AN OXIDATIVE STRESS RESPONSE
IN IMMORTALIZED MURINE HEPATOCYTES.

A. E. von dem Bussche1, C. A. Vaslet1, P. Ferland1, N. J. Messier1, R. Hurt2 and
A. B. Kane1. 1Pathology and Laboratory Medicine, Brown University, Providence, RI
and 2School of Engineering, Brown University, Providence, RI. Sponsor: M. Hixon.
Multiwalled carbon nanotubes (MWCNTs) have been reported to be taken up by
the reticuloendothelial system (liver, spleen, bone marrow) when injected into mice
and are excreted in the bile and urine (Liu et al., PNAS 2008), motivating studies
of potential toxicity to hepatocytes.
This study focuses on oxidative stress pathways following exposure of murine liver
AML12 cells to carbon nanomaterials. After 24 hours, two commercial samples of
MWCNTs induced limited in vitro toxicity while carbon black nanoparticles with
equivalent surface area were nontoxic. After 5 hours, both carbon nanotubes and
carbon black were internalized; however, only nanotubes induced intracellular production of reactive oxygen species as assessed using a dihydroethidium assay accompanied by transient depletion of GSH. After 18 hours, Western blot analysis
showed increased expression of the Nrf2 transcription factor. Increased dose-dependent expression of heme oxygenase-1, an Nrf2 target gene, was detected at the
mRNA and protein levels. We hypothesize that exposure of murine hepatocytes to
MWCNTs activates a protective antioxidant stress response pathway.
This research was supported by the Superfund Research Program (P42 ES013660)
and an RO1 Grant (ES016178) from the National Institute of Environmental
Health Sciences.
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CARBON MULTIWALLED NANOTUBES AND
NANOSCALE TITANIUM DIOXIDE ALTER
EXPRESSION OF THE DIFFERENTIATION PROGRAM
OF 3T3-L1 ADIPOCYTES.

R. N. Murrell, P. H. Pekala and M. W. Metcalf. Biochemistry and Molecular
Biology, Brody School of Medicine, East Carolina University, Greenville, NC.
3T3-L1 cells were treated with 50 μg/ml carbon multiwalled nanotubes and
nanoscale titanium dioxide to determine the impact of nanoscale materials on 3T3L1 differentiation. Post confluence, differentiation was induced and protein and
RNA were collected at Day 10. qRT-PCR arrays were run to determine relative
mRNA expression for key adipogenic genes: adiponectin, CEBPα, PPARγ,

296

SOT 2012 ANNUAL MEETING

GLUT4, and lipoprotein lipase. Gene expression data showed a significant reduction in adiponectin expression, with a 63.4% relative mRNA expression for 50
μg/ml carbon multiwalled nanotubes and 62.4% relative mRNA expression for 50
μg/ml nanoscale titanium dioxide as compared to negative control. Additionally,
there was a significant difference for lipoprotein lipase, with a 10% increase of relative mRNA expression for 50 μg/ml carbon multi-walled nanotubes and a reduction to 81.3% for 50 μg/ml nanoscale titanium dioxide as compared to negative
control. Western blot analysis of adiponectin showed a reduction of protein for 50
μg/ml carbon multiwalled nanotubes to 68.4% of negative control and 81% of
negative control for 50 μg/ml nanoscale titanium dioxide. Adiponectin is secreted
exclusively by adipose tissue which inversely correlates with body fat percentage.
Adiponectin plays a role in suppression of metabolic derangements which can lead
to type II diabetes, obesity, and is a risk factor for metabolic syndrome.
Overexpression of lipoprotein lipase is also linked to insulin resistance and type II
diabetes. The alteration of adipogenic proteins like adiponectin and lipoprotein lipase by nanoscale materials may contribute to the array of metabolic disorders affecting modern populations. Research supported by NIH DKO88666.

1373

FYN KINASE PLAYS A ROLE IN MANGANESE
NANOPARTICLE-INDUCED NEUROINFLAMMATION.

N. Panicker, K. Kanthasamy, H. Afeseh Ngwa, C. Jeffrey, M. Neal, A.
Kanthasamy, V. Anantharam and A. G. Kanthasamy. Biomedical Sciences, Iowa
State University, Ames, IA.
The advent of nanotechnology has led to an exponential increase in the utilization
of man-made nanoparticles but their potential health hazards are not well characterized. Recently, we demonstrated that Mn nanoparticle exposure induces oxidative stress and apoptotic cell death in dopaminergic neuronal cells. In this study, we
examined whether Mn-nanoparticles induce microglial mediated neuroinflammatory responses and investigated potential cell signaling mechanisms associated with
Mn-nanoparticle-induced neuroinflammatory events. 50μg/mL Mn nanoparticle
exposure to BV2 microglial cells over 24hrs induced a dramatic increase in cytokine
release, iNOS activation and ROS generation. Interestingly, the extent of production of some cytokines and ROS levels was more than that induced by LPS treatment, which was used as a positive control. Mn nanoparticles also activated a key
oxidative stress sensitive kinase Fyn as determined by phospho- tyrosine-Fyn 530
immunohistochemistry in both BV2 microglial and primary microglial cells. Next,
we examined whether Fyn activation plays any role in the Mn-nanoparticle induced
neuroinflammatory response by using Fyn kinase inhibitors rosmarinic and caffeic
acids. Treatment with rosmarinic acid or caffeic acids (50μM each) significantly
blocked Mn-nanoparticle induced iNOS activation, TNFα and IL-6, and ROS
production in microglial cells. Caffeic acid was more potent than rosmarinic acid in
attenuating the neuroinflammatory response. Co-treatment with rosmarinic or caffeic acid almost completely blocked Mn-nanoparticle induced Fyn activation.
Collectively, our results suggest that Mn nanoparticles induce neuroinflammatory
response in microglial cells and that Fyn kinase plays an important role in the neuroinflammatory process. (supported by NIH grants ES10586, ES19267 and
NS65167.

1374

COMPARATIVE TOXICOLOGICAL ANALYSIS OF
QUANTUM DOTS ON HUMAN SKIN TISSUE.

J. Gao and R. Iyer. , Los Alamos, NM.
Engineered QDs have unique physicochemical properties resulting from a combination of their crystalline metalloid core structure/composition and quantum-size
confinement. They are comprised of a metalloid crystalline core (Cd, Zn, In) and a
“shell”, which can then be further functionalized for a specific application. The
unique physical and chemical properties of QDs impact their ability to interact
with biological systems. Though several toxicological studies have attributed undesirable toxicity responses to QDs there has been little effort to correlate the physicochemical characteristics of a QD to a biological response. QD-induced toxicity
may be potentially due to the metallic core, the shell or the functionalization that in
turn influence its physicochemical properties (size, charge, photolysis, oxidation).
Utilizing an in vitro 3-dimensional organotypic human skin tissue we propose to
better understand the bioimpact of QDs on dermal exposure. Reconstructed
human tissue equivalents can serve as highly-relevant bio-assessment platforms for
the risk assessment of a multitude of new ENMs. Such a platform integrates the reliable, rapid and high-throughput methodology of in vitro cell based assays with the
accuracy and relevance of in vivo platforms making them excellent surrogate models. In present study we performed a comparative analysis to determine size, charge
and composition effects of QDs on tissue responses. The QDs used were hydrophilic, negatively, and positively charged QDs with a Cadmium/Selenide
(CdSe), Cadmium Telluride (CdTe) and Indium Phosphide core coated with
mecaptoundecanoic acid (MUA). The sizes of these nanoparticles are 3nm, 5 nm

small dots and 16 ± 5 nm large dots. In this study, QDs were topically applied to
skin tissue at concentrations of 0.5μg/ml ~ 20 μg/ml to assess penetration, cellular
viability, cytotoxicity and inflammatory responses. Our results implicate that the
size, charge and composition properties of QDs impact the ability of these nanomaterials to penetrate skin tissue and influence cytotoxic and inflammatory responses.

1375

COPPER NANOPARTICLES INDUCE TOXIC EFFECTS
ON HUMAN ALVEOLAR TYPE-II CELLS (A549) AFTER
AIR-DELIVERY OF NANOPARTICLES.

J. Kim1 and P. S. Thorne1, 2. 1Interdisciplinary Graduate Program in Human
Toxicology, The University of Iowa, Iowa City, IA and 2Department of Occupational
and Environmental Health, The University of Iowa, Iowa City, IA.
Copper nanoparticles (Cu NPs) find many industrial applications and their extensive use has produced concerns that they may pose risks of adverse effects. The purpose of this study was to assess cytotoxicity and oxidative stress associated with airdelivery of Cu NPs to human lung cells using a dynamic in vitro exposure system
(DIVES). We generated NP aerosols and deposited the NPs directly onto lung epithelial cells grown in an air-liquid interface (ALI) to better mimic exposure conditions of lung cells in vivo. The delivery of Cu NPs (12 nm) to the cells was measured using ICP-MS. The concentration of dissolved NPs in basolateral media was
also determined. To determine the cytotoxicity and ROS generation of Cu NPs,
A549 cells were exposed to Cu NP aerosols sequentially (4 h exposure, 2 h recovery
in an incubator, 4 h exposure). After exposure, cells were post-incubated for various
times (4, 8, 12, and 24 h) in an incubator. Cell viability was measured by Alamar
Blue assay and intracellular ROS was measured using carboxy-H2DCFDA. The
concentration of Cu NPs was 1.3 ± 0.05 μg Cu/transwell (4.7 cm2) and a substantial amount of Cu was released to the basolateral medium (3.8 ± 0.2 μg) during airdelivery of Cu NPs. Viability for cells exposed to Cu NPs was reduced to 73% at 4
h post-incubation compared to cells maintained in an incubator. Intracellular prooxidant levels after Cu NP exposure were increased at 4 and 8 h post-incubation
(133% and 170% of control, respectively). ROS levels were resolved to baseline levels at 24 h post-exposure indicating that Cu NP-induced ROS generation did not
exceed the ability of the cell to neutralize ROS. Cu NPs generate cytotoxicity and
intracellular ROS after air-delivery to human alveolar cells in this DIVES. We suggest that the DIVES has great potential for screening NP toxicity in a manner that
represents cellular responses of the pulmonary epithelium in vivo. (Supported by
NIEHS P30 ES05605)

1376

NANOPARTICLE TOXICOLOGY: INVESTIGATING
OXIDATIVE STRESS-RELATED BIOLOGICAL
ENDPOINTS TO SUPPORT MODE OF ACTION.

M. Crosby, T. Downs and S. Pfuhler. Miami Valley Innovation Center, Procter &
Gamble Company, Cincinati, OH.
Nanoparticles (NPs) have unique properties; their utility has been noted in enhancing medical imaging and delivering therapeutics. However, the safety profile and
potential mode(s) of action by which they may induce genotoxicity are not fully
understood. Hence, we investigated the mode of action (MoA) of NPs; we are interested in developing a systems biology framework for evaluating direct and indirect genotoxicity. To address this, we examined key biomarkers of exposure using
nanosize amorphous silica (15nm; Levasil® 200 and 55nm; Levasil® 50) NPs. Such
markers included those involved in inflammation, oxidative stress, and cytotoxicity.
Physical characterization of NPs was carried out by transmission electron microscopy. This step is critical to considering potential induction of cellular responses that can lead to DNA damage. We then performed the Comet assay (CA)
in liver cells and the micronuclei (MN) test in circulating reticulocytes after 3 consecutive iv injections to male Wistar rats (n=4-8) at 48, 24 and 4h before sacrifice.
The CA was carried out under alkaline electrophoresis conditions. There was a statistically significant increase (1.6-fold) in DNA damage observed with the Levasil®
200 (50mg/kg), but not with the Levasil® 50 (25mg/kg). Blood samples were
scored for MN using flow cytometry. The 15nm silica NPs increased the number of
MN from 0.12±0.03% in the vehicle group to 0.22±0.08%, but the 55nm NPs did
not cause an increase.
We examined the induction of IL-6 and TNF-α plasma levels by ELISA and detected upregulation of both markers with the 15nm and 50nm NPs. We assayed oxidative stress and antioxidant capacity by measuring hepatic glutathione levels
(GSH/GSSG), but did not detect a significant change in levels. Finally, the transcriptional expression of genes involved in the antioxidant pathway, including Ho1 and Gclc, were upregulated only with small NP exposure. Our results indicate
that the NPs induce inflammatory and anti-oxidant responses, suggesting that the
genotoxicity detected may occur through an indirect MoA.

1377

EVALUATION OF DERMAL AND EYE IRRITATION AND
SKIN SENSITIZATION DUE TO CARBON NANOTUBES
AND FULLERENES.

M. Ema1, A. Matsuda2, N. Kobayashi1, M. Naya1 and J. Nakanishi1. 1Research
Institute of Science for Safety and Sustainability, National Institute of Advanced
Industrial Science and Technology (AIST), “Tsukuba, Ibaraki”, Japan and 2Ina
Research Inc., Ina, Nagano, Japan.
Skin and eyes have the highest risk of exposure to nanomaterials, because deposition of nanomaterials to the surficial organs has the potential to be a major route of
exposure during the manufacturing, use, and disposal of nanomaterials. Two products composed of single-walled carbon nanotubes (SWCNTs), two products composed of multi-walled carbon nanotubes (MWCNTs), and fullerene C60 nanoparticles were tested regarding acute dermal and acute eye irritation using rabbits, and
skin sensitization using guinea pigs. The concentrations of the SWCNTs,
MWCNTs, and fullerenes in the test substances were the maximum allowable for
administration. The two products of SWCNTs and one of the products of
MWCNTs were not irritants to the skin or eyes. The other product of MWCNTs
caused very slight erythema at 24 hours, but not at 72 hours, after patch removal in
the dermal irritation experiments and conjunctival redness and blood vessel hyperemia at 1 hour, but not at 24 hours, in eye irritation experiments. Although the
fullerenes were not irritants to the skin, the fullerenes caused conjunctival redness
and blood vessel hyperemia at 1 hour, but not at 24 hours, in eye irritation experiments. The SWCNTs, MWCNTs, and fullerenes did not exhibit skin-sensitization
effects. These findings showed that one product of MWCNTs was a very weak
acute irritant to the skin and eyes and the fullerenes were a very weak acute irritant
to the eyes. Our knowledge of the toxicological effects of nanomaterials is still limited. Further information is needed to clarify the potential for irritation and sensitization given the complex nature of SWCNTs, MWCNTs, and fullerenes.

1378

ASSESSING THE PHYSICOCHEMICAL AND
BIOLOGICAL RESPONSES OF GOLD-BASED
NANOMATERIALS IN EXPOSURE MEDIA.

F. L. Sinche1, M. R. Mackiewic2 and S. L. Harper1, 3. 1Environmental and
Molecular Toxicology, Oregon State University, Corvallis, OR, 2Chemistry, Portland
State University, Portland, OR and 3Chemical, Biological and Environmental
Engineering, Oregon State University, Corvallis, OR.
AUTHORS: Federico Sinche1, Marilyn R. Mackiewicz2, Stacey Harper1,3
AFFILIATIONS: 1- Environmental and Molecular Toxicology, Oregon State
University; 2 – Department of Chemistry, Portland State University; 3- Chemical,
Biological and Environmental Engineering, Oregon State University
ABSTRACT: Nanoparticles are an important subset of nanomaterials that have
been widely used in many products due to their unique physical and chemical characteristic. Currently, biocompatible ligands are being purposed to extend the range
of nanoparticle applications. In this context, natural phytochelatin (PC) cysteinerich peptides found in certain plants, present extremely high metal uptake, tolerance, and specificity. These advantages led to the development of a new class of
gold-based nanomaterials with PC peptides, that have the potential to serve as
chelating and stabilizing ligands. The methodology for synthesizing these nanomaterials with PC peptides is presented, along with the TEM, UV-visible absorption
and dynamic light scattering data used to characterize the peptide-based nanomaterials in aqueous suspension (exposure media). In addition, a zebrafish post-fertilization embryo-larval test was used to assess the toxicity of nanoparticle suspensions.
Tenfold serial dilutions (0-200 ppm) for each nanoparticle were prepared in particle-free exposure media. At the 7.0±1.5 nm particle core size, virtually no aggregates observed by TEM differed from the average diameter calculated by dynamic
light scattering in the serial dilutions. The average diameter of nanoparticles in suspension at higher concentrations remained constant in exposure media over the
course of experiments, while, at lower concentrations the average diameter was increased. Zebrafish embryo assays showed uptake of nanoparticles and dose-dependent, mortality and, malformations that correlated with these parameters.
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UPTAKE AND INTRACELLULAR LOCALIZATION OF
AMPHIPHILIC POLYMER-COATED CDSE/ZNS
QUANTUM DOTS IN CULTURED HUMAN AND
MOUSE CELLS.

C. White1, L. McConnachie1, D. Botta1, X. Hu2, X. Gao2, P. Wallace3, D.
Eaton1 and T. Kavanagh1. 1Environmental & Occupational Health Sciences,
University of Washington, Seattle, WA, 2Bioengineering, University of Washington,
Seattle, WA and 3Chemical Engineering, University of Washington, Seattle, WA.
Developments in nanotechnology have resulted in a diversity of engineered nanomaterials with many useful properties. However, concerns exist regarding their potential deleterious effects in biologic systems. Quantum dots (QDs) are nanoscale
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(2-10 nm) fluorescent semiconductor crystals with unique photochemical/photophysical properties. We synthesized stable CdSe/ZnS core/shell QDs with an amphiphilic polymer (TOPO-PMAT) coating, and investigated their subcellular localization in 4 cell types including RAW 264.7 mouse and THP1 human
macrophages, SVEC mouse endothelial, and HK-2 human kidney epithelial cell
lines. Cells were treated with non-toxic doses of TOPO-PMAT QDs for 1 hr followed by fluorescent labeling of early endosomes, lysosomes, endoplamic reticulum, Golgi, or mitochondria. Cells were then examined using laser scanning confocal fluorescence and differential interference contrast microscopy. RAW 264.7 and
THP-1 macrophages avidly and rapidly internalized these QDs, and they were predominately in lysosomes as evidenced by co-localization with lysosomal marker
Lamp-1. HK-2 cells exhibited similarly rapid uptake characteristics. However, QDs
in HK-2 cells were distributed between early endosomes and lysosomes indicating
slower trafficking. SVEC cells neither rapidly nor avidly internalized QDs.
Nonetheless, the QDs that were internalized were predominantly associated with
lysosomes but not early endosomes. QDs were not strongly associated with mitochondria, Golgi, endoplasmic reticulum or nuclei in any of the cell types we investigated. We conclude from these studies that intracellular trafficking of TOPOPMAT QDs, although somewhat variable among cell types, appears to proceed
primarily via the endosomal/lysomal pathway. Supported by NIH grants
P30ES07033, R01ES016189 and U19ES019545 and the UW Nanotech Users
Facility, an NSF National Nanotechnology Infrastructure Network member.
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A RAPID FLUOROMETRIC SCREEN FOR THE
CATEGORIZATION OF NANOMATERIAL OXIDATIVE
CAPACITY.

J. T. Robinson1 and S. L. Harper1, 2. 1Environmental and Molecular Toxicology,
Oregon State University, Corvallis, OR and 2Chemical, Biological and Environmental
Engineering, Oregon State University, Corvallis, OR.
A rapid, flexible, and inexpensive screen to categorize the oxidative capacity of
nanomaterials and small molecules was developed from the extension of existing
fluorometric oxygen radical absorbance methods. Increasing quantities of engineered “nano-enabled” products are entering the environment more rapidly than
our ability to perform informed risk assessments. Oxidative injury is a particular
area of concern for nanomaterials and many techniques fail to identify the physicochemical properties responsible for a material’s redox behavior. In this study, small
molecules and nanomaterials were challenged with known concentrations of antioxidants (AO), trolox or melatonin, to observe how the test material changed the
AO’s ability to protect a fluorophore, fluorescein and/or melatonin, from2,2’-azobis-2-methyl-propanimidamide dihydrochloride (AAPH), a hydroxyl radical producing azo-initiator. This method was tested against small molecules with known
oxidative capacities including: EDTA (weak AO), alpha-lipoic acid (AO), ranitidine HCl (non-oxidant), ammonium persulfate (strong oxidant), and potassium
permanganate (oxidant). Additionally, the following nanomaterials were tested and
acted as follows: C60 as a weak AO, hydroxylated C60 (C60(OH)24) as an AO,
custom gold-cored glutathione conjugated nanoparticles as an AO, and
erbium(IV)oxide antiparticle as a non-oxidant. Strategically testing families of
nanomaterials will allow us to glean potential nanomaterial structure activity relationships that could empower toxin/therapeutic identification and design.

1381

NEONATAL EXPOSURE TO LIPOPOLYSACCHARIDE
ENHANCES VULNERABILITY OF DOPAMINERGIC
DENDRITES IN THE SUBSTANTIA NIGRA TO
ROTENONE IN LATER LIFE.

L. Tien1, Z. Cai2, P. G. Rhodes2 and L. Fan2. 1School of Medicine, Fu Jen Catholic
University, New Taipei City, Taiwan and 2Department of Pediatrics, Division of
Newborn Medicine, University of Mississippi Medical Center, Jackson, MS.
Brain inflammation in early life has been proposed to play important roles in the
development of neurodegenerative disorders in adult life. To test this hypothesis, we
used a neonatal rat model of lipopolysaccharide (LPS) exposure (1 mg/kg, intracerebral injection in P5 neonatal rats) to produce brain inflammation. By P70, when
LPS-induced behavioral deficits were spontaneously recovered, animals were challenged with rotenone, a commonly used pesticide, through subcutaneous minipump infusion at a dose of 1.25 mg/kg per day for 14 days. Our results show that
rotenone treatment resulted in motor neurobehavioral impairments, including
changes in locomotor activity, rearing activity, stereotyped behavior, vibrissaelicited forelimb-placing test, movement initiation test, pole test, tapered/ledged
beam walking test, and body weight loss, in rats with the neonatal exposure to LPS,
but not in those without the neonatal LPS exposure. Rotenone induced losses of tyrosine hydroxylase immunoreactive neurons in the substantia nigra of rats with
neonatal LPS exposure, but not in those without this exposure. Neonatal LPS exposure reduced the density of dendrites, as identified by the decreased MAP2 immunostaining, in the substantia nigra of P98 rat brain. Rotenone treatment af-
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fected dendritic density in the substantia nigra of rats with neonatal LPS exposure,
but not in those without this exposure, suggesting that neonatal LPS exposure may
enhance toxic effect of rotenone on dendrites in the substantia nigra in later life.
The current study suggests that perinatal brain inflammation may enhance adult
susceptibility to the development of neurodegenerative disorders triggered later on
by environmental toxins at an ordinarily non-toxic or sub-toxic dose. Our model
may be useful for studying mechanisms involved in the pathogenesis of nonfamilial
Parkinson’s disease and the development of potential therapeutic treatments.

1382

COMPARISON OF THE EFFECTS OF CARBON
NANOTUBE AND ASBESTOS EXPOSURE ON THE
IMMUNE SYSTEM OF FATHEAD MINNOWS.

K. B. Donohue1, D. R. Johnson1, A. Edgington2, J. G. Laird1, J. K. Stanley1, S.
Klaine2 and J. A. Steevens1. 1US Army ERDC, Vicksburg, MS and 2Clemson
University, Clemson, SC.
Carbon nanotubes (CNT) are widely used in various military, commercial and
public sector products. The unique nano structure result in fiber-like characteristics
in terms of their elongated shape, dimensions and high aspect ratio. The needle-like
fiber shape of CNT has been compared to that of asbestos, raising concerns about
potential toxicity. The objective of this project was to compare the immunological
effects of CNT exposure to that of asbestos exposure in fathead minnows (FHM)
(Pimephales promelas). FHM were exposed to 0.125mg/L, 0.25mg/L, or 0.5mg/L
CNT (MWNT and SWNT) or asbestos (crocidolite and chrysotile for MWNT
and SWNT, respectively) in water that was renewed daily. At days 0, 7, and 14,
FHM were sacrificed and mucus swabs, blood, and anterior kidneys were collected.
Plasma serum was separated from blood cells and used in ELISA assays.
Lymphocytes were purified from both blood cells and anterior kidneys by density
gradient centrifugation. Lymphocytes were then probed for phagocytic activity
using a phagocytosis assay kit. Inflammasome activation was measured by ELISA
for IL-1β, one of the first cytokines processed by the inflammasome. Antibody production was measured by ELISA for IgM. Exposure to CNT resulted in decreases
in phagocytic activity, mucus antibody production and plasma serum antibody production compared to untreated controls. Asbestos exposure also decreased mucus
antibody production but not plasma serum antibody production. Curiously, exposure to chrysotile asbestos resulted in a decrease in induced phagocytosis but not in
un-induced phagocytosis at day 14. Inflammasome activation, as measured by IL1β ELISA, was mostly undetectable; likely indicating that IL-1β processing occurs
prior to day 7. Together, these data suggest that like asbestos exposure, exposure to
CNT results in an immune response. However, the data demonstrate that further
characterization of the systemic immune response to CNT is needed to assess the
severity and toxicological impact of CNT.
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IN VITRO TOXICITY OF AMORPHOUS SILICA
NANOPARTICLES IN HUMAN COLON CARCINOMA
CELLS.

D. Marko1, H. Gehrke1, J. Pelka1, S. Diabaté2 and C. Weiss2. 1University of
Vienna, Vienna, Austria and 2Karslruher Institut für Technologie, Karlsruhe,
Germany.
The use of nanostructured silica (SiO2) particles is no longer restricted to biomedical and (bio-) technological fields but rather finding applications in products of the
food industry. Thus, our studies on the toxicological relevance of SiO2 nanoparticles focused on cytotoxic effects, the modulation of the cellular redox status and the
impact on DNA-integrity in human colon carcinoma cells (HT29) as well as in
human lung carcinoma cells (A549). The results indicate that these SiO2 nanoparticles stimulate the proliferation of HT29 cells, depending on the incubation time
and the particle size. The cytotoxicity of the investigated SiO2 nanoparticles was
found to depend on the concentration, size and on the FCS content of the culture
medium. Furthermore, SiO2 seem to interfere with glutathione biosynthesis. The
results indicate further, that effects of SiO2 NPs are not mediated by oxidative
stress but by interference with cellular signaling pathways.
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EFFECTS OF SURFACE CHEMISTRY ON PROTEIN
CORONA FORMATION ON SILICA NANOPARTICLES.

N. P. Mortensen1, 3, G. B. Hurst1, 3, W. Wang1, 3, C. T. Foster1, 3, P. D.
Nallathamby1, 2 and S. T. Retterer1, 3. 1Oak Ridge National Laboratory, Oak Ridge,
TN, 2Health and Life Sciences Global Business, Battelle, Columbus, OH and
3Battelle Center for Fundamental and Applied Systems Toxicology, B-FAST, Battelle,
Columbus, OH. Sponsor: J. Teegarden.
Protein adsorption and the formation of the protein corona on functionalized
nanoparticles (NP) play a significant role in NP uptake and toxicity. To better understand the effects of surface chemistry on corona formation, the composition of

the protein corona formed from the adsorption of proteins in culture media onto
silica nanoparticles (NPs) having different surface chemistries was evaluated. Silica
NPs having native, amine- or carboxy-modified surfaces were synthesized using microemulsion techniques and modified using silane-based chemistries. Following
purification, nanoparticles were incubated in mammalian growth media containing
serum for 1, 4, 24 and 48 hours. Mass spectroscopy was used to identify proteins
adsorbed to NP surfaces at these time points. The surface chemistry of the nanoparticles was found to play a significant role in the composition of the protein corona
at both early and later times. Differences in agglomeration kinetics and toxicity of
the nanoparticles were also observed. Changes in effective diameter and agglomeration kinetics were studied using dynamic light scattering techniques. Toxicity was
evaluated by measuring changes in membrane integrity and mitochondria health of
two mammalian cell lines, mouse macrophages (RAW264.7) and mouse lung epithelial cells (C10) in response to varied levels of NP exposure. Carboxylated
nanoparticles had slower agglomeration kinetics, formed smaller aggregates, and
were found to have less impact on cell health. Significant differences in protein corona composition were observed between the COO- NPs and particles of other surface chemistries. These results indicate that in vitro models of NP toxicity, intended to predict effects in vivo, must take NP transformation resulting from
protein adsorption into account.
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ALPHA-SYNUCLEIN MEDIATED ACTIVATION OF CABL AND DOPAMINE DEPLETION IN
DOPAMINERGIC NEURONAL CELLS TREATED WITH
IRON-OXIDE NANOPARTICLES OR
METHAMPHETAMINE.

Z. K. Binienda1, L. M. Saeed2, 1, B. Robinson1, M. G. Paule1, A. S. Biris2, S. F.
Ali1 and S. Z. Imam1. 1Neurotoxicology, US FDA/NCTR, Jefferson, AR and
2Nanotechnology Center, University of Arkansas at Little Rock, Little Rock, AR.
Mutations in the alpha-synuclein gene have been associated with autosomal dominant forms of Parkinson’s disease (PD). Transgenic mice that over-express the
human alpha-synuclein gene (primarily the point mutations A53T and A30P), develop neurological impairments similar to those of PD. Previous studies in our laboratory have shown that oxidative-stress-mediated activation of the tyrosine kinase,
c-Abl, results in an increase in the phosphorylation of parkin, an important E3
ubiquitin ligase that assists in the clearance of proteins destined for proteasomal
degradation. Here, we show that treatment with iron-oxide nanoparticles or
methamphetamine results an activation of c-Abl, observed via the measurement of
phospho-Abl. Additionally, an over-expression of alpha-synuclein protein in SHSY5Y neuroblastoma cells was observed after these treatments. A 45% increase in the
expression of alpha-synuclein was observed in SHSY-5Y cells treated with iron
oxide nanoparticles (10 and 30 nanometers) at a dose of 10 μg/ml. Similarly, a 55%
increase in the expression of alpha-synuclein protein was observed 24 h after exposure to 500 μM methamphetamine. In addition, a significant depletion in
dopamine was observed after treatment with either iron oxide nanoparticles or
methamphetamine (55% and 65%, respectively), suggesting that both the over-expression of alpha-synuclein and excess dopamine might generate oxidative stress,
which is one of the major pathway of c-Abl activation. These results suggest that the
over-expression of alpha-synuclein and dopamine depletion after iron oxide
nanoparticles and methamphetamine treatment contributes to oxidative-stress mediated activation of c-Abl, thus initiating events that may lead to dopaminergic
neuronal cell death.
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ACUTE EFFECTS OF METAL NANOPARTICLES BASED
ON OXIDATION STATE IN A MURINE MODEL.

E. L. Saunders, T. Gordon and L. Chen. Environmental Medicine, New York
University, Tuxedo Park, NY.
Saunders, Eric; Gordon, Terry; Chen, Lung-Chi.
NYU, Department of Environmental Medicine.
Exposure to nanoparticles from various sources is increasing and of growing concern is the health effects associated with these exposures. Most research is focused
on concentration and the ability of the particles to penetrate deep into the lung.
Recent evidence suggests that particle surface chemistry due to oxidation state has
an adverse impact on health effects. Our study is designed to investigate the acute
effects of nanoparticles as they would be found in real world settings: fresh, aged,
and fully oxidized. Our exposure system consists of a Palas spark generator, an aging
system, and a high temperature calcining furnace delivering equal concentrations of
nanoparticles to expose FVB/N mice via nose-only inhalation for four hours.
Nanoparticles were generated from elemental rods of 99.99% purity at concentrations of 1, 0.5, and 0.25mg/m3. Animals were euthanized 24 hrs post exposure and
the lung lavaged for cell counts, differentials, and protein as indicators of inflammation and acute pulmonary injury. In animals exposed to fully oxidized Ni parti-

cles (CMD74nm, MMD108nm) there was no observed difference in the control
and fully oxidized groups at any concentration. When exposed to Ni at 0.25mg/m3
no effect was observed amongst any of the 3 particle types. At 0.50mg/m3 a significant difference in inflammatory response was seen between the fresh (CMD33nm
MMD48nm) and aged (CMD115nm, MMD142nm) particles with % PMNs of
13±3.7 (mean±SEM) and 1.5± 1.0, respectively. Exposures at 1.0mg/m3 produced
higher % PMNs in both groups 35±5.1 and 33±1.8 respectively. In addition the
higher concentrations of nickel nanoparticles produced lung injury as seen by increases in protein leakage in lavage fluid of mice in the fresh and aged but not the
fully oxidized particle groups. The data suggest that adverse health effects from
acute exposure to nanoparticles are not only due to their size and concentration but
also to their surface chemistry (e.g., oxidation state).
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CELLULAR DOSE AND TOXICITY OF COPPER OXIDE
AND SILVER NANOPARTICLES: THE IMPORTANCE OF
A TROJAN HORSE-TYPE MECHANISM.

H. L. Karlsson1, 2, P. Cronholm2, I. Odnevall Wallinder3 and L. Möller2.
1Institute of Environmental Medicine, Karolinska Institutet, Stockholm, Sweden,
2Department of Biosciences and Nutrition, Karolinska Institutet, Stockholm, Sweden
and 3Division of Surface and Corrosion Science, Royal Institute of Technology,
Stockholm, Sweden. Sponsor: B. Fadeel.
The increased use of nanoparticles raises concern about their toxic properties. We
showed recently that CuO nanoparticles were the most toxic among different metal
oxide nanoparticles investigated. Furthermore, Ag nanoparticles belong to those
most used today in various applications. The aim of this study was to investigate the
cellular dose and toxicity of these nanoparticles in two human lung cell lines, A549
and BEAS-2B. We hypothesize that the particle structure increases the cellular uptake via the so-called Trojan horse-type mechanism. Comparisons were therefore
made between the CuO and Ag nanoparticles, respectively, and ions from these
metals. The cellular concentration of Cu and Ag was analyzed using atomic absorption spectrophotometry (AAS) and particle internalization was further studied
using Transmission Electron Microscopy (TEM) and Laser Scanning Confocal
Microscopy (LSCM). The results showed much higher uptake of the nanoparticles
when compared to the ions. TEM images confirmed the cellular uptake and LSCM
indicated that the Ag nanoparticles could be internalized into the cell nuclei. No
DNA damage from the Ag nanoparticles was however observed using the comet
assay. Increased cell death was observed already after 4 h exposure to 5 and 10
μg/mL of CuO nanoparticles in BEAS-2B, but not following exposure to Cu ions
(from CuCl2). In contrast, silver ions from a silver salt (AgNO3) led to cell death,
likely via extracellular mechanisms. Taken together, the cellular uptake of Cu and
Ag was higher when cells were exposed to particles when compared to ions, thus
supporting the Trojan horse mechanism. Extracellular mechanisms seem however
to be of importance for toxicity of Ag ions.
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COMPARATIVE TOXIC EFFECTS OF NICKEL OXIDE
NANOPARTICLES IN SKIN.

A. R. Murray1, 2, E. Kisin1, A. Tkach1, S. H. Young1, V. Castranova1, B.
Fadeel3, V. E. Kagan4 and A. A. Shvedova1, 2. 1PPRB, NIOSH, Morgantown, WV,
2West Virginia University, Morgantown, WV, 3Karolinska Instituet, Stockholm,
Sweden and 4University of Pittsburgh, Pittsburgh, PA.
Nickel (Ni) and nickel oxide (NiO) nanoparticles (NPs) are already commercially
available and utilized by the medical and chemical industries for a number of pharmaceutical and engineering applications. The physical nature of NPs and their reactive surface properties may affect their ability to induce dermal toxicity thus causing adverse skin reactions. Although Ni is widely known to cause a number of skin
ailments, e.g. hypersensitivity, contact dermatitis and skin cancer, the effects of
nanosized Ni/NiO NP in comparison to particles of larger size are unknown. We
hypothesize that Ni NPs are more toxic to the skin than larger Ni particles and this
toxicity occurs via the metal’s ability to initiate oxidative stress, thereby inducing
redox-sensitive transcription factors thus affecting/leading to inflammation.
Because of the skin’s susceptibility to UV radiation, it is also important to evaluate
the combined effect of UV-B and Ni/NiO NP co-exposures. To test the hypothesis,
the effects of Ni/NiO particles were studied using murine epidermal cells (JB6 P+)
and BALB/C mice. In vitro, Ni/NiO particles resulted in activation of AP-1 and
NF-κB as well as the induction of hypoxia inducible factor-1α (HIF-1α) which is
involved in upregulating MMP-2 and MMP-9. Additionally, co-exposure of JB6
P+ cells to UVB and Ni/NiO particles resulted in significantly accelerated cell damage and death, accumulation of oxidative stress markers (4-HNE and protein carbonyls), antioxidant decrease (GSH), and release of pro-inflammatory cytokines. In

SOT 2012 ANNUAL MEETING

299

vivo, the ability of Ni/NiO to induce contact hypersensitivity was evaluated.
Exposure to nanosized particles induced greater sensitization than was observed
from larger Ni/NiO PM. Altogether, these data indicate that co-exposure of dermal
cells in vitro to UVB and Ni/NiO NPs was associated with greater induction of oxidative stress, antioxidant depletion and release of HIF-1α and inflammatory mediators as compared to those treated with NP alone.

surface resulted in reduced in cell viability and Zn dissolution also produced oxidant stress in macrophages. The data also suggest that nanoscale ZnO, proposed for
use in food packaging and medical devices, should be further evaluated for potential adverse health responses.
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DISTRIBUTION OF INTRAVENOUSLY-INJECTED
SILVER NANOPARTICLES (AgNPs) IN PREGNANT MICE
AND DEVELOPING EMBRYOS.

C. A. Austin4, G. K. Hinkley3, Q. Zhang1, T. H. Umbreit1, M. W. Betz1, K.
M. Brown4, S. Francke-Carroll5, S. M. Hussain2, S. M. Roberts3 and P. L.
Goering1. 1CDRH, US FDA, Silver Spring, MD, 2AFRL, Wright-Patterson AFB,
Dayton, OH, 3CEHT, University of Florida, Gainesville, FL, 4Department of
Biological Science, George Washington University, Washington, DC and 5CFSAN, US
FDA, College Park, MD.
Unintended release of AgNPs to the environment or from medical devices, e.g.,
wound dressings and catheters, may result in systemic distribution of AgNPs, including transfer across the placenta. We previously evaluated the distribution of ivinjected 50-nm AgNPs in pregnant mice on gestation day (GD) 10. The objective
of this study was to evaluate the distribution of 10-nm AgNPs in pregnant mice
and embryos on GDs 10 and 16, and 50-nm AgNPs on GD16. AgNPs (avg. diam.
10 or 50 nm) were injected iv into pregnant CD-1 mice on GDs 7, 8, and 9 at
doses of 0 (citrate buffer) or 66 μg Ag/mouse. For comparison, pregnant mice were
similarly treated with an equivalent dose of soluble AgNO3. Mice were necropsied
on GD10 (10-nm AgNP and AgNO3 groups) or GD16 (10- and 50-nm AgNP
groups). Blood, brain, kidneys, liver, spleen, uterus, placentas, visceral yolk sacs
(VYS), and embryos were analyzed for Ag content by ICPMS. Ag was significantly
increased (p<0.001) in tissues from all AgNP-treated mice compared to controls.
For 10-nm AgNP-treated mice necropsied on GD10 or 16, Ag content was significantly increased (p<0.05) in liver, spleen, VYS, endometrium (GD10 only), and
placenta compared to other tissues from these treated mice; for 50-nm AgNPtreated mice necropsied on GD16, Ag content was significantly increased (p<0.05)
in liver and spleen. Ag tissue distribution patterns after AgNP exposure were similar regardless of particle size or time after injection, with highest levels in liver,
spleen, and VYS. Very low Ag levels were detected in embryos after 10- and 50-nm
AgNP treatments. Ag tissue distribution after AgNO3 treatment followed a similar
pattern. In conclusion, Ag after AgNP exposure distributed mainly to liver, spleen,
and VYS; AgNPs do not appear to cross the placenta in significant amounts; and
VYS appears to sequester Ag, minimizing transfer to embryos.

T. D. Palacios-Hernandez1, 2, 3, J. L. Sánchez2, D. Momot5, C. C. Berry4, O. A.
Olivero5, E. Gonzalez-Vergara1 and M. A. Mendez-Rojas3. 1Sciences Institute,
BUAP, Puebla, Puebla, Mexico, 2Chemical and Biological Sciences, UDLAP, Puebla,
Puebla, Mexico, 3Biological Sciences, UPAEP, Puebla, Puebla, Mexico, 4Centre for
Cell Engineering, University of Glasgow, Glasgow, Lanarkshire, United Kingdom and
5National Cancer Institute, NIH, Bethesda, MD.
We are interested on the synthesis and characterization of metal oxide, MxOy
nanoparticles (NPs) [M = Fe(II, III), Cu(II), Co(II, III); x = 1, 3; y = 1, 4] functionalized with biologically relevant molecules and the evaluation of their biological
activity upon H-Tert-BJ-5ta human skin fibroblasts and epithelial breast cells
MCF-10A. Cu(II) and Co(II) oxide NPs were obtained by calcination of metal tartrates and iron oxide NPs was obtained by reduction-precipitation techniques. The
products were functionalized with arginine, cysteine and folic acid to evaluate biological activity and marked with fluorescein to determine cellular uptake. The precursors to obtain Co and Cu oxides were characterized by infrared spectroscopy
(FT-IR), mass spectrometry and differential thermal gravimetric analysis (TGADSC), while the products obtained were characterized by powder X-ray diffraction
(XRD) and scanning and transmission electron microscopy (TEM, SEM). The
tests performed with fibroblast cultures were coomasie blue staining and MTT
assay, while with epithelial breast cells proliferation was determined using the
exCELLigence (Roche®) instrument. Cellular uptake of fluorescent NPs is in
progress using confocal microscopy. We found NPs in an average size between 2080 nm with a high variety in morphologies and many of them aggregated; FT-IR
and TGA revealed that in cobalt and copper oxides the organic fragment was removed from the lattice and XRD demonstrated their molecular formula, Fe3O4,
Co3O4 and CuO in tenorite phase. Fibroblasts showed sensitivity to the materials
tested and toxicity was observed in many cases. When using breast cells different effects of the NPs on them were observed, being the most toxic treatments CuO and
Co3O4 no matter the kind of the linker present on them.
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MACROPHAGE RESPONSES TO NANOSCALE ZINC
OXIDE (ZnO) THIN FILMS ON FLAT SILICON.

P. E. Petrochenko1, 2, Q. Zhang1, J. Chunming2, R. J. Narayan2 and P. L.
Goering1. 1CDRH, US FDA, Silver Spring, MD and 2Joint Department of
Biomedical Engineering, University of North Carolina-Chapel Hill and North
Carolina State University, Raleigh, NC.
ZnO has potential to be used as a coating in food packaging and medical devices
because of its antimicrobial and UV-protection properties. Nanoscale Zn thin
films, compared to bulk Zn, offer a highly controlled and uniform coating which
may increase antimicrobial efficacy. The objective of this study was to investigate
potential cytotoxicity of ZnO thin films in mammalian cells. ZnO thin films (~96
nm in height) were deposited on silicon wafers by pulsed laser deposition using a
krypton fluoride excimer laser operated at a wavelength of 248 nm and repetition
rate of 10 Hz for 120 s. Surfaces were characterized using SEM, AFM, and EDS.
For direct contact studies, RAW 264.7 macrophages were grown directly on ZnOcoated and uncoated (control) wafers for 24 or 48 h. Cell viability was assessed
using MTT and LDH assays. Reactive oxygen species (ROS) were measured using
the DCF dye assay. Presence of dissolved Zn in media was measured using ICPMS.
Exposure to the ZnO layer decreased MTT cell viability by 44% and 54% over 24
and 48 h, respectively, compared to uncoated wafers. LDH release increased by 9%
only at 48 h. To assess whether the observed toxicity was due to direct surface contact or Zn ions leaching from the coated surface layer, cells were exposed to 25, 50
and 100% concentrations of extracts of ZnO wafers. Only the undiluted 100% extract showed significant toxicity; cell viability decreased by 89% and LDH release
increased by 26% 24 h after treatment. ROS production from 30 min to 24 hr increased by 20% and 18% after exposure to 24- and 48-h extracts, respectively. No
cytotoxicity was observed in 25% and 50% extract-treated cells. The results indicated that direct contact with ZnO-coated surfaces and Zn dissolution from the
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SYNTHESIS, CHARACTERIZATION, AND BIOLOGICAL
IN VITRO ACTIVITY OF FUNCTIONALIZED METAL
OXIDE NANOPARTICLES.

ZINC OXIDE—NANOSIZE DOES NOT CHANGE THE
TOXICOLOGICAL PROFILE.

K. Wiench1, S. Schulte1, S. Champ1, L. Ma-Hock1, S. Schneider1, O.
Creutzenberg2, B. Bellmann2, C. Ziemann2, N. Monteiro-Riviere3, B. van
Ravenzwaay1 and R. Landsiedel1. 1Product Safety, BASF SE, Ludwigshafen,
Germany, 2Fraunhofer ITEM, Hannover, Germany and 3North Carolina State
University, Raleigh, NC.
Sunscreens containing ZnO efficiently protect the skin from the harmful effects of
UV exposure. ZnO impairs UV light most efficiently at a size of 60–120 nm avoiding the undesired skin whitening seen with larger particles. Recently, the toxicity of
nanosized ZnO in comparison with pigmentary ZnO has been examined. The
studies sponsored partly by CEFCI LRI or BASF were conducted with the same
ZnO grades as in the EU repository and according to OECD guidelines. Regarding
sample preparation the methods were modified where appropriate. Nanosized ZnO
showed no acute dermal toxicity and no corrosion/irritation in the BCOP or the
Epiderm assay. It did not penetrate neither intact skin, as shown in dermal absorption test in rats according to OECD 427 using 65Zn-particles, nor sunburned pig
skin. An Ames Test and a Chromosomal Aberration Test in V79 cells did no show
mutagenicity whereas the Mouse Lymphoma Mutation Test in L5178Y/TK+/- cells
was positive. In vivo no mutagenic effect was detected in two Mouse Micronucleus
tests with intraperitoneal application and after repeated inhalation, respectively. In
inhalation studies over 5, 14 and 90 days the predominant effects were reversible
local inflammatory changes in the nasal cavity and lungs with a NOAEC of 1.5
mg/m3 after 90 days. In a Prenatal Developmental Toxicity Study (OECD TG
414) with repeated inhalation from gestation days 6 through 19, maternal toxicity
was observed by increase lung weights and lung inflammation. No substance-related effects on reproductive parameters (conception rate, corpora lutea, implantation sites, preimplantation or postimplantation loss, resorptions, dead fetuses) and
no increase in external and soft tissue malformations and variations were found.
The overall results of all these studies indicate a very similar toxicological profile for
nanosized and pigmentary ZnO independent from particle size.
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MECHANISM OF AEROSOLIZED ZINC OXIDE
NANOPARTICLE TOXICITY IN ALVEOLAR
EPITHELIAL CELLS AT THE AIR-LIQUID INTERFACE.

C. Mihai, Y. Xie, A. Tolic, W. Chrisler, R. Tan, R. Zangar and G. Orr. Pacific
Northwest National Laboratory, Richland, WA.
Airborne engineered nanoparticles (NPs) that enter the respiratory tract are likely
to be deposited in the alveolar region. To better understand mechanisms of inhaled
NP toxicity in vivo, we exposed alveolar epithelial cells to aerosolized NPs at the airliquid interface. Using this approach we recently found that aerosolized ZnO NPs
induced toxicity at the ALI at nearly the same dose that was required to induce toxicity in submersed cultures. However, a fundamental difference was found in the
pattern of oxidative stress elicited by aerosolized NPs at the ALI and by NP suspension in submersed cultures. A small and transient response that peaked 6 hours post
exposures was observed at the ALI. However, a robust response was observed in
submersed cultures as early as 2 hours post exposure, which was nearly 10-fold
higher than the response at the ALI. To test the hypothesis that toxicity in submersed cultures is due, at least in part, to the readily available Zn ions that are shed
into the growth medium, while toxicity at the ALI is largely due to the intact NP,
we quantified and compared intracellular Zn concentrations in the two exposure
systems. Using a fluorescent indictor for zinc and quantifying intensity by flowcytometry, we found that the average fluorescence intensity of cells exposed in submersed cultures was 15-20 fold higher than the average intensity of cells exposed at
the ALI to the same toxic dose of ZnO NPs. These observations support the hypothesis that toxicity at the ALI is mainly induced by the intact NP. To further understand mechanisms of airborne ZnO NP toxicity we currently investigate internalization pathways and cellular fate of NPs presented at the ALI, and measure the
expression levels of pro-inflammatory proteins to identify response patterns that are
relevant to inhaled ZnO NPs. This work is funded by NIEHS grant
1RC2ES018786-01 (to GO).
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MODE OF ACTION (MoA) LEADING TO PRONAMIDEINDUCED THYROID TUMORS IN CD RATS AND ITS
RELEVANCE TO HUMANS.

M. S. Marty1, G. A. Hazelton2, L. H. Pottenger1 and D. L. Eisenbrandt3. 1The
Dow Chemical Co., Midland, MI, 2The Dow Chemical Co., Spring House, PA and
3Dow AgroSciences, Indianapolis, IN.
Pronamide, an herbicide, increased thyroid follicular cell tumors at 1000 ppm in
the chronic dietary study in rats. Pronamide is not mutagenic. Sequential key
events proposed for the pronamide thyroid tumor MoA are: liver hypertrophy/hyperplasia with increased uridine diphosphate glucuronosyltransferase (UGT) activity, increased biliary clearance of thyroxine (T4), decreased serum T4, and increased
serum thyroid stimulating hormone (TSH), resulting in thyroid follicular cell hypertrophy, hyperplasia and tumors. This MoA is consistent with toxicity data showing increased liver weight and histopathology at doses lower or similar to ones with
thyroid changes. A rat enzyme induction study verified increases in CYP2B1 similar to phenobarbital. A specific thyroid MoA study was designed with male CD rats
exposed to 0, 40, 1000 or 4000 ppm dietary pronamide for 4 or 15 weeks; a 4000
ppm recovery group was included. At ≥1000 ppm, relative liver weights were increased (22-91%). Biliary excretion of 125I-T4, mostly as glucuronide, was increased 3X at 4000 ppm (not measured at 1000 ppm). In vitro liver UGT activity
was increased 190% (per mg microsomal protein) in the 4000 ppm rats. Increased
relative thyroid weight (21-36%) and altered histology were seen at ≥1000 ppm at
both 4 and 15 weeks, with a dose-response for incidence and severity. Serum TSH
was increased (40-72%) and T4 decreased (49-87%) at ≥1000 ppm. Effects on the
thyroid and liver were reversible. The lowest concentration (40 ppm) produced no
changes in liver or thyroid parameters. Thus, this study confirmed dose-response,
temporality, and reversibility of proposed key events. Other possible MoAs for thyroid tumors were not consistent with the pronamide database. The proposed MoA
(i.e., enhanced T4 clearance) is considered not relevant to humans due to recognized quantitative species differences in thyroid hormone kinetics and in reserve capacity. These data support a threshold-based, extra-thyroidal site of action for pronamide.
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MODIFIED PRENATAL DEVELOPMENTAL TOXICITY
IN GUINEA PIGS WITH EPOXICONAZOLE.

S. Stinchcombe1, S. Schneider2, V. Strauss2, S. Gröters2, M. C. Rey Moreno2,
B. van Ravenzwaay2 and I. Fegert1. 1Regulatory Toxicology Crop Science, BASF SE,
Ludwigshafen, Germany and 2Experimental Toxicology and Ecology, BASF SE,
Ludwigshafen, Germany. Sponsor: R. Landsiedel.
Epoxiconazole was tested for its prenatal developmental toxicity in Dunkin-Hartley
guinea pigs. The test substance was administered as aqueous suspension in 1%
Carboxymethylcellulose to 30 time-mated female guinea pigs per group by gavage

at doses of 15, 50 and 90 mg/kg body weight on gestation day (GD) 6 through GD
63. A control group of 30 time-mated female guinea pigs was dosed with the vehicle (1% CMC) in parallel. At terminal sacrifice on GD 63 nineteen to twenty three
females per group had implantation sites.
In addition to the standard investigations as required by OECD test guideline 414,
blood was taken from all pregnant females on GD 63 for hematological, clinicalchemistry and steroid hormone investigations, immediately prior to sacrifice of the
animals. Following gross pathology, weights of selected organs and of the unopened
uterus were determined. For each pregnant female, corpora lutea were counted and
number and distribution of implantation sites (differentiated by resorptions, live
and dead fetuses) were determined. The fetuses were removed from the uterus,
sexed, weighed and investigated for external, soft tissue and skeletal (incl. cartilage)
findings.
The high dose of 90 mg/kg bw/d (half the lethal dose in guinea pigs) caused a mild
anemia and signs for a higher androgen and corticoid hormone production of the
adrenals, possibly related to the aromatase inhibition and stress in pregnant guinea
pigs. At lower dose levels of 50 and 15 mg/kg bw/d, observed treatment-related effects in pregnant females were limited to increased serum levels of androstendione,
testosterone and 11-desoxycortisol. Thus, the no observed adverse effect level
(NOAEL) for maternal toxicity is 50 mg/kg bw/d. No test-substance related effects
in guinea pig fetuses were noted in this study. Particularly there were no indications
for the well-known triazole-related craniofacial malformations described for murid
rodents (Menegola et al., 2006).
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HISTOPATHOLOGICAL FINDINGS OF THE RAT
PLACENTA FOLLOWING EPOXICONAZOLE
TREATMENT OF PREGNANT RATS WITH AND
WITHOUT SUPPLEMENTATION OF ESTRADIOL.

M. C. Rey Moreno1, S. Stinchcombe2, S. Schneider1, S. Gröters1 and B. van
Ravenzwaay1. 1Experimental Toxicology and Ecology, BASF SE, Ludwigshafen,
Germany and 2Regulatory Toxicology Crop Science, BASF SE, Ludwigshafen,
Germany. Sponsor: R. Landsiedel.
Epoxiconazole has been shown to cause an increase in late fetal resorptions when
administered to pregnant rats by oral gavage from gestation days (GD) 7-18 or 721 at the maternally toxic dose level of 50 mg/kg bw/day. As its mode of action
(aromatase inhibition) will result in a reduction of estradiol (E2) levels, we investigated the effect of co-administration of E2. The increase of fetal mortality could be
prevented by co-supplementation of estradiol cyclopentylpropionate. In earlier
studies with epoxiconazole, the occurrence of late fetal resorptions was accompanied by placental weight increases. In order to investigate these changes histopathologically, placentas from control and treated rats were sampled on GD 18 and 21
and routinely processed for standard light microscopy. Dose-dependent degenerative changes in the labyrinth and trophospongium were found. Generally, changes
in the labyrinth were characterized by cystic dilation of maternal sinusoids and concomitant degeneration, congestion and necrosis in the trophospongium. The pattern of placental degeneration was the same for placentas with live fetuses as for placentas with late fetal resorptions, however with different grades of severity, which
was massive in placentas with late resorptions (>70% of the labyrinth affected) leading to rupture of interhemal membranes. The enlargement of the placentas was attributed to these changes. Late fetal resorptions were attributed to the massive rupture of interhemal membranes and loss of feto-maternal compartimentalization.
The number of late resorptions and the severity of placental changes increased from
GD 18 to GD 21. By supplementation of estradiol cyclopentylpropionate, the
severity of degenerative placental changes decreased dose-dependently with increasing estradiol dose and the number of late fetal resorptions in dams receiving 1.0
μg/animal/day estradiol cyclopentylpropionate was reversed to background control
levels.

1397

GENIC EXPRESSION CHANGES IN MOUSE
EMBRYONIC STEM CELLS AFTER 12-HOUR
EXPOSURE TO CHLORPYRIFOS AND ITS
METABOLITE.

C. Estevan, E. Vilanova and M. Sogorb. Instituto de Bioingenieria, Universidad
Miguel Hernandez, Elche, Spain.
Chlorpyrifos (CPF) is an organophosphate insecticide largely used in the last 4
decades for the protection of crops in agriculture and for indoor use. This pesticide
is not classified as toxic to development although there are some doubts concerning
the potential effects of chlorpyrifos on the developmental process. In this study, the
effects of CPF and its toxic metabolite, chlorpyrifos-oxon (CPO) on the development have been assessed by evaluating the modifications of the expression of several
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marker genes in the differentiation process of D3 mouse embryonic stem cells. D3
cells seeded in monolayer and in differentiation were incubated during 12-hours in
the presence of CPF and CPO. Tested concentrations always caused loss of viability
lower than 50%. The treated cells were collected after 12-hours. The expression of
different genes was quantified using qPCR. The expression of Kdr (kinase insert
domain protein receptor), gene marker of the differentiation to endoderm was significantly decreased (p<0.01) by 85% and 82% times after exposure to 100 μM
CPF and 400 μM CPO, respectively. These exposures were the maximum tolerable
concentration under citotoxicity criteria, causing only slight cytotoxicity with reduction of cell viability in both cases lower than 20%. The same exposure to CPO
caused significant (p<0.05) increases by 4 and 190 times, in the expression of
Nestin (marker of neuroectoderm) and α-fetoprotein (marker of differentiation to
mesoderm), respectively. In addition, some other markers have been assessed in
order to characterize the embryotoxic potential of these organophosphates.

1398

EFFECT OF ORGANOPHOSPHATES PESTICIDES ON
PON1 ACTIVITY AND GENE EXPRESSION IN HEPG2
CELLS.

B. Ramírez-Chávez1, E. Rojas1, L. Robledo1, B. Barrón1, I. Girón1, G.
Elizondo2 and I. Medina1. 1Secretaría de Investigación y Posgrado, Universidad
Autónoma de Nayarit, Tepic, Nayarit, Mexico and 2Biología Celular, Cinvestav, D.F,
Mexico.
Human paraoxonase (PON1) is a member of proteins family widely expressed in
mammals, including man. PON1 is involved in the metabolism of some endobiotics and xenobiotics such as organophosphates pesticides. PON1 could be an inducible enzyme since its expression is highly regulated by environmental factors
such as diet, smoke, physical activity, certain drugs, as well as genetic factors including certain genetic polymorphisms in the PON1 gene. The aim of this study
was to determine whether chlorpyrifos (CP) and methyl parathion (MeP) are capable of modulating the expression of PON1 in HepG2 cells. HepG2 cells were
treated with CP or MeP at different concentrations (2–8 uM) for 24, 48, and 72 h,
and the cellular metabolic activity was evaluated by MTT assays. To determine the
expression of PON1, quantitative real-time PCR (rtPCR) assay of the transcripts
was performed using gene-specific fluorescent labeled probes. Paraoxonasearylesterase (PON1-aryl) activity was measured spectrophotometrically. The CP
and MeP treatments did not affect cell viability in culture cells. CP treatment (8
uM) increased PON1 activity at 72 h compared to control (untreated cell cultures).
MeP, however, reduced PON1 activity in all concentrations at 48 h. The gene expression preliminary results showed that treatment with organophosphates pesticides modulate PON1 mRNA. Studies are in progress to validate and define the
molecular mechanisms underlying the modification of the expression of PON1 by
these pesticides.

of 1 mg/kg/day and below. The decrease in brain cholinesterase activity in neonates
was consistent with their immature blood brain barrier. Based on a biologically relevant decrease of 20% for ACHE activity, it was concluded that the NOAEL for
both neonate and young adult rats was 0.05 mg/kg/day. It was concluded that the
sensitivity of neonates and young adults to ACHE inhibition following repeat administration of diazoxon for 7 days was similar, based on their respective physiological ages.

1400

F. G. Zuno1, M. G. Miller1, M. L. Aldana-Madrid2, M. J. Hengel1, N. W.
Gaikwad1 and A. G. Contreras-Cortes3. 1Environmental Toxicology, University of
California Davis, Davis, CA, 2Investigación y Posgrado en Alimentos, Universidad de
Sonora, Hermosillo, Sonora, Mexico and 3Biotecnología, Centro Interdisciplinario de
Investigación para el Desarrollo Integral Regional (IPN), Jiquilpan, Michoacan,
Mexico.
One of the most serious diseases in potato cultivars is caused by the pathogen
Phytophthora infestans. Metalaxyl is one of the most effective agents against
Phytophthora infestans. In Mexico, farmers apply metalaxyl 35 times during the
cycle of potato production. This represents a risk to consumers, since metalaxyl has
been detected in potato in New Zealand and United States. In Mexico, there are no
records related to the detection of metalaxyl in vegetables and fruits. The LD50 of
metalaxyl in mice is 669 mg kg-1 (oral) and >3100 mg kg-1 (subcutaneous).
Metalaxyl provokes cell alterations in mouse liver at 2.5 mg kg-1 day-1. In dogs at
0.8 mg kg-1 day-1, it alters alkaline phosphatase levels in blood and provokes an increase in liver and brain weight. Due to extensive applications there is a high possibility that Mexicans are consuming potatoes with metalaxyl residues. In the present
study, we evaluated the effect of Acinetobacter sp on metalaxyl degradation in potato seedlings. The effect of bacteria and metalaxyl on the growth of potato
seedlings was also evaluated. A metabolomic profile analysis was conducted to determine potential molecular biomarkers produced by potato seedlings in the presence of Acinetobacter sp and metalaxyl. Acinetobacter sp strongly affected the
growth of inoculated seedlings. LC-MS/MS analyses of metalaxyl residues in potato
seedlings suggest that Acinetobacter sp did not degrade metalaxyl. PCA analysis
demonstrated that the metabolic profiles of treated and control groups are distinctly clustered and suggest the alteration of metabolic pathways by both
Acinetobacter sp infection and metalaxyl treatment. Levels of twenty-one known
and other unknown metabolites were found to be altered by treatments.

1401
1399

COMPARATIVE SENSITIVITY OF NEONATE AND
ADULT SPRAGUE DAWLEY RATS TO
CHOLINESTERASE INHIBITION DUE TO DIAZOXON.

E. Gordon1, D. P. Myers3, P. Singh4, D. R. Stannard3 and C. Strupp2. 1E Gordon
Consulting, Princeton Junction, NJ, 2Makhteshim Agan Europe, Schaffhausen,
Switzerland, 3Huntingdon Life Sciences, Huntingdon, United Kingdom and
4Makhteshim Agan of North America, Inc., Raleigh, NC.
The susceptibility of infants and children to chemicals compared to that of adults is
considered in human health risk assessments. While the parent diazinon has been
tested in young and adult rats, there is concern that the active metabolite, diazoxon,
may show differential sensitivity based on developmental age. The effect on acetylcholinesterase (ACHE) activity in neonates and young adult rats (approximately
two months old) to diazoxon was determined. In preliminary studies, time to peak
effect was determined to be 6 hours in neonates and 1 hour in young adults; the
highest repeat dose tolerated in neonates and young adults based on general toxicity was 6 and 45 mg/kg/day, respectively. The definitive 7-day repeat dose study
compared the ACHE inhibiting effect of diazoxon in both neonates and adults at
0.05, 0.1, 1 and 5 mg/kg/day. Observations included clinical signs, bodyweights
and ACHE activity of plasma, red cells and brain. There were no mortalities, body
weight was unaffected, and there were no clinical signs of toxicity or macroscopic
abnormalities. There was a dose-dependent decrease in ACHE activity in both
neonates and young adults. Analysis of the effects indicated no clear difference in
sensitivity between young adults or juveniles in plasma or red blood cells. Brain
ACHE activity in neonates was depressed 22-23% at 5 mg/kg/day, but was unaffected in young adults. There was no brain ACHE depression in neonates at doses
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EFFECT OF ENDOPHYTIC BACTERIA AND
METALAXYL ON METABOLOMIC PROFILE OF
POTATO SEEDLINGS.

INDUCTION OF MOUSE CARBOXYLESTERASE
EXPRESSION AND FUNCTION FOLLOWING
DEVELOPMENTAL DELTAMETHRIN EXPOSURE:
ROLE OF THE CONSTITUTIVE ANDROSTANE
RECEPTOR.

A. A. Baker1 and J. R. Richardson1, 2. 1Toxicology, University of Medicine and
Dentistry of New Jersey Rutgers University, Piscataway, NJ and 2Department of
Environmental & Occupational Medicine, University of Medicine and Dentistry of
New Jersey, Piscataway, NJ.
Previously, we reported that developmental exposure to the pyrethroid pesticide
deltamethrin increased Phase I enzyme carboxylesterase (Ces) protein (139%)
along with Ces enzyme activity (215%) in male offspring at 10-12 months of age.
Developmental deltamethrin exposure significantly increased mRNA expression
levels of multiple Ces isoforms by 85-100%. Induction of Ces was associated with
activation of the nuclear receptor-mediated pathway involving the constitutive androstane receptor (CAR). Here, we sought to determine whether developmental
deltamethrin exposure results in persistent CAR activation. Pregnant C57BL/6j
mice were administered 0 or 1 mg/kg deltamethrin every three days throughout
gestation and lactation. Livers were collected from four month old male offspring
for mRNA and protein analysis. Ces activity was increased 58% at the 1mg/kg
dose. Developmental deltamethrin exposure increased mRNA levels of Ces1d, 1g
and 2a by 28%, 31% and 43%, respectively. The mRNA expression for the CAR
target gene Cyp 2b10 was also increased, by 90%. CAR mRNA expression was not
increased in male offspring at this age. However, total CAR protein was increased
by 32% at the 1 mg/kg dose. Taken together these data suggest, the Ces induction
may be mediated by stabilization of CAR protein resulting in sustained target gene
signaling. Supported by a BMS Predoctoral Research Fellowship, NIH ES015991
and ES005022.

1402

METABOLIC EFFECTS OF PERINATAL
DELTAMETHRIN EXPOSURE IN WHITE ADIPOSE
TISSUE OF MICE.

L. Armstrong1, A. Donepudi1, J. Xu1, A. Baker2, L. M. Aleksunes3, J.
Richardson2 and A. Slitt1. 1Biomedical and Pharmaceutical Sciences, University of
Rhode Island, Kingston, RI, 2Department of Environmental and Occupational
Medicine, University of Medicine and Dentistry of New Jersey, Piscataway, NJ and
3Department of Pharmacology and Toxicology, Rutgers University, Piscataway, NJ.
Sponsor: N. Zawai.
Deltamethrin, a type II pyrethroid, has become a widely used residential insecticide
in the United States during the last ten years. Because deltamethrin is highly
lipophilic, it is rapidly and extensively distributed throughout the body allowing for
deposition in tissues such as, white adipose tissue. The purpose of this study was to
determine whether perinatal deltamethrin exposure alters the expression of lipogenic genes in white adipose tissue. Three groups of C57/BL-6 pregnant mice
were administered vehicle (corn oil) or a 1 or 3 mg/kg of deltamethrin orally every
3 days through gestation and lactation. Offspring were weaned on postnatal day 25
with no additional deltamethrin exposure and white adipose tissue was collected at
5 months of age. Total RNA was isolated from white adipose tissue of male offspring and relative mRNA expression was measured by the Quantigene Plex 2.0
assay and normalized to Rpl13a. Perinatal deltamethrin exposure decreased expression of adipogenic genes at the low dose of 1 mg/kg. Exposure at this dose decreased Lpl, Fas, Cebp-α, Acc-1, Scd1, Cd36, Pparγ, and Srebpf1. Two genes had
significant decreased mRNA expression in the high treatment dose (3 mg/kg) as
compared to the control, Tnf and Fas. Promoter analysis indicates that genes, such
as Ppar-γ, SCD-1, and Cebp-α contain CpG islands that identify potential sites of
methylation. Significant decreased gene expression in white adipose tissue of these
specific genes could potentially disrupt normal lipid and glucose homeostasis following perinatal exposure to deltamethrin. Further studies are planned to determine whether perinatal deltamethrin exposure elicits epigenetic changes in adipose
tissue and affects adiposity in mice.

1403

DETERMINATION OF PYRETHROIDS IN RAT PLASMA
AND TISSUES USING GAS CHROMATOGRAPHY (GC)
NEGATIVE CHEMICAL IONIZATION MASS
SPECTROMETRY (MS).

D. R. Gullick1, X. Wang1, J. V. Bruckner1, B. S. Cummings1, T. G. Osmitz2,
M. G. Bartlett1, D. Minnema3, N. Assaf4, W. Schmitt5, S. Anand6 and D.
Gammon7. 1PBS, University of Georgia, Athens, GA, 2Science Strategies,
Charlottesville, VA, 3Syngenta Crop Protection, Greensboro, NC, 4Valent Biosciences,
Libertyville, IL, 5Bayer Crop Sciences, Monheim, Germany, 6DuPont, Newark, DE
and 7FMC, Ewing, NJ.
There are no validated GC-MS methods in the literature for quantifying
pyrethroids in plasma or tissues. Highly reproducible and sensitive bioanalytical
methods are needed, in order to obtain comprehensive time-course data for development and validation of physiologically-based toxicokinetic (PBTK) models.
Samples were prepared using solid-phase extraction with Waters Oasis HLB cartridges conditioned with buffer and methanol. Plasma or tissue homogenate samples were then loaded onto the cartridge and washed with a mixture of
methanol:water. Finally, the samples were eluted with methylene chloride, and the
solvent evaporated and reconstituted in toluene prior to injection into an Agilent
Model 6890 GC equipped with a Model 5985 quadrupole mass analyzer. Samples
were ionized via electron capture in the negative ion mode using methane as a
chemical ionization gas. A molecular ion and 2 fragment ions were monitored
using selected-ion monitoring for quantitation and verification of the analyte.
Bioallethrin was used as the internal standard. The method was linear from 5 to
500 ng/mL from plasma and tissue homogenates. The limit of quantitation was 5
ng/mL, and the intraday precision and accuracy of the method were better than
15% across the linear range (n = 18). The method was utilized to successfully monitor the uptake and elimination of deltamethrin, cis- and trans-permethrin in
plasma and tissues up to 24 hours following oral dosing of rats. Supported by the
Council for the Advancement of Pyrethroid Human Risk Assessment.

1404

ABSORPTION AND TRANSPORT OF THE
PYRETHROID INSECTICIDES DELTAMETHRIN,
TRANS-PERMETHRIN, AND CIS-PERMETHRIN BY
CACO-2 CELLS.

S. Muralidhara1, J. V. Bruckner1, T. Osmitz2, P. Sethi1 and J. Zastre1. 1PBS,
Univ of GA, Athens, GA and 2Science Str, Charlottesville, VA.
The objective of this study was to determine the absorptive and transport properties
of pyrethroid insecticides using Caco-2 cells as a model for intestinal enterocyte absorption. Cellular accumulation of deltamethrin (DLM), cis-permethrin (CIS),

and trans-permethrin (TRANS) was evaluated using the human colon adenocarcinoma cell line, Caco-2. For cellular uptake linearity studies, 25 nM solutions of
14C-radiolabeled DLM, CIS and TRANS were individually prepared in transport
buffer. Caco-2 cells were preincubated with transport buffer for 15 minutes prior to
addition of each compound for up to 5 minutes at 37°C. Cells were then rapidly
washed with ice-cold phosphate buffer saline and lysed with 1% Triton X-100. An
aliquot of the cellular lysate was quantified by liquid scintillation counting, and
total protein measured using the bicinchonic acid protein assay for normalization
of cellular accumulation. For assessing concentration-dependent uptake, a series of
concentrations of DLM, CIS and TRANS solutions in transport buffer were prepared by mixing radiolabeled and non-radiolabeled compound together. Uptake of
all 3 compounds was linear from 0.5 and 5 minutes, therefore, all subsequent transport studies were performed at 3 minutes. Temperature-dependent transport assays
were conducted by preincubating cells in each solutions of each compound at 37°C
and cells at 4°C on ice. Concentration-dependent transport of DLM, CIS, and
TRANS was assessed up to 2.5 μm at 37°C. For all 3 compounds, transport appears to saturate with increasing concentrations. In addition, uptake of DLM, CIS
and TRANS was reduced at 4°C, suggestive of an active transport process. Cellular
accumulation of DLM, CIS and TRANS demonstrated saturable- and temperature-dependence, suggesting the operability of a specific membrane transport
process. Further work is required to identify specific transporters mediating the influx and/or efflux of these common pyrethroids. Supported by the Council for the
Advancement of Pyrethroid Human Assessment.

1405

COMPARATIVE IN VITRO BIOTRANSFORMATION OF
BIFENTHRIN IN RAT AND RAINBOW TROUT.

N. Riar and D. Schlenk. Environmental Toxicology, University of California,
Riverside, Riverside, CA.
While pyrethroid pesticides have historically been considered safe for use with
mammals, they are highly toxic to aquatic organisms including invertebrates and
fish. Previous studies in rainbow trout indicated rapid biotransformation of other
pyrethroids to estrogenic metabolites. The aim of this study was to compare the
biotransformation of the pyrethroid pesticide, Bifenthrin in fish and rats with hepatic microsomes from rainbow trout and rat supersomes. Incubations were carried
out with C-14 Bifenthrin using HPLC coupled with radiometric detection.
Preliminary data showed 79% of the bifenthrin was converted to currently undetermined metabolites after a 30 minute incubation. In comparison, all metabolites
in trout microsomes were below an estimated detection limit of 3.43
pmol/min/mg. This suggests that rainbow trout may have a decreased ability to metabolize Bifenthrin when compared to mammals, and as a result, may be more sensitive to acute toxicity of Bifenthrin, but resistant to chronic toxicity due to estrogenic activity. Future studies will explore the uptake and clearance of Bifenthrin in
rainbow trout and determine the relative contribution of these processes to
Bifenthrin disposition.

1406

NEONICOTINOID INSECTICIDES: ALDEHYDE
OXIDASE METABOLISM AND SENSITIZED
PHOTODEGRADATION.

T. Swenson and J. E. Casida. Graduate Group in Molecular Toxicology, University of
California Berkeley, Berkeley, CA.
Neonicotinoid insecticides account for about 25% of the total worldwide insecticide market. From the seven commercial neonicotinoids, over 100 metabolites have
been identified in plants and mammals, some of which are bioactivated relative to
the mammalian nicotinic receptor. Neonicotinoid metabolites are produced metabolically by cytochrome P450s and in vitro by another xenobiotic-metabolizing enzyme, aldehyde oxidase (AOX). Many of the same products are formed nonenzymatically by photodegradation in sunlight. The mechanism of metabolism by AOX
in vivo and the photolability of the parent compounds in the presence of other
chemicals have yet to be elucidated. To assess the ability of AOX to metabolize
neonicotinoids in vivo, AOX-inhibited mice or AOX gene deficient Drosophila
were treated with the neonicotinoid and metabolite levels compared to treated
AOX-expressing mice or Drosophila. Mice pre-treated with a diagnostic AOX inhibitor (hydralazine) showed approximately 50% less imidacloprid nitro reduction
compared to mice not treated with hydralazine. However, AOX-deficient
Drosophila did not display any differences in neonicotinoid (imidacloprid and
clothianidin) sensitivity or metabolism compared to wildtype. These results indicate the possible importance of mammalian AOX, but not insect AOX, in neonicotinoid metabolism in the indicated systems. To evaluate sensitized photodegradation, aqueous solutions of neonicotinoids were exposed to sunlight with or without
candidate photosensitizers and analyzed for parent compound and photoproduct
levels using triple quadrupole liquid chromatography/ mass spectrometry.
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Imidacloprid photodegradation was significantly increased in the presence of benzophenone, 2’-acetonaphthone and xanthone in a concentration-dependent manner. Overall, understanding mechanisms of neonicotinoid metabolism and photodegradation to potentially toxic metabolites plays an important role in defining
the safest and most effective use of these major insecticides.

1407

ENDOSULFAN UP-REGULATES CYCLOOXYGENASE-2
EXPRESSION MEDIATED THROUGH ACTIVATION OF
NF-κB TRANSCRIPTION FACTOR.

J. Park, E. Han, J. Yang, H. Kim, J. Choi and H. Jeong. Pharmacy, Chungnam
National University, Daejeon, Republic of Korea.
Endosulfan is an organochlorine pesticide and it is correlated with endocrine disruption, reproductive and immune dysfunctions, and neurological sympotoms.
Recently, α-endosulfan was known to inflammatory effect, but the influence on cyclooxygense-2 (COX-2) expression is unclear. This study investigated the effects of
COX-2 and molecular mechanisms by α-endosulfan in murine macrophage RAW
264.7 cells. α-Endosulfan induced COX-2 protein, mRNA and transcriptional activity in RAW 264.7 cells. Additionally, α-endosulfan increased the production of
prostaglandin E2 (PGE2) and transcription factor nuclear factor κB (NF-κB) luciferase activity. Moreover, α-endosulfan enhanced NF-κB p65 protein expression,
but IκB-α protein was reduced by α-endosulfan. α-endosulfan also increased phosphrylation of phosphoinositide 3-kinases (PI3K)/Akt and extracellular signal regulate kinase (ERK) 1/2 mitogen activated protein (MAP) kinase. Taken together, αendosulfan induced COX-2 expression and it was mediated through activation of
ERK MAP kinase and NF-κB transcription factor.

1408

MOLINATE TESTICULAR TOXICITY: EFFECT OF
MOLINATE ON TESTOSTERONE AND CHOLESTEROL
LEVELS IN RAT TESTES.

F. G. Zuno1, M. J. Hengel1, N. W. Gaikwad1, M. L. Aldana-Madrid2, B. S.
Winder1 and M. G. Miller1. 1Environmental Toxicology, University of California
Davis, Davis, CA and 2Investigación y Posgrado en Alimentos, Universidad de Sonora,
Hermosillo, Sonora, Mexico.
The thiocarbamate herbicide, molinate (MOL), provokes testicular toxicity in rats.
The exact mechanism of MOL toxicity is not clear, previous studies have shown
that there are two main routes by which MOL is metabolized: hydroxylation of the
ring and oxidation of the thiol moiety. MOL is converted first to MOL sulfoxide
and then to MOL sulfone. In rat testis and liver, sulfoxide metabolite has been
shown to inhibit the carboxylesterase, hydrolase A that hydrolyze endogenous esters
such as cholesterol. Hydrolase A is expressed in high levels in Leydig cells of testis,
where cholesterol is sequestered in the form of cholesterol esters. Hence it is proposed that MOL could limit testosterone biosynthesis by inhibiting the esterase-dependent formation of free cholesterol. To evaluate this hypothesis, we examined the
effects of MOL and molinate sulfoxide (MSO) on testosterone production in cultured Leydig cells by ELISA and on nonspecific esterase (NSE) activity. The IC50
for NSE inhibition by MOL and MSO (5.42 μM and 1.9 nM, respectively) were
more than two orders of magnitude below that required to inhibit testosterone production (750 and 60 μM, respectively). Further, in vivo studies were performed
with Sprague-Dawley rats to ascertain the effect of MOL (200 mg/kg) on testicular
testosterone production and cholesteryl esters in testis. Levels of testosterone in
testis decreased by 87% at 6 and 12 h time points, whereas only a 16% decrease in
cholesteryl esters was observed. In addition, a metabolomic profiling study using
ultra performance liquid chromatography-tandem mass spectrometry is underway
to determine changes in hormonal levels in testis of controls and treatment group.
Results from these studies will be presented in detail.

1409

ETHYLENE BISDITHOCARBAMATE PESTICIDES
MANEB AND MANCOZEB CAUSE TOXICITY IN
NORMAL AND TRANSFORMED COLON CELLS VIA AN
APOPTOTIC MECHANISM.

L. M. Hoffman and D. Hardej. Department of Pharmaceutical Sciences, St. John’s
University, Jamaica, NY.
Ethylenebisdithiocarbamate pesticides Maneb (MB) and Mancozeb (MZ) are
broad range contact fungicides widely used for eradication of fungal infection on a
variety of crops. While these agents are reported to possess low human toxicity, scientific studies have suggested that human toxicity to these agents does occur.
Previous testing in our laboratory has established the toxicity of these compounds
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to transformed colon cells, HT29 and Caco2, and to normal colon cells, CCD18Co. Significant decreases in cell viability were observed in HT29 cells in the 200400 μM concentrations and in Caco2 and CCD-18Co cells in concentrations
ranging from 100-400 μM for both MB and MZ. The purpose of the present study
was to elucidate the mechanism through which this toxicity occurs. To this end, the
ability of MB and MZ to induce apoptosis was investigated by assessing caspase 3/7
induction. Caco2 cells were exposed to concentrations of MB and MZ ranging
from 20-60μM for 24hrs, HT29 cells were exposed to concentrations of both
agents ranging from 100-200μM for 12hrs, and CCD-18Co cells were exposed to
80-200μM of MB and MZ for 12hrs. Significant increases in caspase 3/7 activity
were observed upon exposure to 60μM for Caco2 cells and 200μM in HT29 for
both agents. CCD-18Co cells showed significant increases in caspase activity at the
120 and 200μM doses for MB and the 200μM dose for MZ. To determine if the
intrinsic or extrinsic pathway of apoptosis was activated upon exposure to these
agents, caspase 9 activity was also measured. Significant increases in caspase 9 activity were observed following exposure to 60μM in Caco2 cells, from 160-200μM in
HT29, and in CCD-18Co cells in concentrations of 100 and 200μM for both
compounds. We conclude that the death observed in transformed colon cells HT29
and Caco2, and CCD-18Co normal colon cells, occurs through an intrinsic apoptotic mechanism.

1410

IN VITRO SCREEN FOR PESTICIDE INTERACTIONS
WITH HUMAN MDR1 AND BCRP EFFLUX
TRANSPORTERS.

K. M. Bircsak1, 3, J. R. Richardson2 and L. M. Aleksunes1. 1Pharmacology and
Toxicology, Rutgers University, Piscataway, NJ, 2Environmental and Occupational
Medicine, University of Medicine and Dentistry of New Jersey, Piscataway, NJ and
3Joint Graduate Program in Toxicology, Rutgers/University of Medicine and Dentistry
of New Jersey, Piscataway, NJ.
Interference with the function of the multidrug resistance protein 1 (MDR1) and
breast cancer resistance protein (BCRP) transporters can render organs, such as the
brain and placenta, susceptible to chemical exposure and toxicity. The ability of
pesticides to interact with human MDR1 and BCRP as substrates or inhibitors is
not well understood. The purpose of this study was to screen and classify
organochlorine pesticides (dieldrin, endosulfan, DDT and its metabolites DDE
and DDD), pyrethroid pesticides (cypermethrin, deltamethrin, permethrin,
resmethrin), and a neonicotinoid pesticide (imidacloprid) as potential substrates
and/or inhibitors of human MDR1 and BCRP using an in vitro method. The colorimetric ATPase assay uses plasma membranes of Sf9 insect cells transfected with a
human efflux transporter and indirectly measures the interaction between compound and transporter by quantitation of phosphate released during transport.
Four of the organochlorine pesticides inhibited MDR1 and BCRP transport of
prototypical substrates between 3.8-33.6 uM and 3.0-6.9 uM, respectively
(MDR1: DDT>DDD>DDE>endosulfan; BCRP: DDD>DDE>DDT>endosulfan). The pyrethroid pesticides, permethrin and resmethrin, moderately inhibited
BCRP transport near 10 uM. Interestingly, cypermethrin activated MDR1 ATPase
hydrolysis, suggesting that it may be a substrate of MDR1. Imidacloprid did not interact with either transporter in the ATPase assay. Future studies will characterize
the kinetics of MDR1 and BCRP inhibition by pesticides in a cell-based transport
system. Knowledge of the in vitro interactions of pesticides with MDR1 and BCRP
provides initial insight into how tissues that express the transporters may become
vulnerable to chemical accumulation and toxicity. Supported by NIH ES-0205022,
ES-005022, ES-015991, DK-080774.

1411

KINETIC INTERACTION OF PMSF (A NEUROPATHY
PROMOTER) WITH MEMBRANE-BOUND ESTERASES
THAT ARE SENSITIVE OR RESISTANT TO
ORGANOPHOSPHORUS INDUCERS OF DELAYED
NEUROPATHY.

E. Vilanova, I. Mangas and J. Estevez. Unidad de Toxicologia Instituto de
Bioingenieria, Universidad Miguel Hernandez, Elche, Spain.
PMSF is a protease and esterase inhibitor which can protect or potentiate (“promotion”) of organophosphorus delayed neurotoxicity depending of if it is dosed previously or after an inducer of delayed neurotoxicity and it is unstable in water solution. Kinetic data of the esterase inhibition were obtained for
phenylmethylsulfonylfluoride (PMSF) tested at different concentrations incubated
for twenty minutes with particulate fraction (membranes) of chicken brain. A kinetic model equation was deduced assuming a multienzymatic system with three
different molecular phenomena occurring simultaneously: (1) Inhibition; (2) spon-

taneous chemical hydrolysis of the inhibitor; (3) ongoing (inhibition during the
substrate reaction). A three-dimensional fit of the model was applied for analyzing
the experimental data. The best fitting model is compatible with a resistant component (14%) and two sensitive enzymatic entities (44% and 41%). The corresponding second order rate constants of inhibition (ki=0.0076 nM-1xmin-1 and 0.0014
nM-1×min-1, respectively) and the chemical hydrolysis constant of PMSF
(kh=0.28 min-1) were simultaneously estimated. The consistency of results in fixed
time and progressive inhibition experiments was considered an internal validation
of the methodology. Mipafox resistant fraction was assayed with different concentrations of PMSF. The best fitting model is compatible with a one sensitive component (47% of total esterase activity) with ki=0.0014 nM-1xmin-1 and a resistant
one (12%) with chemical hydrolysis constant of kh=0.30 min-1. The results allowed to discriminate the esterase fractions sensitive or resistant to PMSF among
those sensitive or resistant to mipafox or paraoxon, in order to understand their role
in the mechanism of induction, protection or potentiation of delayed neurotoxicity.

1412

INDUCTION OF PLASMA ACETYLCHOLINESTERASE
ACTIVITY AND APOPTOSIS IN MICE TREATED WITH
ORGANOPHOSPHORUS TOXICANT, ETHANOL, OR
COCAINE.

W. Jiang, E. G. Duysen and O. Lockridge. University of Nebraska Medical Center,
Omaha, NE.
Organophosphorus compounds (OP) inhibit acetylcholinesterase (AChE) activity
and cause cultured cells to undergo apoptosis. Live mice treated with OP have reduced AChE activity, but after a short recovery period, their AChE activity rebounds to levels that exceed baseline by more than 2-fold. To date no information
is available on whether abnormally high AChE activity is characteristic of apoptosis
in animals.
Our goal was to determine whether induction of AChE activity is associated with
apoptosis in live mice. For this purpose we treated mice with three chemically diverse agents that induce apoptosis: tri-o-cresyl phosphate, cocaine, and ethanol.
Only tri-o-cresyl phosphate causes AChE inhibition.
On day one after treatment of mice with 1500 mg/kg tri-o-cresyl phosphate their
plasma AChE activity was inhibited 50%. On day 4 after treatment, plasma AChE
activity rebounded to a level 2.2-fold higher than pretreatment activity and remained elevated for about two months. On day 4, AChE activity in the lung was
1.5-fold higher than in controls. Cells in lung sections that were positive in the
apoptosis TUNEL assay, stained heavily for AChE activity. Mice were treated with
25 mg/kg cocaine daily for 8 days. Plasma AChE activity increased 1.5-fold above
baseline on days 7-9. TUNEL-positive cells in the livers of these cocaine treated
mice stained heavily for AChE activity. Mice treated with 200 μl of 20% ethanol
daily for 10 days had 2.5-fold elevated AChE activity in plasma on days 3-7.
Apoptotic cells in the liver stained for AChE activity.
In conclusion, AChE activity and apoptosis are induced in mice treated with OP,
cocaine, and ethanol. Unusually high AChE activity may be a marker of exposure
to apoptosis-inducing substances.

7 years and 29% SE=4% for the samples stored for 10 years. This is potentially attributable to loss of mass due to drying during storage. Results for malathion, phosmet, and chlorpyrifos were consistent with the results for azinphosmethyl after storage for 7 and 10 years. Results are being used to inform the National Children’s
Study (NCS) in the development of methods for storage of dust before analysis for
indoor environmental contaminants. Future studies include analysis for other indoor contaminants of interest to the NCS including metals and mold.
Supported by NICHHD, NIH (Contract No. HHSN267200700023C), by
NIEHS (award #5P01ES009601) and by USEPA (grant #RD8345140).
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URINARY PYRETHROID METABOLITES AMONG
PREGNANT WOMEN IN A RURAL AREA OF JIANGSU
PROVINCE: RESULTS OF A PILOT STUDY.

Z. Zhou1, C. Wu1, X. Qi1, G. Wang2 and X. Chang1. 1School of Public Health,
Fudan University, Shanghai, China and 2Shanghai CDC, Shanghai, China.
Pyrethroid pesticides are widely used throughout the world and particular concern
is exposure of pregnant women and their fetuses because little is known about the
potential developmental hazards of such exposure. The present paper provides data
on pyrethroid pesticide exposure based on questionnaire items and measurement of
maternal urinary metabolite levels among 1149 pregnant women living in rural
area of Jiangsu, China in 2009-2010. None of them reported occupational exposure to pyrethroid insecticide. Urine specimens were analyzed for three main
metabolites for 3-phenoxybenzoic acid (3-PBA), cis-and-trans-3-(2,2dichlorovinyl)-2,2-dimethylcyclopropane-1-carboxylic acid (cis-DCCA and transDCCA) using a gas chromatographic-mass spectrometry method. The limit of detection for pyrethroid metabolites was 0.1μg/L. All three pyrethroid metabolites
were found in more than 95% of the urine samples. Median unadjusted (μg/L) and
creatinine-adjusted values (μg/g cr.) for urinary metabolites in these female exposure to pyrethroid pesticide were 1.01 and 1.55 for 3-PBA, 0.44 and 0.69 for cisDCCA, 1.17 and 1.86 for trans-DCCA, respectively. Close to half (45.5%) of
women self-reported that they or another household member had applied commercially available pesticides inside the home during pregnancy. Both questionnaire
and laboratory data revealed that exposure to pyrethroid pesticides was considerably
widespread in our subjects. The urinary metabolite concentrations among pregnant
women in the present study were about 5 times higher than those in the general
population from the developed countries. Interestingly, we found there was a temporal season variation trend between summer and autumn or winter, especially the
levels of pyrethroid metabolites in summer were significant higher than those in the
winter. These data indicated the need to assess the potentially adverse effects of
pyrethroid pesticides exposure on fetuses and infants and the adequate measure to
protect pregnant women to reduce pesticide exposures.
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SUSCEPTIBILITY AND EXPOSURE BIOMARKERS OF
PESTICIDES IN WOMEN FROM AN AGRICULTURAL
COMMUNITY IN SOUTHERN MEXICO.

K. M. McDonald1, W. C. Griffith1, Z. Guerrette2, E. M. Vigoren1, M.
Vredevoogd1, B. Thompson2 and E. M. Faustman2. 1Environmental and
Occupational Health Sciences, University of Washington, Seattle, WA and 2Fred
Hutchinson Cancer Research Center, Seattle, WA.

N. Pérez-Herrera1, P. García-Molina1, 2, L. Dzib-Cocom1, 2, M. Vera-Avilés1, G.
López-Manzanero1, R. Munguía-Zarco1, L. González-Herrera3, G. PérezMendoza3, I. García-González3, T. Castillo-Burguete4, L. González-Navarrete1,
J. Alvarado-Mejía1, M. González-Góngora1, L. Ruiz-Ortiz1 and B. QuintanillaVega5. 1Facultad de Medicina, UADY, Mérida, Yucatán, Mexico, 2Facultad de
Química, UADY, Mérida, Yucatán, Mexico, 3Centro de Investigaciones Regionales,
UADY, Mérida, Yucatán, Mexico, 4Departamento de Ecología Humana, CinvestavIPN, Mérida, Yucatán, Mexico and 5Departamento de Toxicología, Cinvestav-IPN,
México, D.F., Mexico.

The purpose of this research was to identify and inform best practices for storage of
dust from the home environment for agricultural contaminants, specifically
organophosphate pesticides. As part of a 15-year children’s cohort study at the
University of Washington Center for Child Environmental Health Risks Research
(CHC), house and vehicle dust samples were collected from farmworker households during late spring when organophosphate pesticides were being applied to orchards in the Lower Yakima Valley, WA. Briefly, dust samples were collected from
homes and commuter vehicles using vacuum techniques. Samples were analyzed by
LC-MS/MS using ESI. After analysis samples were stored at -20°C for 7 and 10
years. A reanalysis of 50 samples after storage shows reanalysis is highly correlated
with the original analysis at both time points of collection (1999; 2002), with
r2=0.93. Ratios of reanalysis to original analysis for azinphosmethyl were above
100% (p<.0001), and showed a significant increase in concentration of OPs in dust
for azinphosmethyl. The mean increase was 19% SE=4% for the samples stored for

Epidemiological studies have shown acute and chronic adverse effects in agricultural workers and organophosphates (OP) pesticides still remain among the most
used in developing countries. Agricultural families are potentially exposed to pesticides and poor attention has been given to the effects on children and women.
Enzymes involved in OP metabolism, such as paraoxonase 1 (PON1) are polymorphic, which have shown to modify OP toxicity. We evaluated acetylcholinesterase
(AChE) activity in women from an agricultural region in Southern Mexico, describing the exposure scenario to pesticides and the role of PON1Q192R genetic
polymorphism on this biomarker. A transversal study was conducted in Muna,
Yucatán (Southern Mexico). Participants donated a blood sample and responded a
structure questionnaire. AChE activity was determinate by the Ellman method and
PON1Q192R polymorphism by RFLP. Seventy-eight unrelated women (32.2 ±
5.9 years old) who were born in Yucatán were included. AChE mean value was 36.7
± 6.1 U/gHb. PON1Q192R genotype frequencies were: 0.17/QQ, 0.55/QR and
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CHARACTERIZING STABILITY OF
ORGANOPHOSPHATES IN HOME ENVIRONMENT
DUST.
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0.28/RR. Almost all participants were housewives and only 10% worked in agriculture (none with 192QQ genotype). Seventy-two percent of women lived with a relative who worked with pesticides and 40% of them were married whit a farmer; interestingly, AChE was lower in women not married with a farmer. AChE activity
was marginally lower in 192QQ homozygote women (p=0.063). Our preliminary
results show that pesticide exposure in women is complex and more studies are
needed to avoid the adverse impact on health of agricultural families. (Supported
by PROMEP-SEP-México).

lower. TFR (μg/cm2) is no more than 20% DFR (μg/cm2). The available surface
residue may be a small part of the TFR and an even smaller part of the DFR. Low
level harvester exposures are not reliably predicted by available foliar residue and
transfer coefficient relationships. UCR IRB and CA Dept. of Pesticide Regulation
approved protocols were followed.
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EVALUATION OF URINARY PESTICIDE BIOMARKERS
AMONG CHILDREN AND ADOLESCENTS.

A. LeBeau, G. Johnson, J. McCluskey and R. D. Harbison. Environmental and
Occupational Health, University of South Florida, College of Public Health, Tampa,
FL.
Pesticide use in the United States continues to attract negative public attention. In
recent years, attention has focused on the chronic, low-level effects pesticides may
have on children. Over the past decade, studies have attempted to correlate reductions in birth weight and length with detections of pesticide biomarkers in maternal
biological media. The current research investigates the relationship between the detection of non-persistent pesticide urinary biomarkers of exposure and differences
in height and weight of children age 6-11 from the 2001-2002 NHANES dataset.
Three biomarkers were detected in more than 50% of the sample (n=3152): 3,5,6trichloropyridinol (TCPY); paranitrophenol (PNP); and 3-phenoxybenzoic acid
(3PBA). Mean values for weight and height were determined for each age group of
children with detectable biomarker in the urine sample and compared to the equivalent mean of children that did not have a detectable level of biomarker in the same
group. In most age groups, t-test comparisons did not indicate significant differences between children with a recorded biomarker detect compared with those with
a non-detect. Significant differences of note: PNP recorded significant height differences for children age 8 with detect mean height= 130.9 cm (n=49) and non-detect mean height=134.3 cm (n=38), p=0.0459; weight for age 7 in the 3PBA group
recorded a detect mean weight=28.6 Kg (n=76) and a non-detect mean weight=
25.6 (n=27), p=0.0088. These differences were not consistent among age groups.
Additionally, mean biochemical concentrations for adolescents (age 12-18) with
recorded biomarker detects were examined and compared to the mean of those that
did not have a detected biomarker to assess overall health status. Significant differences in biochemical concentrations were observed in each biomarker subgroup.
Biochemical variations were not consistent across the subgroups and those groups
with significant differences in mean concentrations did not have a mean value that
exceeded the normal range.

Y. Y. Bernal Hernández1, L. Robledo1, F. Herrera1, I. Medina1, B. Barrón1, I.
Girón1, B. Quintanilla2, N. Pérez3, R. Cerda1, R. Rosas4 and A. Rojas1.
1Laboratorio de Contaminación y Toxicología Ambiental, Universidad Autónoma de
Nayarit, Tepic, Nayarit, Mexico, 2Departamento de Toxicología, Cinvestav-IPN, DF,
DF, Mexico, 3Facultad de Medicina, Universidad Autónoma de Yucatán, Mérida,
Yucatán, Mexico and 4Subdelegación de Desarrollo Social y Humano, SEDESOL,
Tepic, Nayarit, Mexico.
Indigenous agricultural workers are a vulnerable population to pesticide toxicity. In
Nayarit, Mexico, 40% of indigenous named “huicholes” leave their communities to
work in agricultural fields, where organophosphorous pesticides (OP) are used.
Several studies have demonstrated the role of human paraoxonase 1 (PON1) in
modulating OP toxicity. The aim of this study was to evaluate pesticide toxicity
biomarkers in agricultural workers. A pilot study was carried out in 66 indigenous
agricultural workers. A structured questionnaire was applied. Three inclusion criteria were applied: All with the blood group type (ABO: O and Rh: +), sharing the
cultural tradition and speaking the indigenous dialect. Hematological parameters
were analyzed using a coulter; acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE) activities were determined spectrophotometrically. PON1
192 genetic polymorphism was determined by real-time PCR using TaqMan system. PON1 enzyme activity was evaluated using as substrates phenylacetate and 4methyl-phenylacetate (4-CMPA). The preliminary results showed lower values of
erythrocyte count, hemoglobin, hematocrit and platelets than reference values in
5% of indigenous huicholes. Mean AChE and BuChE activities were 24.7 ± 4.5
U/g Hb and 3833.8 U/L ± 805.1, respectively. Mean arylesterase and 4-CMPA activities were 120.1 U/mL ± 52.7 and 43.6 U/mL ± 12.09, respectively. PON1 192
polymorphism frequencies were 35.4 for RR, 18.5 for QQ and 46.1 for QR.
PON1 192 polymorphism was associated with arylesterase and 4-CMPA activities.
We are increasing the number of individuals in order to validate the association
found in this preliminary study. Research in agricultural indigenous workers is
needed to further understand pesticide toxicity and the range of exposure in this
vulnerable population.
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FOLIAGE RESIDUES OF MALATHION AND
FENPROPATHRIN INSECTICIDES AS DETERMINANTS
OF LOW-LEVEL STRAWBERRY HARVESTER
EXPOSURES.

G. Sankaran1, 2, T. Ahuja2, L. Chen2, Z. Chen1, A. Krieger2, W. Krieger2, T.
Lopez1, 2, L. Tang2, H. Vega2 and R. Krieger1, 2. 1Environmental Toxicology,
Entomology, University of California Riverside, Riverside, CA and 2Personal Chemical
Exposure Program, Entomology, University of California Riverside, Riverside, CA.
During strawberry harvesting, leaf pesticide residues and their transfer to the hands
of harvesters was studied intensively in summer 2011 at Santa Maria, CA. Pesticide
Glove Residues (PGR) are the part of Dislodgeable Foliar Residues (DFR) and
Transferrable Foliar Residues (TFR) accumulated during harvesting. Malathion
(M) and fenpropathrin (F) insecticides were sprayed at 1 lb/acre in two large field
sites. DFR (μg/cm2; M: 0.238 to 0.027, F: 0.026 to 0.015) and TFR (μg/cm2; M:
0.029 to 0.0026, F: 0.021 to 0.003) drop to ≈10% in the 3d between the first picking at the Pre-Harvest Interval and the second picking. By relating the same pesticides found on the hands of harvesters who picked either barehanded or used rubber latex gloves, we estimated exposures of barehanded and gloved harvesters
(N=26 in both groups; absorbed dosage) to be ca. 0.002 mg/kg-d (median) at the
PHI by urine biomonitoring. The internal exposures (ug/day; M) of gloved harvesters and barehanded harvesters were adjusted with the respective external exposure [ug/day; External exposure = DFR (ug/cm2) x Transfer coefficient (1,500
cm2/hr) x Hours worked (hr)] and tested using a Mann-Whitney 2 sample t-test to
calculate the percentage exposure contributed by hands to be ca. 56% (p value
<0.05). Rubber latex gloves were effective personal protective equipment to reduce
harvester exposure. Although our measures of foliar residues were ca. 90% lower at
the second pick than at the PHI, the absorbed dosage of M was only 30 to 40%
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PESTICIDE TOXICITY BIOMARKERS IN INDIGENOUS
AGRICULTURAL WORKERS.

CORRELATION OF PESTICIDE SURFACE WATER
CONCENTRATIONS WITH PUBLICLY AVAILABLE
USAGE DATA.

A. Patton and J. Keenan. ChemRisk, San Francisco, CA.
California has roughly 10,000,000 acres of cropland. Pesticides are applied to much
of this cropland, as well as other ornamental and turfgrass areas. The applied pesticides can disperse into surrounding surface water. The purpose of our study was to
determine if in California, on a per county basis, pesticide usage correlates with surface water concentrations. The California Environmental Data Exchange Network
(CEDEN) has an online database of publicly accessible geocoded surface water
chemical sampling data from 1993-2009. Using reverse geocoding, we were able to
correlate the latitude and longitude points of each sample with California counties.
By combining sampling data with median county usage data from the California
Pesticide Information Portal (CPIP), surface water concentrations of pesticides in a
given county were related to their historical use from 1993-2009. Graphs were produced of the data for each pesticide and r2 values were used to correlate each variable against the median sampling concentration. Dacthal was found to have an r2 of
0.603 for usage in lbs., 0.546 for usage ranking of bordering counties, and 0.566
for the simplified usage ranking of bordering counties. Chlorpyrifos was found to
have an r2 of 0.010 for usage in lbs., 0.302 for usage ranking of bordering counties,
and 0.287 for the simplified usage ranking of bordering counties. Diuron was
found to have r2 values of 0.027, 0.038, and 0.055 respectively. Diuron’s data was
very similar to that developed for Diazinon and Chlordane. Our results show that
for some pesticides, there is a trend between per county usage and surface water
contamination. We believe the lack of a trend for certain pesticides is linked to environmental fate and transport, application method, and the ecology and topography of application sites. The chemicals that did show a strong correlation will allow
identification of potential contaminated areas of concern and allow for improved
utilization of limited sampling resources.
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PROFENOFOS METABOLISM AND ESTIMATES OF
PROFENOFOS EXPOSURE IN EGYPTIAN COTTON
FIELD WORKERS.

O. A. Dadson1, C. A. Ellison1, S. T. Singleton1, L. Chi1, B. McGarrigle1, F. M.
Farahat2 and J. R. Olson1. 1University at Buffalo, Buffalo, NY and 2Menoufiya
University, Shebin El-Kom, Egypt.
Profenofos is a thiophosphate organophosphorus (OP) pesticide capable of inhibiting B-esterases such as acetylcholinesterase, butyrylcholinesterase, and carboxylesterase. Detoxification of profenofos is known to be mediated by cytochrome
P450s to form the biologically inactive metabolite 4-bromo-2-chlorophenol (BCP),
which is excreted in the urine. The goal of the present study was to investigate the
metabolism of profenofos by rat and human liver microsomes as well as determine
the concentration of BCP, a profenofos specific metabolite, in urine from Egyptian
cotton field workers involved in profenofos application. Rat and human liver microsomes were incubated with 5μM and 25μM profenofos and the rate of BCP formation and profenofos disappearance was assessed. Results indicate that profenofos
is readily metabolized to BCP and other metabolites at a greater rate in rats than in
humans. In vitro metabolism studies confirm that BCP is a sensitive and specific
biomarker for assessing the rate of profenofos metabolism in humans. Daily urinary
BCP concentrations were utilized as a biomarker of profenofos exposure and were
determined for Egyptian cotton field workers during 8-10 consecutive days of profenofos application to cotton fields. Substantial interindividual variability was observed in urinary BCP concentrations which ranged from 0.9 - 8,053μg/g creatinine. From these BCP levels, estimates of daily absorbed profenofos were also
calculated and ranged from 0.037-327μg/kg/day. This is one of the first reports to
estimate the internal dose of profenofos in humans. (NIH R01 ES016308 and
ES016308-02S)
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CHLORPYRIFOS EXPOSURE IN ADOLESCENT
EGYPTIAN AGRICULTURAL WORKERS.

S. T. Singleton1, A. L. Crane1, A. Ismail2, G. Rasoul3, O. Hendy3, B. P.
McGarrigle1, J. R. Olson1 and D. S. Rohlman4. 1Pharmacology and Toxicology,
University at Buffalo, Buffalo, NY, 2Jazan University, Gizan, Saudi Arabia,
3Menoufia University, Shebin El-Kom, Egypt and 4Oregon Health & Science
University, Portland, OR.
Chlorpyrifos (CPF), an organophosphorus (OP) insecticide, is a public health concern due to its widespread potential for human exposure. Blood acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) levels may be used as biomarkers of effect while urinary 3,5,6-trichloro-2-pyridinol (TCPy) is a specific
biomarker of CPF exposure. A longitudinal study was designed to assess ChE and
TCPy levels in adolescent insecticide applicators in Egypt over 10 months from
baseline (pre-spray) to recovery (post-spray). It is not known whether adolescent
populations are at increased risk compared to adult workers. This study will quantify ChE and TCPy in occupationally exposed adolescents and age-matched controls who may have received environmental exposures. Participants included male
insecticide applicators aged 12 to 19 years (N=58). Control participants were from
the same villages but did not work in the cotton fields (N=40). Preseason data
served as baseline. Blood for ChE analysis was drawn four times, while urine for
TCPy analysis was collected frequently during the spray period and several times
before and after. Urinary TCPy was analyzed by negative ion GC-MS and normalized to urinary creatinine levels. Pre-spray and mid-spray TCPy levels for the applicators ranged from 2.92 - 42.79 and 5.8 - 3915.16 ng/mg creatinine, respectively.
Control group pre-spray and mid-spray TCPy levels ranged from 2.36 – 46.17 and
9.83 – 211.94 ng/mg creatinine, respectively, indicating that this group received
environmental CPF exposure. AChE and BChE activity was measured using the
EQM Test-mate kit, and both occupationally and environmentally exposed groups
showed significant inhibition of ChE during CPF application. The quantitative
data for OP biomarkers of exposure and effect presented here are the first to be reported for adolescent agricultural workers. (NIEHS R21 ES017223)
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PARAOXONASE 1 STATUS IN EGYPTIAN
AGRICULTURAL WORKERS EXPOSED TO THE
ORGANOPHOSPHORUS PESTICIDE CHLORPYRIFOS.

C. A. Ellison1, A. L. Crane1, M. R. Bonner1, J. B. Knaak1, R. W. Browne1, P. J.
Lein2 and J. R. Olson1. 1State University of New York—Buffalo, Buffalo, NY and
2University of California Davis, School of Veterinary Medicine, Davis, CA.
Animal studies have shown that paraoxonase 1 (PON1) genotype can influence
susceptibility to the toxicity of the organophosphorus pesticide chlorpyrifos (CPF).
However, few human studies have assessed the influence of PON1 genotype and
activity on CPF related toxicity. In the current study we sought to determine the in-

fluence of PON1 genotype on serum PON1 activity and blood cholinesterase inhibition in a population of agricultural workers exposed to CPF. Saliva, blood and
urine were collected from agricultural workers (n = 120) from Egypt’s Menoufia
Governorate. Saliva was used to genotype participants for PON1 polymorphisms,
blood was used to monitor cholinesterase activity and serum was used to determine
PON1 activity towards chlorpyrifos-oxon (e.g., CPOase activity of PON1) and
paraoxon (e.g., POase activity of PON1). Urinary levels of the CPF metabolite
3,5,6-trichloro-2-pyridinol (TCPy) were determined as a marker of CPF exposure.
The PON1 55 (p ≤ 0.05) but not the PON1 192 genotype had a significant effect
on CPOase activity. However, both the PON1 55 (p ≤ 0.05) and PON1 192 (p ≤
0.001) genotype had a significant effect on POase activity. When adjusted for urinary TCPy excretion and stratified by PON1 genotype, baseline CPOase activity
did not have a significant effect on cholinesterase inhibition. Together this suggests
that workers retained the capacity to detoxify chlorpyrifos-oxon under the exposure
conditions experienced by this study population regardless of PON1 genotype and
activity. These findings will be helpful to future risk assessment efforts for CPF exposure. (NIH R01 ES016308 and ES016308-02S)
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EXPOSURE TO PESTICIDES, CYTOGENETIC DAMAGE
IN BUCCAL MUCOSA CELLS AND ACTIVITY OF
ACETYLCHOLINESTERASE IN NICARAGUAN
PESTICIDE VENDORS.

V. Mersch-Sundermann1, I. Luna-Avilés2, 1, R. Gminski1 and J. Huete-Pérez2.
1University Medical Center, Freiburg, Germany and 2Universidad Centroamericana,
Managua, Nicaragua. Sponsor: D. DeMarini..
Pesticides are highly consumed in Central America and represent one of the major
environmental health risks for people in Nicaragua, taking hundreds of lives every
year. Consequently, pesticide vendors in Nicaragua are an interesting group for biomonitoring studies due to the existence of low level pesticide exposure over long periods of time, lack of safety regulation compliance and common proximity of pesticides to homes and food markets. This study was performed to evaluate the
genotoxic effects of pesticide exposure on pesticide vendors in Matagalpa, one of
the most important farming departments in Nicaragua. Micronuclei in buccal cells
(MNBC) were analyzed in 47 pesticide vendors and in 40 non-exposed individuals
(control); all the subjects were men. Additionally, pesticide biomonitoring was performed in whole blood and acetylholinesterase activity was monitored by a titrimetric method. The results revealed a significant difference in the MNBC frequency between vendors and controls (mean ± S.D., 6.0 ± 2.3 versus 3.65 ± 1.3;
MN/2000 MNBC, P<0.001; Mann-Whitney U-test). Furthermore, cholinesterase
levels indicated a higher abnormal level in the vendor group compared to the control group; however, as indicated by pesticide biomonitoring, chlorinated pesticide
concentrations were very low in both groups. Characterization of the vendor group
and their working conditions by questionnaires revealed that most of these vendors
did not use any protective equipment/measures during work and that pesticide vendors are routinely exposed to genetic damage in somatic cells. Additionally, our results indicate that exposure to a mixture of pesticides had a positive significant correlation with genetic damage within the tested population.
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ASSOCIATION BETWEEN URINARY
CONCENTRATIONS OF DICHLOROPHENOL
PESTICIDES AND OBESITY IN ADULTS.

Y. Wei and A. Nguyen. Department of Community Medicine, Mercer University
School of Medicine, Macon, GA.
Exposure to environmental pesticides has been found to have a number of detrimental effects on humans. Many of these chemicals are considered endocrine-disrupting agents that may damage the body’s natural weight-control mechanisms;
thus, exposure to pesticides might be associated with obesity. In this study, we assessed the potential associations between exposure to dichlorophenol pesticides and
obesity in adults. A total of 10,914 human subjects aged 20-85 years were selected
from the 2005-2006 and 2007-2008 National Health and Nutrition Examination
Survey. Subjects were categorized as obese and non-obese based on body mass
index. Urinary concentrations of dichlorophenol residues were used to determine
level of exposure to environmental pesticides. Multivariate logistic regression was
performed using SAS 9.2 to assess the association between 2,4-dichlorophenol
(2,4-DCP) and 2-5-dichlorophenol (2,5-DCP) levels in urine and obesity with adjustment for potential confounders, including age, gender, race, income, education,
dietary fat intake, and amount of physical activity. A dose-dependent increase in the
prevalence of obesity was observed for both dichlorophenol compounds. Logistic
regression revealed a significant association between adjusted third (AOR: 1.25;
95% CI: 1.02, 1.52) and fourth (AOR: 1.44, 95% CI: 1.19, 1.75) inter-quartile
urinary 2,4-DCP levels and obesity in adults. Urinary concentrations of 2,5-DCP
were significantly associated with obesity among the second (AOR: 1.23, 95% CI:
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1.02, 1.48), third (AOR: 1.31, 95% CI: 1.08, 1.58), and fourth (AOR: 1.46, 95%
CI: 1.20, 1.76) inter-quartiles. Our findings suggest a potential relationship between exposure to dichlorophenols and obesity in adults. The long-term impact
and relevance of these exposures to human health are yet to be understood and future research could further explore these interactions.
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PESTICIDE EXPOSURE AND SUICIDE MORTALITY
RISK AMONG AGRICULTURAL WORKERS FROM
TOBACCO CROPS IN THE SOUTHERN REGION OF
BRAZIL.

M. Fonseca1, J. S. Lima2, 1 and A. Meyer3, 1. 1Preventive Medicine, Mount Sinai
School of Medicine, New York, NY, 2LACAT, UNIRIO, Rio de Janeiro, Rio de
Janeiro, Brazil and 3IESC, UFRJ, Rio de Janeiro, Rio de Janeiro, Brazil.
RATIONALE AND SCOPE: Suicide is a significant public health problem. There
has been general concern regarding the rising rates of suicide in rural areas. High
and continuous exposure to neurotoxic pesticides that affect agriculture workers
and rural residents may play a critical role in suicide attempts and mortality.
Tobacco crop workers may indeed be under multiexposure risks derived from pesticides exposure and nicotine related effects on nervous system associated to tobacco
exposure. The purpose of this study was to determine if suicide mortality risk is
higher among agricultural workers in areas of heavy pesticide use in the Southern
region of Brazil and to see if tobacco farming can be also associated to suicide risk.
METHODS: Suicide mortality data among agricultural and non-agricultural
workers from 1996 to 2005 was obtained for each city in the three states that comprise the Southern region of Brazil. Data describing number of agricultural workers,pesticides use,tobacco production, and pesticides use in tobacco farming were
obtained for the same cities and used to create quartile distributions. For each quartile, mortality odds ratios (MOR) were calculated. Three reference populations
were used in this comparison. Stratified analyses were also performed according to
gender and age strata (20–49 yrs old and 50 yrs or older). RESULTS: Higher suicide mortality risks were observed among agricultural workers in comparison to all
three reference populations. Results also showed that the risk of death by suicide
was significantly higher among agricultural workers living in cities with heavy pesticide use and intense tobacco farming. CONCLUSIONS: These results suggest
that pesticide exposure and tobacco farming may indeed be linked to an increase in
suicide among agricultural workers. Further investigation into the role of these factors is necessary to address the issue of suicide in rural Brazil.
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PESTICIDES CANCER RISK IN EUROPE.

D. A. Sarigiannis1, 2, P. Kontoroupis2, E. Solomou2, S. Nikolaki1, 2, P. Fantke3,
A. J. Karabelas2 and R. Friedrich3. 1Chemical Engineering, Aristotle University of
Thessaloniki, Thessaloniki, Greece, 2Chemical Process Engineering Research Institute,
Centre for Research and Technology Hellas, Thermi, Greece and 3Institute for Energy
Research, University of Stuttgart, Stuttgart, Germany.
Application of pesticides on crops has important and wide-ranging impacts on
health. This study focuses on cancer risk assessment due to the inhalation and ingestion of pesticides in the European Union, accounting for climate change. Two
different scenarios for climate change up to 2050 (a Business as Usual based on
2000 trends and an aggressive emissions abatement Mitigation scenario limiting
temperature change to 2oC) are considered.
The changes in agricultural land use patterns and productivity have been estimated
combining CORINE (Coordinate Information on the Environment) land
cover/use data, Eurostat (Statistical Office of the European Communities) agricultural statistics and the IMAGE (Integrated Model to Assess the Global
Environment) and ATEAM (Advanced Terrestrial Ecosystem Analysis and
Modelling) models, mapped on a 50x50 km EMEP (target) grid. Pesticides quantities, available at country level from Eurostat, are disaggregated to the target grid, by
assuming a constant application rate per Active Substance; the same application
rate is used for the future scenarios. Differences in crop area for future scenarios are
reflected in differences in pesticide application. Dietary and inhalation intake are
considered. For inhalation, short-distance exposure due to direct application is accounted for.
Results of cumulative risk assessment in Europe are shown using state-of-the-art exposure assessment tools. Dietary ingestion is confirmed as the main route of exposure to pesticides; short-distance air exposure affects primarily occupationally exposed individuals and bystanders; thus, even though it is not negligible for them
(especially in “hot spots” in Spain, Germany, Hungary, Romania and Bulgaria), it is
of a lesser importance for the general population.
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CARBOFURAN OCCUPATIONAL DERMAL TOXICITY,
EXPOSURE AND RISK ASSESSMENT.

Z. Liu, J. M. Becker, M. Oh and D. W. Gammon. Agricultural Products Group,
FMC Corporation, Ewing, NJ.
Carbofuran is a carbamate insecticide that inhibits AChE. Although toxic by ingestion in mammals it has low dermal toxicity, with relatively few incidents of confirmed worker illnesses. This risk assessment describes its time of onset, time to
peak effect and time to recovery in rats using brain AChE inhibition in acute and
21 day dermal toxicity studies; in vitro rat/human relative dermal absorption for
granular (5G) and liquid (4F) formulations; occupational exposure estimates using
the Pesticide Handlers’ Exposure Database (PHED) and Agricultural Handlers’
Exposure Database (AHED) as well as worker exposure data using Furadan 3G in
rice paddy fields. The point of departure for acute risk calculation (BMDL10) was
6.7 mg/kg/day for brain AChE inhibition after 6 h exposure. In a 21-day study, the
BMDL10 was 6.8 mg/kg/day, indicating reversibility. At 75 mg/kg/day, time of
onset was ≤30 min and time to peak effect was 6–12 h. Rat skin had ca ten-fold
greater dermal absorption of carbofuran (Furadan 5G or 4F) than human skin.
Exposure estimates for 3G in rice and 4F in ten crops had adequate margins of exposure (>100). In conclusion, rat dermal carbofuran toxicity was assessed in terms
of dose and time-related inhibition of AChE. Comparative dermal absorption in
rats was greater than in humans. Worker exposure estimates indicated acceptable
risk for granular and liquid formulations of carbofuran although the liquid formulation required much more personal protective equipment.

1428

COMPARATIVE SAFETY OF RECENT PESTICIDES FOR
ASIAN CITRUS PSYLLID CONTROL.

C. N. Aldous and P. Leung. Medical Toxicology Branch, Cal/EPA, Sacramento, CA.
The University of California Statewide IPM program lists 13 pesticides for use
against a serious citrus disease vector, Asian citrus psyllid. The California
Department of Pesticide Regulation has examined the human toxicity data for each
compound. This review summarizes toxicity data on the 5 most recent pesticides
recommended on the list, including a tetronic acid lipid biosynthesis inhibitor
(spirotetramat), two neonicotinoids (imidacloprid and thiamethoxam), a ryanodine
receptor activator (chlorantraniliprole), and a natural product of an actinomycete
bacterium (spinetoram). Toxicity patterns were typically favorable. Dermal sensitization was negative except for spinetoram and spirotetramat (both equivocal).
Other acute studies for the 5 compounds indicated no more than moderate toxicity
(EPA acute toxicity categories 3-4 in nearly all cases). Oncogenicity studies were
negative or equivocal without corroborating toxicity except for thiamethoxam,
which elicited hepatocellular tumors in mice in association with pre-neoplastic lesions at 500 ppm and above. The most remarkable non-neoplasia chronic finding
for these 5 compounds also arose with thiamethoxam, for which bilateral testicular
tubular atrophy was observed at the two highest dose levels of 750 and 1500 ppm.
There were no remarkable developmental or reproductive toxicity issues with any of
the 5 compounds. Mutagenicity studies were negative except for 2 compounds with
equivocal evidences of chromosomal aberrations and one with elevated DNA sister
chromatid exchange, typically without corroborating evidence of findings of comparable study types. Particularly when considering also low application rates and
low dermal absorption associated with the newer compounds, toxicity patterns of
this cohort reflect comparatively low human hazard.

1429

HAZARD IDENTIFICATION FOR SIMAZINE RISK
ASSESSMENT.

M. H. Silva. California Department of Pesticide Regulation, California
Environmental Protection Agency, Sacramento, CA.
Human exposures to simazine is a priority in California because of potential for
public and occupational exposure. It is used in residential areas where children are
exposed. Neuroendocrine effects are the main toxicological exposure of concern.
The metabolites desisopropyl-s-atrazine and diaminochlorotriazine are of equal
toxicity to simazine (common neuroendocrine toxicity mechanism) so for risk assessment purposes they were not evaluated separately. Hazard Identification
(HazID) involves evaluation of published literature and registrant-submitted data
and the compilation of definitive studies ascertaining target tissues and critical noobserved-effect-levels (NOEL). Emphasis in selection of studies for HazID is on
quality of the study, relevance (eg. route of exposure), FIFRA Guideline acceptability, duration and weight of evidence in cases where there is not a single definitive
study. For simazine the focus is on oral exposure. Critical NOELs are significant to
calculations for occupational, residential, bystander and dietary margins of exposure for Risk Characterization.
Acute and short term (<1 mo), subchronic (1-3 mos) and chronic (>6 mos) exposure durations were relevant to the simazine HazID. An acute study was not available so the critical NOEL was obtained from a rabbit developmental gavage study

where acute effects were observed (Ñbody wt & food consumption;É tremors;
NOEL5mg/kg/d). A 90 day dietary rat study was selected for the subchronic duration (Ñbody wt & body wt gain, clinical chemistry; NOEL 2.28 mg/kg/d) and a 2
year rat feeding study was selected for the chronic duration (Ñbody wt & lifespan;
Émammary tumors; NOEL 0.41 mg/kg/d). All definitive studies were FIFRA
Guideline acceptable. Neuroendocrine effects are a priority but systemic effects
with lower NOELs would protect for other effects. Mammary carcinogenesis is
unique to Sprague-Dawley rats and is not a risk for humans. Dermal exposure
(likely route of concern) had no useful studies so oral NOELs were used (oral absorption assumed 100%).
Views are not Cal/EPA’s
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HYPOTHESIS-BASED WEIGHT-OF-EVIDENCE
EVALUATION OF THE NEURODEVELOPMENTAL
EFFECTS OF CHLORPYRIFOS.

R. L. Prueitt1, J. E. Goodman2, L. A. Bailey2 and L. R. Rhomberg2. 1Gradient,
Seattle, WA and 2Gradient, Cambridge, MA.
Several epidemiology studies have reported neurodevelopmental effects associated
with low chlorpyrifos exposures; however, this is not consistent with the well established animal and mechanistic data, which indicate neurological effects only at high
chlorpyrifos exposures. We applied the hypothesis-based weight-of-evidence
(HBWoE) approach to conduct a novel evaluation and synthesis of all the evidence
regarding the hypothesis that chlorpyrifos can cause neurodevelopmental effects at
exposures below the threshold for inhibition of acetylcholinesterase (AChE) activity
in the nervous system, which is an established mode of action (MoA) for chlorpyrifos neurotoxicity. We weighed all of the data from epidemiology, animal toxicity,
and mechanistic studies in terms of quality and relevance to humans, allowing each
data set to inform one another. We then evaluated all of the data together to determine whether a causal relationship between chlorpyrifos at low exposures and neurodevelopmental effects in humans is plausible. Our analysis determined that: the
epidemiology data do not consistently demonstrate associations between chlorpyrifos exposure and neurodevelopmental toxicity; the animal toxicity data do not provide clear evidence that neurodevelopmental effects occur at doses below the
threshold for AChE inhibition; and alternative mechanisms proposed to underlie
potential neurodevelopmental effects in humans have been observed in the absence
of AChE inhibition only in a few in vitro studies. Based on our HBWoE analysis,
we found that a causal association between chlorpyrifos exposure and neurodevelopmental effects in the absence of AChE inhibition in the brain is not plausible in
humans, and the few positive associations observed in epidemiology studies are
most likely attributable to alternative explanations. This analysis not only provides
insights about chlorpyrifos toxicity, it also addresses the larger issue of combining
human, animal, and mechanistic data in risk assessments for pesticides.
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INTEGRATING EMERGING TECHNOLOGIES INTO
CHEMICAL SAFETY ASSESSMENT:THE REPORT OF
THE EXPERT PANEL ON THE INTEGRATED TESTING
OF PESTICIDES.

L. Ritter and O. Council of Canadian Academies. School of Environmental
Sciences, University of Guelph, Guelph, ON, Canada.
In response to a request from the Pest Management Regulatory Agency of Health
Canada, the Council of Canadian Academies convened an expert panel to examine
the use of integrated approaches to testing and assessment (IATA) for the regulatory
risk assessment of chemicals. The Panel concluded that, although there is no set of
alternative tests that can completely replace the existing battery of tests for data-rich
chemicals today, the state of the science is evolving rapidly. IATA offers a transparent and scientifically robust framework to integrate new scientific knowledge into
regulatory toxicity testing in a way that significantly augments the protection of
human health and the environment. This, in turn, will help address the risk communications challenge, which will be instrumental in establishing public confidence and trust. The Panel concluded that transparency, coupled with sincere and
early engagement of all stakeholder groups, will be instrumental in establishing
public confidence and trust. The Panel also concluded that advances in computational science have established a foundation that may permit the use of epidemiological data in the pre-market assessment of structurally related chemicals. This,
coupled with advances in biomarker development, represents an exciting opportunity to address a major criticism in the existing approach. This report offers a nearterm perspective, focusing on strategies that could be adopted over the next decade.
Ongoing implementation would help move toxicology away from asking what and
towards explaining how. The state of the science is evolving rapidly and opportunities exist to address some of the limitations that were not, until now, addressable.
Furthermore, continued advances will likely identify new limitations that were previously unidentified. These 21st Century problems need 21st Century solutions.
Although IATA may not be able to address all of these issues, it represents a transparent and pragmatic blueprint by which change may be effected.

1432

CHARACTERIZATION OF HBD1 DOWN-REGULATION
FOLLOWING ARSENIC EXPOSURE.

N. L. Dangleben, C. F. Skibola and M. T. Smith. School of Public Health,
University of California Berkeley, Berkeley, CA.
Arsenic is a potent human carcinogen and a major drinking water contaminant for
millions of people worldwide. We previously reported decreased urinary levels of βdefensin-1 (HBD1) peptides in men exposed to arsenic in drinking water in two
case-control populations based in Nevada and Chile, as well as suppressed DEFB1
mRNA resulting from arsenic exposure in vitro. In the current study, real-time RTPCR analysis was performed to investigate the effects of arsenite (AsIII) and its more
toxic metabolite, monomethylarsonous acid (MMAIII), on DEFB1 expression in
immortalized human cells derived from skin and kidney. AsIII and MMAIII treatments induced dose- and time-dependent decreases in DEFB1 mRNA levels, with
MMAIII exerting greater potency than AsIII. HK-2 kidney cells, which had abundant
DEFB1 expression, demonstrated greater sensitivity and response to treatment than
the HOK-16B skin keratinocytes. Furthermore, arsenic treatment had profound effects on DEFB1 transcript levels, which remained suppressed for several passages
after termination of the exposure. To determine the effect of arsenic treatment on
the peptide levels, we used ELISA analysis which demonstrated reduced HBD1
peptide secretion in the media as well as reduced levels in the cell lysates.
Experiments are underway to determine the mechanism responsible for the downregulation. The current data indicate that our previous findings of decreased urinary HBD1 levels could be a direct effect of arsenic on the kidney. Moreover, in
light of increasing evidence that DEFB1 may be a tumor suppressor gene, our data
suggest a novel mechanism by which arsenic exposure may elevate the risk of cancer
development.
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LOSS OF PTEN IS PRECEDED BY CHRONIC
INFLAMMATORY RESPONSES DURING MMA (III)INDUCED MALIGNANT TRANSFORMATION OF
HUMAN UROTHELIAL CELLS.

C. Escudero1, A. de Conti1 and A. Gandolfi2. 1Universidad Autonoma de SLP, San
Luis Potosi, Mexico and 2Pharmacology and Toxicology, University of Arizona, Tucson,
AZ.
Bladder cancer development is associated with chronic exposure to arsenicals.
Deletions or mutations of tumor suppressor phosphatase and tensin homologue
deleted on chromosome ten (PTEN) locus occur frequently in invasive bladder carcinomas, however the mechanisms involved are note fully understood. PTEN expression is suppressed after 18 wk of in vitro exposure to arsenite in a human
prostate epithelial stem/progenitor cell line. To evaluate the role of PTEN in arsenic-induced bladder cancer we determined PTEN protein expression in an immortalized human urothelial cell line (UROtsa) that was exposed in vitro to 50 nM
of an arsenic metabolite, the monomethylarsenous acid [MMA(III)] for 12, 24 or
52 wk. PTEN protein expression was completely suppressed only in those cells exposed for 52 wk to MMA (III). Interestingly our group had previously established a
12 wk exposure period as key time point for cells transformation by MMA (III)
which is consistent with a sustained over-expression of inflammatory cytokines and
transcription factors activation. These facts suggest that PTEN loss is preceded by a
chronic inflammatory state and suggest that there is a link between these two
events. PTEN loss was consistent in this study with a significant decrease in STAT3
phosphorylation at Tyr 705 and an increase of c-myc expression. miRNA-21 has
been reported as a PTEN negative regulator, however expression assays showed that
PTEN expression is not regulated by miR21 in our model. These and previous results suggest that PTEN loss is not the responsible for UROtsa cells transformation
but maybe a consequence of a sustained inflammatory state, however it is likely that
PTEN loss could contribute to keep the malignant phenotype in UROtsa cells.
Further investigation will aim to determine the link between chronic inflammation
and PTEN loss in the process of transformation induced by MMA(III) after 24 wk
exposure.

1434

OVEREXPRESSION OF SPARC MODULATES CELL
GROWTH AND MIGRATION IN MALIGNANTLY
TRANSFORMED HUMAN UROTHELIAL CELLS
(UROTSA).

J. L. Larson1, S. Somji2, D. A. Sens2, M. A. Sens2, S. H. Garrett2 and J. R.
Dunlevy1. 1Anatomy and Cell Biology, University of North Dakota, Department of
Atmospheric Sciences, Grand Forks, ND and 2Pathology, University of North Dakota,
Grand Forks, ND.
SPARC (Secreted Protein Acidic and Rich in Cysteine) is a member of the matricellular group of proteins that is known to modulate interactions between cells and
the extracellular matrix. Influencing tumor growth and migration, the expression of
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SPARC in human bladder cancer was found to be absent in the malignant urothelial cells comprising the cancer, but highly expressed in the stromal component recruited to the tumor. The purpose of this study is to examine the expression of
SPARC and the role it plays in the formation and progression of bladder cancer in
a model of heavy metal induced cell transformation. Our previous study showed
SPARC expression was significantly down-regulated in Cd+2 and As+3 transformed
UROtsa cells. To investigate the possible role of SPARC in bladder cancer, SPARC
was stably transfected into As3+ and Cd2+ transformed UROtsa cell lines. The expression of SPARC in the transfected lines was analyzed using real time reverse transcriptase polymerase chain reaction, western blot analysis, and immunofluorescence
to determine intracellular localization. The transfected cell lines were further characterized by determining growth rates, the ability to form colonies in soft agar, secrete SPARC into growth media, and migration capabilities. It was shown that
SPARC mRNA and protein expression was induced in the transfected cell lines, was
localized to distinct vesicles within the cytoplasm, and was secreted in copious
amounts into the medium. Several SPARC-transfected cell lines had significantly
different growth and migration rates when compared to their untransfected counterpart; and all transfected cells were capable of forming colonies in soft agar. This
study suggests SPARC expression effects the growth and migration of UROtsa cells
and SPARC may play a substantial role during the multi-step process of bladder
cancer development.

1435

EXPRESSION OF EXTRACELLULAR MATRIX
PROTEINS IN UROTSA BLADDER CELLS
TRANSFORMED WITH ARSENIC OR CADMIUM.

H. M. Hewitt1, J. L. Larson1, S. Somji2, S. H. Garrett2, M. A. Sens2, D. A.
Sens2 and J. R. Dunlevy1. 1Anatomy, University of North Dakota, Grand Forks, ND
and 2Pathology, University of North Dakota, Grand Forks, ND.
Matricellular proteins are extracellular matrix molecules that have non-structural
roles including signaling and protein-protein binding. We have previously shown
that the matricellular protein SPARC is expressed in normal bladder epithelium
and in the UROtsa cell line. However, SPARC expression is shut down to an extremely low or undetectable level in human bladder carcinoma cells in vivo as well
as in 13 out of 13 UROtsa cell lines transformed with As+3 or Cd+2. Often as one
member of a protein family is turned off, another is turned on. Therefore, the purpose of this study was to examine the expression level of multiple other matrix molecules mostly focusing on the matricellular family. Real time RT-PCR was used to
access the expression levels of hevin, tenascin-C and –X, thrombospondin-1 and -2,
connective tissue growth factor (CTGF), osteopontin and fibronectin in UROtsa
parent as well as six As+3 and seven Cd+2 transformed cell lines. Results showed that
hevin, tenascin-C, osteopontin and fibronectin all had substantial increases in expression in at least 1 of the As+3 and 1 of the Cd+2 transformed lines compared to
the parent, thrombospondin-1 and -2, and CTGF had no major change in expression while tenascin-X had a substantial decrease in expression in nearly all the transformed cell lines. The results of the study show that while SPARC expression is shut
off in UROtsa cell lines transformed with As+3 or Cd+2, other matricullar proteins
as well as fibronectin are increased. This profile of extracellular matrix expression
may favor tumor progression in bladder cancer.

1436

GENE EXPRESSION PROFILES OF MULTIPLE
INDEPENDENT CADMIUM AND ARSENITE-INDUCED
MALIGNANT TRANSFORMATIONS OF HUMAN
UROTHELIAL CELLS (UROTSA).

S. H. Garrett, K. Zhang, S. Somji, M. A. Sens and D. A. Sens. Pathology,
University of North Dakota, Grand Forks, ND.
Global gene expression has shown human tumors to be very heterogeneous when
compared within a specific cancer type or sub-type, or when compared between different types of cancer.The goal of this study was to determine the degree of heterogeneity in global gene expression when a cell line is malignantly transformed multiple independent times by a single environment agent. The global gene expression
profile was determined on 5 independent isolates of the UROtsa cell line transformed by arsenite (As+3) and on 6 isolates transformed by cadmium (Cd+2).
Global gene expression analysis used the Affymetrix U133 Plus 2.0 array.
Hierarchical clustering and principal components analysis were used to assess the
similarity and variation across isolates. Differentially expressed probe sets were
identified using empirical Bayes method. It was shown that there was considerable
variation in gene expression between individual isolates of a single metal transformation, yet a small number of genes exhibited consistently altered expression.
Mathematical simulation predicted that if a larger number of isolates were analyzed, the number of genes exhibiting consistently altered expression reaches a constant minimum. Comparisons between cadmium- and arsenite-transformed groups
showed a greater divergence in gene expression profile for arsenite in comparison to
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that of cadmium and that there were metal-specific as well as genes consistently altered in expression among both groups. This is one of the few instances where
global gene expression profiles have been analyzed on cell lines arising from multiple independent malignant transformations of a parent cell line exposed to a single
environmental agent.

1437

INVESTIGATION OF ESSENTIAL GENES INVOLVED IN
ARSENITE TOXICITY IN SACCHAROMYCES
CEREVISIAE.

T. Takahashi and A. Naganuma. Graduate School of Pharmaceutical Sciences,
Tohoku University, Sendai, Miyagi, Japan.
In an effort to identify novel mechanisms responsible for toxicity of arsenite, we
have previously searched for factors that determine sensitivity of cells to arsenite
using yeast deletion mutant library and found several arsenite resistant genes.
However, involvement of essential genes in toxicity of arsenite remain to be clarified. In this study, we performed a screen for essential genes involved in arsenite
sensitivity using DAmP yeast library (Open Biosystems), which has decreased expression of essential genes through mRNA perturbation. We identified seven genes
(RKI1, YPT1, TAD3, POB3, ERG8, CEG1 and YBR089W) which confer yeast cells
hypersensitive to arsenite, when their expression were repressed. RKI1 is ribose-5phosphate ketol-isomerase in the pentose phosphate pathway (PPP). Disruption of
each gene involved in the non-oxidative branch of PPP, which is important for generating ribose-5-phosphate, enhanced arsenite toxicity. Moreover, arsenite repressed
expression of these genes. Our results suggest that metabolite derived from the nonoxidative branch of PPP might be involved in protection against arsenite toxicity.

1438

DYSFUNCTIONAL REGULATION OF METABOLIC AND
MITOCHONDRIAL GENE EXPRESSION FOLLOWING
ARSENIC EXPOSURES.

L. R. Klei and A. Barchowsky. Environmental and Occupational Health, Universtity
of Pittsburgh, Pittsburgh, PA.
Consumption of low to moderate levels of arsenic promotes a number of diseases
(cardiovascular disease, neurodegeneration, insulin resistance, and diabetes) that
stem from altered metabolism. However, it is unclear how arsenic enhances metabolic disease, especially in different target tissues. We explored the hypothesis that
the pathogenesis of low to moderate arsenic exposures is promoted by transcriptional and post-transcriptional shifts in protein and microRNA programs that regulate mitochondrial function and insulin sensitivity. In support of this hypothesis,
we observed that arsenic exposures (10 – 250 ppb in drinking water for 2 wk) increased adipose expression of the master metabolic co-regulator of mitochondrial
and lipid metabolic gene expression, PGC-1. Levels of mitochondrial transcription
factors, such as NRF1, that are co-regulated by PGC-1 were also induced with consequent downstream increases in mitochondrial dysfunction (uncoupling with increased UCP-1), but little or no induction of mitogenesis markers (VDAC). In addition, downstream target microRNA (27a, 27b, 29a, 29b) regulated by PGC-1
were also increased. These transcriptional increases were functional as arsenic disrupted insulin signaling in vivo (increased adipose PECK) and altered differentiation of cultured preadipocytes. Thus, the data suggest that induction of PGC-1 is
central to adipose tissue dysfunction that may underlie the pathogenesis of arsenicpromoted metabolic disease. Supported by NIEHS grant R01ES013781.
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EXPOSURE TO ARSENIC AND PREVALENCE OF
DIABETES IN CHIHUAHUA, MEXICO.

C. González-Horta1, L. M. Del Razo2, B. Sánchez-Ramírez1, L. BallinasCasarrubias1, R. Luján-López1, G. García-Vargas3, M. C. Ishida1, Z. Drobná4,
D. Loomis5 and M. Styblo4. 1Universidad Autónoma de Chihuahua, Chihuahua,
Mexico, 2Cinvestav-IPN, Mexico City, Mexico, 3Universidad Juárez del Estado de
Durango, Gomez Palacio, Mexico, 4University of North Carolina at Chapel Hill,
Chapel Hill, NC and 5University of Nebraska Medical Center, Omaha, NE.
We have recently shown that exposure to inorganic arsenic (iAs) in drinking water
is associated with increased prevalence of diabetes in Zimapan and Lagunera
(Mexico). Here, we report preliminary results of an ongoing study in Chihuahua
(Mexico). To date, we have recruited 554 subjects (360 women, 194 men) who
drink water containing 0.1 to 298 μg As/l. Diabetic individuals were identified
using fasting plasma glucose (FPG⭌126 mg/dl), oral glucose tolerance test (2-hour
plasma glucose, 2HPG⭌200 mg/dl), and reported diagnosis or medication for diabetes. The metabolites of iAs were analyzed in spot urine samples by hydride generation-atomic absorption spectroscopy. Sum of iAs metabolites in urine ranged from

5 to 425 ng/ml. Associations between diabetes and iAs exposure and urinary
metabolites of iAs were estimated by logistic regression with statistical adjustment
for age, sex, hypertension and obesity. We found that both FPG and 2HPG are significantly associated with iAs concentration in drinking water and urine, with sum
of iAs metabolites in urine, and with the concentrations of methylated metabolites
of iAs, methylarsenic (MAs) and dimethylarsenic (DMAs) in urine. Odds ratios of
3.58 (95% CI 1.38-9.30) and 2.86 (95% CI 1.02-8.01) were found for the exposure to iAs in drinking water greater than 95th percentile (>186 μg As/l) and for
urinary DMAs concentration greater than 95th percentile (>136 ng As/ml), respectively . These preliminary results are consistent with previous reports from this and
other laboratories linking the risk of diabetes to moderate or high exposures to iAs
in drinking water. Future studies need to examine possible associations of diabetes
with low iAs exposures.

1440

PROLONGED IAS EXPOSURE LEADS TO ABERRANT
INSULIN SIGNALING IN L6 MYOCYTES.

I. Druwe and R. R. Vaillancourt. Department of Pharmacology & Toxicology,
University of Arizona, Tucson, AZ.
Diabetes mellitus is a metabolic syndrome characterized by inappropriate production of insulin or the inability of cells to respond to insulin. It is estimated that by
the year 2050 1 in 3 U.S. adults will have diabetes mellitus. Insulin is the principal
hormone involved in lowering blood glucose and functions by suppressing liver
gluconeogenesis and glycogenolysis in the liver and by stimulating the uptake of
glucose into skeletal muscle and adipocytes. Recent epidemiological studies both in
the USA and abroad have linked chronic ingestion of low levels of inorganic arsenic
(iAs), an environmental toxicant, to the onset of diabetes mellitus. Although these
observations have been met with some skepticism, there are few mechanistic studies
have tried to elucidate the mechanisms by which iAs perturbs insulin signaling.
Here we show that L6 myocytes, an insulin responsive cell line, exposed to low to
moderate levels of iAs (0.25 to 2 μM) for 4 days show decreased insulin stimulated
glucose uptake as well as increased phosphorylation of IRS-1 at serine 307, thereby
impairing insulin stimulated uptake. These data support the epidemiological evidence that chronic exposure to low physiologically relevant levels of arsenite can
contribute to insulin resistance and type 2 diabetes states. And while the etiology of
type 2 diabetes has yet to be elucidated these data show that in addition to pharmacological treatment and lifestyle modifications, environmental exposures should
also be considered when evaluating the etiology of type 2 diabetes.

1441

ACUTE ARSENIC CARDIOTOXICITY ALTERS CARDIAC
CYTOCHROME P450 EXPRESSION AND
ARACHIDONIC ACID METABOLISM IN C57BL/6 MICE.

A. Anwar-Mohamed, A. A. El-Sherbeni, S. H. Kim, H. N. Althurwi, B. N.
Zordoky and A. O. El-Kadi. Faculty of Pharmacy and Pharmaceutical Sciences,
University of Alberta, Edmonton, AB, Canada.
Arsenic (As(III)) cardiotoxicity has received increasing attention as human exposure
to As(III) was associated with myocardial damage, heart failure, and cardiac arrest.
We have previously shown that the formation of the cardioprotective cytochrome
P450 (CYP) epoxygenase products (epoxyeicosatrienoic acids, EETs) is reduced in
several cardiac pathologies. Nevertheless, the effect of acute As(III) toxicity on the
expression of cardiac CYP enzymes has never been reported. Therefore, in the current study, we investigated the effect of acute arsenic toxicity on the expression of
CYP enzymes as well as CYP-mediated arachidonic acid metabolism in mice hearts.
In addition, we investigated the effect of acute As(III) toxicity on soluble epoxide
hydrolase enzyme (sEH) which metabolizes the cardioprotective EETs to the less
biologically active dihydroxyeicosatrienoic acids (DHETs). Acute As(III) toxicity
was induced by a single intraperitoneal injection of 12.5 mg/kg of As(III). Our results showed that As(III) treatment caused a significant induction of the cardiac hypertrophic markers, atrial natriuretic peptide, brain natriuretic peptide, and cardiotrophin-1. In addition, As(III) treatment caused a significant induction of
Cyp1b1, 2b9, 2b10, 2b19, 2c38, 2c40, 4f15, 4f18, and sEH gene expression in the
heart of AsIII-treated mice. In the heart microsomes, formation of the cardioprotective 11,12-, and 14,15-EETs was significantly reduced, whereas the formation of
8,9-, 11,12-, 14,15-DHETs was significantly increased. The decrease in the cardioprotective EETs can be attributed to the increase of sEH activity parallel to the induction of the sEH gene expression. In conclusion, acute As(III) toxicity alters the
expression of several CYP and sEH enzymes with a consequent decrease in the cardioprotective EETs which may represent a novel mechanism by which As(III)
causes progressive cardiotoxicity. Supported by NSERC Discovery Grant RGPIN
250139-07.

1442

PRO-ATHEROGENIC ARSENIC EXPOSURE ALTERS
MACROPHAGE POLARIZATION.

M. Lemaire, C. A. Lemarié, M. Flores Molina and K. K. Mann. Lady Davis
Institute for Medical Research, McGill University, Montreal, QC, Canada.
Environmental arsenic exposure is linked epidemiologically to increased atherosclerosis. Moreover, we showed that arsenic exposure altered plaque composition.
However, the mechanisms by which arsenic enhances atherosclerosis are still unknown. Monocytes and macrophages are key players in atherosclerosis. Different
macrophage phenotypes (M1, M2 or Mox) with different biological functions are
present within atherosclerotic plaques. M1 are classical macrophages with inflammatory characteristics, M2 are reparative macrophages and Mox respond to oxidative stress in an nrf2-dependant manner (nuclear erythroid related factor-2). As arsenic activate nrf2, we hypothesize that it increases atherosclerosis by skewing
macrophage polarization toward a Mox phenotype through nrf2 activation.
Therefore, we investigated the effects of arsenic on murine bone marrow derived
macrophages by first culturing these cells in M-CSF into resting macrophages and
then polarizing these into M1 with IFNγ or into M2 with IL-4. Macrophages or
polarized macrophages were then exposed to arsenic (1.33 μM) and gene expression, phagocytosis and cholesterol transport were evaluated. Arsenic-exposed naïve
macrophages showed increased mRNA marker of Mox, including heme oxygenase1. Furthermore, arsenic increased Mox markers in M1 and M2 macrophages while
decreasing markers of M1 and M2 (iNOS and arginase1, respectively), regardless of
their primary polarization. Although these data suggest that arsenic skews
macrophage differentiation toward Mox, characterized by a decrease in phagocytosis, which was not seen after arsenic exposure. In addition, arsenic-exposed
macrophages showed decreased pro-atherogenic cholesterol efflux. To better characterize the arsenic-enhanced plaque, we exposed ApoE-/- mice, a well-described
model of atherosclerosis, to arsenic (200 ppb) for 13 weeks and characterized the
macrophage composition within the plaque. Our observations may lead to a better
understanding of the role of macrophages in arsenic-induced atherosclerosis.

1443

SUPPRESSION OF ADIPOGENIC DIFFERENTIATION
BY ARSENIC INVOLVES INDUCTION OF CHOP10 VIA
ENDOPLASMIC RETICULUM STRESS RESPONSE.

Y. Hou, P. Xue, Q. Zhang, J. Fu, C. G. Woods, K. Yarborough, R. Zhao, M.
E. Andersen and J. Pi. The Institute for Chemical Safety Sciences, The Hamner
Institutes for Health Sciences, Research Triangle Park, NC.
Adipogenesis is regulated by a complicated network of transcription factors that coordinate expression of hundreds of proteins responsible for establishing the mature
fat-cell phenotype. Early in adipogenesis, the CCAAT/enhancer-binding protein β
(C/EBPβ) and C/EBPδ are rapidly induced to express and later activate expression
of peroxisome proliferator-activated receptor γ (PPARγ) and C/EBPα. While the
expression of C/EBPβ rises quickly in preadipocytes in response to adipogenic hormones, its DNA binding activity is initially suppressed through binding with
C/EBP homologous protein (CHOP10, also known as C/EBPζ or GADD153).
The expression of CHOP10 is downregulated along with adipogenesis and results
in activation of C/EBPβ. Exposure of 3T3-L1 preadipocytes to noncytotoxic levels
of arsenic, including inorganic arsenite (iAs3+, up to 5 μM), inorganic arsenate
(iAs5+, up to 20 μM), monomethylarsonous acid (MMA3+, up to 1 μM) and dimethylarsinous acid (DMA3+, up to 2 μM) dose-dependently decreased adipogenic hormone-induced adipogenesis. In addition, iAs3+ exhibited a strong inhibitory effect on adipogenesis in primary cultured preadipocytes isolated from
mouse white adipose tissues (WAT) and mesenchymal stem cells derived from
human WAT. Time-course studies in 3T3-L1 cells revealed that inhibition of adipogenesis by arsenic occurred in the early stage of adipogenic differentiation and
was substantially correlated with CHOP10 induction. Induction of CHOP10 by
arsenic, followed by a reduction in DNA binding activity of C/EBPβ, was associated with arsenic-triggered endoplasmic reticulum stress response. Taken together,
our studies indicate that low-level iAs and its methylated trivalent metabolites trigger endoplasmic reticulum stress response and upregulate CHOP10, which inhibits
C/EBPβ transcriptional activity, and thus impairs adipogenesis.

1444

LIPIDOMICS OF SUBCHRONIC LOW-LEVEL
INORGANIC ARSENIC EXPOSURE IN THE RAT.

O. Ademuyiwa1, O. K. Afolabi1, D. A. Wusu1, O. O. Ogunrinola1, E. O.
Abam1, E. A. Balogun1 and O. O. Odukoya2. 1Biochemistry, University of
Agriculture, Abeokuta, Ogun, Nigeria and 2Chemistry, University of Agriculture,
Abeokuta, Ogun, Nigeria.
Recent epidemiological evidences indicate close association between inorganic arsenic exposure via drinking water and cardiovascular diseases. However, the exact
mechanism of this arsenic-mediated increase in cardiovascular risk factors remains
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enigmatic. In order to investigate the effects of inorganic arsenic exposure on lipid
metabolism, rats were exposed to sodium arsenite (50, 100 and 150ppm) and
sodium arsenate (100, 150 and 200ppm) in their drinking water for 12 weeks.
Dyslipidemia induced by the two arsenicals exhibited different patterns.
Hypocholesterolemia characterised the effect of arsenite at all the doses but arsenate
induced hypercholesterolemia at the 150ppm dose. Hypertriglyceridemia was the
hallmark of arsenate effect whereas plasma free fatty acids was increased by the two
arsenicals. Reverse cholesterol transport was inhibited by the two arsenicals as evidenced by decreased HDL cholesterol concentrations whereas hepatic cholesterol
was increased by arsenite (100ppm), but decreased by arsenite (150ppm) and arsenate (100ppm) respectively. Brain cholesterol and triglyceride were decreased by the
two arsenicals; arsenate decreased the renal contents of the two lipids whereas arsenite increased the renal contents of the two lipids. Arsenite (150ppm) and arsenate (100ppm) inhibited hepatic HMG CoA reductase. At other doses of the two arsenicals, hepatic activity of the enzyme was up-regulated. The two arsenicals
however up-regulated the activity of the brain enzyme. We observed positive associations between tissue arsenic levels and plasma FFA, and negative associations between tissue arsenic levels and HDL cholesterol. Our findings indicate that in contrast to strengthening a dose-dependent effect phenomenon as observed with many
other compounds, the two forms of inorganic arsenic up- or down-regulate different pathways in the lipid metabolism spectrum at “low” or “high” doses and this
might be responsible for their cardiovascular effects.

1445

ALTERED ARSENICAL DISPOSITION IN
EXPERIMENTAL NONALCOHOLIC FATTY LIVER
DISEASE.

M. Canet, R. N. Hardwick, A. D. Lake, M. J. Kopplin, A. Gandolfi and N. J.
Cherrington. Pharmacology and Toxicology, University of Arizona, Tucson, AZ.
Nonalcoholic fatty liver disease (NAFLD) is the most common form of chronic
liver disease in Western society. NAFLD represents a spectrum of liver damage
ranging from simple steatosis to nonalcoholic steatohepatitis (NASH), which may
alter the ability of the liver to properly metabolize and eliminate xenobiotics.
Arsenic is a well known environmental toxicant that is dependent primarily on liver
metabolism for proper elimination from the body. The purpose of the current study
was to determine whether NAFLD alters the metabolism and elimination of the
toxic metalloid arsenic. Male C57bl/6 mice received either a high fat or methionine
and choline deficient diet to model simple steatosis and NASH, respectively. At the
conclusion of the dietary regimen, all mice were given a single, oral dose of either
sodium arsenate or arsenic trioxide. Mice with NASH excreted significantly higher
levels of arsenic in urine (24h) compared to controls. Total arsenic retained in liver
and kidney of NASH mice was not different from control; however both
monomethyl (MMA) and dimethyl (DMA) arsenic metabolites were differentially
retained in both kidney and livers of NAFLD mice. Specifically, NASH livers retained significantly higher levels of MMA, whereas DMA is retained significantly
less in the kidneys of NASH mice. Interestingly, urinary elimination of the more
toxic, trivalent inorganic arsenic species (iAsIII) was higher in mice with NASH
compared to control; whereas pentavalent inorganic arsenic (iAsV) was preferentially retained in livers of NASH mice. Although no change in the protein expression of hepatic arsenic (+3 oxidation state) methyltransferase was detected in
NASH, protein expression of Mrp1, a membrane transporter known to transport
trivalent inorganic arsenic species, was increased in the livers of NASH mice. These
results suggest that NASH alters the normal disposition and elimination of arsenical species, and implicates cellular transport rather than biotransformation as a possible mechanism.

1446

ONCOGENIC TRANSFORMATION OF NORMAL
PROSTATE STEM CELLS BY NEARBY,
NONCONTIGUOUS MALIGNANT PROSTATE
EPITHELIA POTENTIALLY INVOLVES INTERLEUKIN6.

Y. Xu, E. J. Tokar, Y. Sun and M. P. Waalkes. National Toxicology Program
Laboratory, DNTP, NIEHS, Research Triangle Park, NC.
Stem cells (SCs) likely play a key role in carcinogenesis. Malignant cells often release extracellular factors which influence SC microenvironment and modify tumor
behavior. Thus, in this study we determined if normal SCs (NSCs) might be influenced by nearby arsenic-transformed malignant epithelia (ME) without actual
physical contact. Transwell, non-contact co-culture allowed study of the effects of
nearby but non-contiguous arsenic-transformed malignant human prostate epithelia (CAsE-PE cells) on the isogenic normal prostate NSC line, WPE-stem. NSCs
exposed to the isogenic normal human prostate epithelial cells (RWPE-1) served as
the control. After a few weeks of co-culture with ME, NSCs showed hyper-secre-
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tion of metalloproteinases (MMPs), suppression of the tumor suppressor gene
PTEN, overproduction of viable free-floating spheroid cells, increased colony formation and formation of highly branched ductal-like structures in Matrigel, all indicative of a malignant SC phenotype. A time-related dysregulation of SC self-renewal genes occurred along with morphological and genetic evidence of
epithelial-to-mesenchymal transition (EMT) in SCs during co-culture with ME.
Interleukin-6 (IL-6), a cytokine involved in control of tumor microenvironment,
was hyper-secreted by CAsE-PE cells and NSCs previously transformed by inorganic arsenic into cancer SCs (CSCs). After 1 week of exposure to IL-6, NSCs
hyper-secreted MMP, showed decreased PTEN expression and underwent EMT,
similar to the response of NSCs co-cultured with ME. Taken together, our data indicate that ME can drive nearby NSCs towards a malignant phenotype, in effect
creating putative CSCs without any actual physical contact. This transformation is
likely due to factors secreted by the arsenic-transformed ME, potentially including
IL-6. This tumor “recruitment” of NSCs into CSCs potentially constitutes a new
phenomenon in cancer growth, extension and metastases and deserves further
study.

1447

P53 AND BCL2 RESPONSES TO INORGANIC ARSENIC
AND METHYL METHANESULFONATE IN HUMAN HT1080 FIBROSARCOMA CELLS.

P. Balbuena1, R. Clewell1, J. W. Yager2 and H. J. Clewell1. 1Center for Human
Health Assessment, The Hamner Institutes for Health Sciences, Research Triangle Park,
NC and 2Department of Internal Medicine Division of Epidemiology & Biostatistics,
University of New Mexico, Albuquerque, NM.
Exposures to drinking water contaminated with inorganic arsenic have been associated with increased incidence of cancer in humans. In vitro and in vivo data have
demonstrated that arsenic can act as a co-mutagen and co-carcinogen by inhibiting
DNA repair. Methyl methanesulfonate (MMS) is a direct-acting alkylating agent
and mutagen. The present study examined the responses of p53 and Bcl2 to 24 hr
treatments with different concentrations of inorganic arsenic and MMS to determine whether arsenic affects the cellular response to DNA damage by MMS. p53 is
a key protein in the cellular response to DNA damage, including apoptosis, and
Bcl2 is a protein associated with an anti-apoptotic, survival response.
Concentrations of 3, 10, 30, 100, and 300 nanomolar arsenite, 1, 3, 10, 30, and
100 micromolar MMS, and combinations of the lowest and highest arsenic concentrations with all of the MMS concentrations were assessed in a human fibrosarcoma cell line with functional p53 (HT-1080). MMS induced a statistically significant increase in p53 at 100 micromolar, but not at lower concentrations, while
arsenic alone had no effect on p53 expression at concentrations up to 300 nanomolar. However, co-exposure of cells to 300 nanomolar arsenic resulted in a significantly increased p53 response to MMS at concentrations as low as 1 micromolar.
Bcl2 was increased significantly in response 300 nanomolar arsenic, but not to
MMS. Surprisingly, the combination of 300 nanomolar arsenic with MMS did not
significantly increase the Bcl2 response except at the highest MMS concentration.
These results are generally consistent with a co-mutagenic/co-carcinogenic mode of
action for arsenite. The effect of arsenic co-exposure on other proteins in the cellular response to DNA damage will be investigated in future studies.

1448

ARSENIC INDUCES P53-DEPENDENT APOPTOSIS
THROUGH THE DOWN-REGULATION OF UBE2D
FAMILY GENES IN RENAL TUBULAR CELLS.

M. Satoh1, M. Tokumoto1, 2, Y. Fujiwara1, M. Uchiyama2, 3 and C. Watanabe4.
1School of Pharmacy, Aichi Gakuin University, Nagoya, Japan, 2Institute of Physical
and Chemical Research, Wako, Japan, 3Graduate School of Pharmaceutical Sciences,
University of Tokyo, Tokyo, Japan and 4Graduate School of Medicine, University of
Tokyo, Tokyo, Japan.
We recently found that cadmium (Cd)-induced apoptosis result from overaccumulation of p53 through the suppression of Ube2d family (Ube2d1, Ube2d2, Ube2d3
and Ube2d4) genes expression in normal rat proximal tubule cells (NRK-52E
cells). Ube2d family is one of the ubiquitin-conjugating enzyme and leads to degrade p53 by ubiquitin-proteasome system. In this study, we examined the effect of
arsenite and inorganic mercury, apoptosis inducing metals, on the expression of
Ube2d family genes and cellular accumulation of p53 protein using NRK-52E
cells. NRK-52E cells were treated with 20 μM NaAsO2 (As[III]) and 50 μM HgCl2
(Hg[II]) for 6 or 24 h, and cytotoxicity of each metal was appearance at 24 h.
As[III] suppressed the gene expression of Ube2d family except Ube2d3 at 6 h treatment. p53 protein was markedly accumulated and apoptosis was detected in cells
treated with As[III] for 24 h. On the other hand, Hg[II] treatment for 6 h decreased Ube2d1 mRNA level but increased Ube2d3 mRNA level. Although p53
protein level was not elevate, apoptosis was drastically observed in cells treated with
Hg[II] for 24 h. These results suggest that As[III] as well as Cd induces p53-dependent apoptosis through suppression of the expression of Ube2d family genes in
renal tubular cells, whereas Hg[II] induces p53-independent apoptosis.

1449

ARSENIC AND THE EPIGENOME: LINKED BY
METHYLATION.

K. Bailey1, L. Smeester1, W. Ward3, J. Rager1, X. Guan4, N. Smith1, G.
García-Vargas5, L. Del Razo6, Z. Drobná2, K. Hemant4, M. Stýblo2 and R.
Fry1. 1Environmental Sciences and Engineering, University of North Carolina at
Chapel Hill, Chapel Hill, NC, 2Department of Nutrition, University of North
Carolina at Chapel Hill, Chapel Hill, NC, 3NHEERL, US EPA, Research Triangle
Park, NC, 4Center for Bioinformatics, University of North Carolina at Chapel Hill,
Chapel Hill, NC, 5Faculty of Medicine, Juarez University of Durango State,
Durango, Mexico and 6Department of Toxicology, Cinvestav-IPN, Mexico City,
Mexico.
Inorganic arsenic (iAs) is an environmental toxicant currently affecting millions of
people worldwide, and chronically-exposed individuals are susceptible to arsenic
poisoning, or arsenicosis. Current evidence suggests arsenicosis susceptibility depends in part on the ability of individuals to biotransform iAs to monomethylated
and dimethylated arsenic (As) species (MMAs and DMAs, respectively). The risk of
several As-associated diseases has been reported to increase with increasing MMAs
to DMAs ratios in urine. In this study, we set out to examine relationships between
genomic DNA methylation, iAs biotranformation capacity, and arsenicosis in
chronically exposed individuals from Zimapan, Hildago, Mexico. After mapping
the methylomes of our study subjects, we identified a large interactome of hypermethylated gene promoters in arsenicosis subjects. This interactome is enriched for
genes involved in As-associated diseases such as cancer, heart disease, and diabetes.
Notably, we uncovered an As-induced tumor suppressorome, a complex of 17
tumor suppressors known to be silenced in human cancers. We also found that urinary concentrations of As species were associated with distinct DNA methylation
patterns. In particular, we found that promoter methylation patterns of genes associated with type I diabetes mellitus were dependent on urinary MMA concentrations and promoter methylation patterns of cancer-associated genes were dependent on urinary ratios of MMAs/DMAs and (DMAs+MMAs)/iAs. Increased
concentrations of all arsenicals tested were correlated with differential methylation
of histone deacetylase gene promoters, suggesting As exposure may impact multiple
components of the epigenome. Together, these findings support a possible epigenetic mode of As-induced disease. [This abstract does not reflect EPA policy.]

1450

EPIGENETIC REGULATION OF MT-1X OVEREXPRESSION IN METAL-INDUCED BLADDER
CANCER.

D. A. Sens, S. Talaat, S. Somji, M. A. Sens and S. H. Garrett. Pathology,
University of North Dakota, Grand Forks, ND.
Many bladder cancers have been shown to over-express metallothioneins (MT)
which are small molecular weight metal-binding proteins that can confer resistance
to chemotherapeutic agents. Cadmium and arsenite are bladder carcinogens that
were recently used to transform the normal human urothelial cell line, UROtsa. In
the metal induced transformed cells as well as in bladder cancer, MT-1X was shown
to be over-expressed. In this study, chromatin immunoprecipitation analysis was
used to assess the binding of transcription factors and to assess the modification of
histone tails in chromatin preparations from normal and metal-transformed
UROtsa cells. For this purpose, RNA was isolated from the parent as well as transformed cell lines and real time RT-PCR was performed to determine the expression
level of MT-1X. The results obtained suggest that MT-1X is highly over expressed
in the arsenite-transformed cells compared to the normal parental as well as the
cadmium-transformed cells. There was also an increase in acetyl H4 and H3K4me3
modifications and a decrease in H3K27me3 modifications in the metal responsive
region of the MT-1X promoter of the arsenite-transformed cells. Furthermore,
transcriptional factors such as p300, NF-1, Sp1 and LBP1 also showed an increase
binding to this region. Our data suggests that the transformation of the UROtsa
cells with arsenite may have resulted in epigenetic modifications within the promoter of the MT-1X gene which resulted in its increased expression.

1451

ARSENITE AND CADMIUM-INDUCED EPIGENETIC
MODIFICATIONS IN THE PROMOTER OF THE
METALLOTHIONEIN 3 GENE.

S. Somji, J. V. Gieson, D. A. Sens, M. A. Sens and S. H. Garrett. Pathology,
University of North Dakota, Grand Forks, ND.
Cadmium and arsenite are environmental carcinogens that have been implicated in
the development of bladder cancer. A previous study from this laboratory has
shown that both cadmium and arsenite can cause the malignant transformation of
an immortalized, but non-tumorigenic, human urothelial (UROtsa) cell line. These
transformed cell lines in culture do not express metallothionein-3 (MT-3); despite

the fact that most human bladder tumors over-express this gene. However, when
they are transplanted as tumors they show strong expression of MT-3 similar to
what is observed in human urothelial cancers. This difference in MT-3 expression
suggests that the mechanism of MT-3 gene silencing between the parental and
transformed urothelial cells are different. The goal of this study was to determine if
direct exposure to cadmium or arsenite could cause epigenetic modifications in the
promoter of the MT-3 gene. For this purpose, UROtsa cells were cultured either for
48 hours or for an extended period of time in the presence of 1μM cadmium or 1
μM arsenite. Chromatin immunoprecipitation analysis showed that both arsenite
and cadmium can increase acetyl H4 and H3K4me3, and can decrease H3K9me3
and H3K27me3 in the MT-3 promoter. These changes are more pronounced after
extended exposure of the cells to the heavy metals. However, both arsenite and cadmium could not induce the expression of the MT-3 gene unless the cells were exposed to the histone deacetylase inhibitor MS-275. These results suggest that the
histone modifications induced by heavy metals may not be sufficient to induce the
expression of MT-3 in the bladder cells and some in-vivo alterations may be necessary to induce the expression.

1452

CHRONIC EXPOSURE TO MONOMETHYLARSONOUS
ACID LEADS TO SUBSTANTIAL CHANGES IN GENE
EXPRESSION AFTER 12 WEEKS.

M. Medeiros1, X. Zheng1, P. Novak2, S. Wnek1, V. Chyan1, C. EscuderoLourdes3, D. Troup1, T. Minh Le1 and A. Gandolfi1. 1Pharmacology/Toxicology,
University of Arizona, Tucson, AZ, 2Biology Centre ASCR, Institute of Plant
Molecular Biology, Ceske Budejovice, Czech Republic and 3Laboratorio de
Inmunologia y Biologia Celular y Molecular, Universidad Autónoma de San Luis
Potosí, San Luis Potosí, Mexico.
Bladder cancer has been associated with chronic arsenic exposure.
Monomethylarsonous acid [MMA(III)] is a metabolite of inorganic arsenic and has
been shown to transform an immortalized urothelial cell line (UROtsa) at concentrations 20-fold less than arsenite. MMA(III) was used as a model arsenical to examine the mechanisms of arsenical-induced transformation of urothelium. A microarray analysis was performed to assess the transcriptional changes in UROtsa
during the critical window of chronic 50 nM MMA(III) exposure that leads to
transformation at three months of exposure. The analysis revealed only minor
changes in gene expression at one and two months of exposure, contrasting with
substantial changes observed at three months of exposure. The gene expression
changes at three months were analyzed showing distinct alterations in biological
processes and pathways such as a response to oxidative stress, enhanced cell proliferation, anti-apoptosis, MAPK signaling, as well as immune and inflammatory responses. Gene array analyses have also been performed at various time points between two and three months of exposure to resolve specific changes driving
transformation. Twelve genes selected as markers of these particular biological
processes were used to validate the microarray and these genes showed a time-dependent changes at one and two months of exposure, with the most substantial
changes occurring at three months of exposure. These results indicate that there is a
strong association between the acquired phenotypic changes that occur with
chronic MMA(III) exposure and the observed gene expression patterns that are indicative of a malignant transformation. (NIEHS 04940, NIH ES07091)

1453

CHRONIC EXPOSURE TO ARSENIC RESULTS IN
RETENTION OF METHYLARSONITE (MASIII) AND
DIMETHYLARSINITE (DMASIII) IN UROTHELIAL
CELLS.

J. Currier1, C. González-Horta2, L. Del Razo3, B. Sánchez-Ramírez2, L.
Ballinas-Casarrubias2, G. García-Vargas4, M. Ishida2, Z. Drobná5, D. Loomis6
and M. Styblo5. 1Curriculum in Toxicology, University of North Carolina at Chapel
Hill, Chapel Hill, NC, 2Universidad Autónoma de Chihuahua, Chihuahua, Mexico,
3Cinvestav-IPN, Mexico City, Mexico, 4Universidad Juárez del Estado de Durango,
Gomez Palacio, Mexico, 5Nutrition, University of North Carolina at Chapel Hill,
Chapel Hill, NC and 6University of Nebraska Medical Center, Omaha, NE.
Current evidence suggest that the methylated trivalent metabolites of inorganic arsenic (iAs), MAsIII and DMAsIII, are more toxic than either their pentavalent
counterparts or iAs. We have shown that both MAsIII and DMAsIII are relatively
stable in cellular environment, suggesting that analysis of cells or tissues could be
used to characterize the internal exposures to these toxic metabolites. Here, we examined the retention of tri- and pentavalent arsenicals in urinary bladder exfoliated
cells (BECs) isolated from urine of 105 residents of Chihuahua (Mexico) who are
exposed to iAs in drinking water. Arsenic species in BECs were analyzed by the oxidation state-specific hydride generation (HG)-inductively coupled plasma-mass
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spectrometry with cryotrapping (CT) and limits of detection (LOD) of 0.04-2 pg
As. HG-CT-atomic absorption spectrometry (LOD ~9-14 pg As) was used for
urine analysis. All BECs contained tri- and pentavalent iAs, MAs, and DMAs. The
sum of arsenic species ranged from 0.8 to 1,243.4 pg As/10,000 cells. The concentrations of MAsIII and DMAsIII in BECs ranged from 0.06 to 33.34 and 0.04 to
36.77 pg As/10,000 cells, representing 0.3-21.4% and 0.4%-19.6% of total As, respectively. We found positive statistically significant correlations between the concentrations of arsenic species in BEC and in urine (r = 0.23–0.50, p < 0.018).
However, the percent composition of iAs and DMAs and the ratios of MAs/iAs,
DMAs/MAs and DMAs/iAs significantly differ between BECs and urine (p <
0.0001). Further analysis will examine the associations between arsenic metabolites
retained in BECs and markers of diseases associated with chronic exposure to iAs,
including skin lesions and diabetes.

AsV reduction requires formation of ADP-AsV purportedly because AsV in it is
easily reduced by the SH group of GSH. Indeed, GS failed to promote AsV reduction when GSH was replaced with ophthalmic acid, a GSH analogue substrate of
GS that contains no SH group, although ophthalmic acid did undergo GS-catalyzed arsenolysis. In summary, GS promotes reduction of AsV to AsIII by forming
ADP-AsV in the course of GSH arsenolysis. Quantification of Gly in the incubates
indicates that ATP can accelerate AsV reduction because it permits GS to eliminate
the products of GSH arsenolysis (Glu-Cys and Gly) which inhibit the arsenolysis of
GSH and the coupled AsV reduction. Thus GS is yet another enzyme that promotes the reduction of AsV to the more toxic AsIII by forming an arsenylated
metabolite that is easily reduced by thiols, such as GSH.

1456
1454

METHYLARSONOUS ACID (MMAIII) CAUSES
OXIDATIVE DNA DAMAGE INDEPENDENT OF THE
ABILITY OF A CELL TO BIOMETHYLATE INORGANIC
ARSENIC.

E. J. Tokar1, C. Kojima1, R. P. Mason2 and M. P. Waalkes1. 1NTP, NIEHS, NIH,
Research Triangle Park, NC and 2LTP, NIEHS, NIH, Research Triangle Park, NC.
Arsenic, a human carcinogen, affects millions of people worldwide. Inorganic arsenic (iAs) and its methylated metabolite, methylarsonous acid (MMAIII), a highly
toxic form of the metalloid, may both have carcinogenic potential. However, the
mechanisms of these arsenicals and whether or not they are shared or different, is
not fully known. Thus, arsenic methylation-capable (TRL1215) and methylationdeficient (RWPE-1) cell lines were chronically exposed to low-level iAs (1.0-5.0
μM) or MMAIII (0.25-1.0 μM) and observed for oncogenic changes. Oxidative
DNA damage (ODD), various metrics of transformation, and gene expression of
factors involved in transformation and/or DNA damage/repair were periodically assessed. iAs induced a cancer phenotype in both cell lines. However, only methylation-capable cells showed an increase in ODD, and based on matrix metalloproteinase activity, cellular invasive ability, and colony formation, methylation-capable
cells acquired this altered phenotype much more rapidly (~18 wks) than methylation-deficient cells (~30 wks). In contrast, MMAIII caused consistent increases in
ODD levels (~500%) in both cell lines but this took several weeks (~20 wks) to
reach a significant level. Increased invasive ability and colony formation also occurred at a similar time (~18-20 wks) in both MMAIII-exposed cell lines.
Methylation-deficient cells acquire a cancer phenotype much more rapidly with
MMAIII exposure compared with inorganic arsenic, while both iAs and MMAIII
induced transformation at similar time-points in methylation-capable cells. For
both arsenicals, several DNA damage/repair factors appear to be enhanced as cellular ODD increased. Thus, MMAIII causes more rapid transformation associated
with ODD but arsenic methylation is not required for this transformation.
Moreover, the observations that both MMAIII and iAs induce a malignant phenotype, and iAs does not induce ODD, indicates arsenic may have both genotoxic
and epigenetic mechanisms dictated by target cell ability to methylate arsenic.

1455

GLUTATHIONE SYNTHETASE (GS) PROMOTES THE
REDUCTION OF ARSENATE (ASV) BY GLUTATHIONE
(GSH) VIA ARSENOLYSIS OF GSH.

Z. Gregus1, B. Nemeti1 and M. E. Anderson2. 1University of Pecs, Pecs, Hungary
and 2Texas Woman’s University, Danton, TX.
Several phosphorolytic-arsenolytic enzymes and ATP synthase can promote the reduction of AsV because they convert the phosphate analogue AsV into an arsenylated product in which the pentavalent arsenic is more easily reduced by GSH to
trivalent arsenite (AsIII) than in inorganic AsV (Gregus et al., Toxicol. Sci. 110:
282, 2009; Németi et al., Toxicol. Sci. 117: 270, 2010). GS can catalyze the arsenolysis of GSH (Glu-Cys-Gly). This occurs in two steps, each producing an arsenylated product: (1) Glu-Cys-Gly + AsV Ç Glu-Cys-AsV + Gly, and (2) GluCys-AsV + ADP Ç Glu-Cys + ADP-AsV. Thus, GS may also promote
reduction of AsV by GSH. This hypothesis was tested with human recombinant
GS, a Mg2+ dependent enzyme. Indeed, GS markedly increased AsIII formation
when incubated with AsV, GSH, Mg2+ and ADP, but not when GSH, Mg2+ or
ADP was omitted. Phosphate, a substrate competitive with AsV in the arsenolysis
of GSH, as well as the products of GSH arsenolysis or their analogues, e.g. Gly,
Glu-aminobutyrate, or ATP (in absence of ADP) decreased AsV reduction. In presence of ADP, however, ATP (but not an ATP analogue that cannot be phosphorylated or arsenylated) tripled the reduction of AsV. This indicates that GS-supported
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CYTOTOXICITY AND GENOTOXICITY OF ARSENIC IN
PRIMARY HUMAN LUNG CELLS.

H. Xie1, 2, 3, S. Martin1, S. Huang1 and J. P. Wise, Sr.1, 2, 3. 1Wise Laboratory of
Environmental and Genetic Toxicology, University of Southern Maine, Portland, ME,
2Maine Center for Toxicology and Environmental Health, University of Southern
Maine, Portland, ME and 3Department of Applied Medical Science, University of
Southern Maine, Portland, ME.
Arsenic originates from both geochemical and numerous anthropogenic activities
including mining, combustion of fossil fuels, wood preservation, agriculture and
metallurgy. Exposure of the general public to significant levels of arsenic is widespread. Arsenic is a well-documented human carcinogen. Long-term exposure to
low levels of arsenic in drinking water have been linked to bladder, lung, kidney,
liver, prostate, and skin cancer. Among them, lung cancer is of great public concern.
However, little is known about how arsenic causes lung cancer. The purpose of this
study was to determine the cytotoxicity and genotoxicity in human primary
bronchial fibroblasts cells (NHBF). Our data show that arsenic induces a concentration-dependent increase in cell death after acute (24 h) or chronic (120 h) exposure. 0.1, 1 and 10 uM arsenic for 24 h induced 85, 64 and 35 percent relative survival, respectively, and induced 73, 57 and 11 percent of relative survival,
respectively after 120 h treatment. 24 h exposure of 5 and 10 uM arsenic induced
15 and 32 chromosome damage compared to the control. Comet assay was used to
measure the formation of DNA double strand breaks. We found that 120 h exposure induced a concentration-dependent increase in double strand breaks. Future
study will focus on arsenic cytotoxicity and genotoxicity in primary bronchial epithelial cells.

1457

CHRONIC LOW-DOSE ARSENIC EXPOSURE IN VIVO
AND IN VITRO COMPROMISES MECHANISMS IN
AIRWAY EPITHELIAL WOUND RESPONSE.

C. Sherwood1, 2, 5, R. Lantz1, 4, 5 and S. Boitano2, 3, 5. 1Cellular and Molecular
Medicine, Arizona Health Sciences Center, Tucson, AZ, 2Arizona Respiratory Center,
Arizona Health Sciences Center, Tucson, AZ, 3Physiology, Arizona Health Sciences
Center, Tucson, AZ, 4Southwest Environmental Health Sciences Center, University of
Arizona, Tucson, AZ and 5Bio5 Institute, University of Arizona, Tucson, AZ.
Chronic exposure to arsenic-contaminated drinking water is a worldwide health
hazard. Both lung cancer and non-malignant lung disease (e.g. bronchiectasis,
chronic obstructive pulmonary disease) have been correlated with consumption of
arsenic-tainted drinking water. Although there is a clear correlation between arsenic
(As) exposure and lung disease, the cellular mechanisms underlying this link remain
ill defined. Recently a role for As in reduced lung immune function has emerged.
Ingested As rapidly reaches the airway epithelium where ATP signaling is essential
in innate immune defense (e.g., mucociliary clearance, bactericide production, and
wound repair). We previously published that ATP-dependent Ca2+ signaling is
compromised in an acute (24 hr) model of As exposure (i.e., 0.8, 3.9 μM) in an immortalized human bronchial epithelial cell line (16HBE14o-). In this report, we
employ a chronic in vitro model to evaluate the effects of low-level As exposure relevant to U.S. drinking water standards on airway epithelial cells. 16HBE14o- cells
were exposed to 0, 0.13, or 0.33 μM As (Na-arsenite) for 4-5 weeks and evaluated
for wound repair efficiency and ATP-mediated Ca2+ signaling. We found chronic
low-level As significantly reduced airway epithelial wound repair and ATP-mediated Ca2+ signaling. In order to examine ATP/Ca2+ signaling under conditions of
natural exposure, we cultured mouse tracheal epithelial (MTE) cells from control
and chronic (4 wks) As-exposed mice via drinking water. MTE cells from As-exposed mice (50 ppb) displayed reduced ATP/Ca2+ signaling. We conclude that reductions in ATP signaling following chronic low-level As exposure compromises innate immune defenses in the airway epithelium that may contribute to
development of non-malignant lung disease.
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LUNG DISTRIBUTION OF ARSENIC AND HEME
OXYGENASE EXPRESSION IN RATS
INTRATRACHEALLY EXPOSED TO ARSENITE.

A. Hernandez-Zavala2, 1, G. Alavez-Carranza3, M. Uribe- Ramírez1, L. SánchezPeña1, L. Del Razo1 and A. De Vizcaya-Ruíz1. 1Toxicology, Cinvestav, Mexico,
Mexico, 2Sección de Investigación y Posgrado, Escuela Superior de Medicina-IPN,
Mexico, Mexico and 3Biotecnologia, Universidad Tecnológica de Tecamac, Mexico,
Mexico.
The anthropogenic exposure to inorganic arsenic (iAs) is mainly via inhalation.
However there is limited information about the tissue distribution of arsenic by this
route. The induction of heme oxigenase-1 (HO-1) in tissues has been used as a sensitive biomarker of effect for iAs exposure. HO-1 induction depends on the kinetic
and dynamic capacity of arsenical specie to reach and accumulate on the tissues.
Kinetic studies in rodents have shown that a single oral dose of iAs results in the following distribution of iAs: liver>kidney>lung during the first 6 h after exposure,
maintaining iAs as the main arsenical specie. The objective of this study was to evaluate the HO-1 induction in the lung of rats exposed to a single intratracheal dose
to arsenite. Sprague Dawley male rats were exposed intratracheally (0.5 mg/kg) to
sodium arsenite. Lungs were obtained after 3 and 24 h post-exposure for Western
blot analysis to determine HO-1 levels and lung distribution of iAs and their
metabolites (by hydride generation atomic absorption spectrometry). No changes
in HO-1 in rat lung were observed after exposure to arsenite. Rat arsenic concentration in the lung at 3 h was 726 ng/g of tissue being iAs the prevalent specie
(62%). While at 24 h arsenic concentration in lung was 200 ng/g of tissue were
only methylated species were present, suggesting that iAs was complete biotransformed at this time. In conclusion rats exposed intratracheally to 0.5 mg/kg arsenite did not induce HO-1, this could be explained by the low distribution of arsenicals in the lung and the quick biotransformation of iAs.
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ARSENITE EXPOSURE DECREASES ENOS PROTEIN
LEVELS AND DISRUPTS ITS PHOSPHORYLATION
PROFILE IN A MODEL OF HUMAN PLACENTAL
ENDOTHELIAL CELLS EA.HY 926.

P. Sanchez Soria1, S. T. Quach1, P. Parker1 and T. D. Camenisch1, 2, 3.
1Pharmacology and Toxicology, College of Pharmacy, University of Arizona, Tucson,
AZ, 2Steele Children’s Research Center, University of Arizona, Tucson, AZ and
3Southwest Environmental Health Sciences Center, University of Arizona, Tucson, AZ.
Arsenic exposure has been associated with a high incidence of hypertension and
multiple cardiovascular diseases. Recent studies have shown that mice chronically
exposed to low level arsenic through drinking water develop hypertension and consequently, concentric left ventricular hypertrophy. In order to understand the underlying mechanism or arsenic related hypertensive pathology, a human placental
endothelial cell line, EA.hy 926 was used to explore the effects of arsenic exposure
on endothelial nitric oxide synthase (eNOS) function and stability. Preliminary results indicate that several phosphorylation sites are altered by arsenic exposure.
EA.hy 926 cells were exposed to 500 μM sodium arsenite for 30 minutes to evaluate phosphorylation changes, and to 100 μM sodium arsenite for 6 hours to evaluate protein stability. Phosphorylation of eNOS was dysregulated by arsenic exposure, including phosphorylation of Ser632, which increased significantly.
Moreover, arsenic exposure substantially increased eNOS ubiquitination levels and
reduced total eNOS protein levels after a 6 hr exposure. This suggests that arsenic
exposure affects eNOS function by increasing its degradation rate and altering
phosphorylation of key residues necessary for adequate nitric oxide production and
vasomotor regulation. (NIH ES 04940; ES06694; SWEHSC P30ES006694)
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APOFERRITIN INHIBITS THE FORMATION OF
ARSENIC-INDUCED REACTIVE OXYGEN SPECIES IN
J774 MURINE MACROPHAGES.

T. R. Radabaugh2, J. Shi2, T. J. Monks2 and S. S. Lau2, 1. 1Southwest
Environmental Health Sciences Center, University of Arizona, Tucson, AZ and
2Department of Pharmacology and Toxicology, College of Pharmacy, University of
Arizona, Tucson, AZ.
Arsenic (As) causes oxidative damage to a myriad of cellular targets via production
of reactive oxygen species (ROS), although the precise mechanism is not known.
Previously we described a model where As(III)-induced ROS are produced by the
release of redox active iron from ferritin by the following redox reaction: Fe(III) +
As(III) Ç As(V) + Fe(II). The resulting Fe(II) from this redox reaction is now free
to produce ROS via the Fenton reaction. In order to study the relationship between

Fe(II) and As(III)-induced ROS we employed the H2DCF-DA assay to measure
ROS in J774 murine macrophages treated with 100 μM As(III), 400 μM H2O2,
and 4 μM apoferritin. The data indicated that (i) As(III) by itself does not significantly increase ROS in J774 cells, (ii) H2O2 elevated ROS generation ~3-fold relative to control J774 cells, (iii) As(III) potentiates H2O2 mediated ROS production,
and (iv) apoferritin reduces arsenic induced ROS in the presence of H2O2 by
~11%. Our finding that As(III) does not increase ROS levels by itself but increases
ROS levels in the presence of H2O2 suggests that Fenton chemistry is involved.
Since our previous study has shown that the iron chelator apoferritin does not bind
As(III), the observed reduction in As(III)-induced ROS in the presence of apoferritin suggests that the apoferritin is chelating redox active iron and is supportive of
our hypothesis. Because ferritin is found throughout the body and ROS have been
implicated in As-induced cancer and cardiovascular disease, As induced ROS produced by As-Fe redox reactions in ferritin may represent a major and novel mechanism involved in arsenic toxicity against a broad range of cellular targets and diseases. (P30ES006694)
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EFFECT OF MITOCHONDRIAL ATP BINDING
CASSETTE TRANSPORTER B6 (ABCB6) IN ARSENIC
TOXICITY AND MITOCHONDRIAL FUNCTION.

H. D. Chavan1, J. Lu2, R. Swerdlow2 and P. Krishnamurthy1. 1Pharmacology,
Toxicology, and Therapeutics, Kansas University Medical Center, Kansas City, KS and
2Biochemistry and Molecular Biology, Kansas University Medical Center, Kansas City,
KS.
Arsenic, an environmental carcinogen, remains a major public health problem.
Evidence suggests that arsenic exerts its chronic toxicity by generating reactive oxygen species (ROS) that cause damage to mitochondria via oxidative stress. Thus,
strategies that reduce oxidative stress and promote mitochondrial function offer potential targets for therapeutic intervention. Recently, our laboratory showed that
the mitochondrial ATP binding cassette transporter ABCB6 protects cells against
arsenic toxicity by reducing oxidative stress. In the present study, we evaluated the
effect of ABCB6 expression to arsenic toxicity in vivo in Abcb6+/- mice and the
consequences of ABCB6 expression or lack thereof on mitochondrial function. We
found that in Abcb6+/- mice fed sodium arsenite in drinking water, arsenite caused
increased liver and urinary bladder injury. Further, we found that cells engineered
to over-express ABCB6 had altered mitochondrial respiratory rate and mitochondrial function as measured using Seahorse Extracellular Flux (XF) Analyzer.
Collectively these results suggest that ABCB6 is an endogenous protective mechanism activated in response to arsenic, which promotes mitochondrial redox status
to reduce cellular oxidative stress.
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LOWERED DIETARY PHOSPHATE INCREASES ORAL
BIOAVAILABILITY OF ARSENATE IN MICE.

D. J. Thomas1, G. E. Lee1, B. M. Edwards1, K. Herbin-Davis1, K. Bradham2
and M. F. Hughes1. 1ISTD, NHEERL, US EPA, Research Triangle Park, NC and
2HEASD, NERL, US EPA, Research Triangle Park, NC.
Arsenate (iAsV), an inorganic oxyanionic species, has physicochemical properties
similar to inorganic phosphate (iP). There is evidence that iAsV competes with iP
for transmembrane carriers that mediate iP uptake. Thus, it is possible that altered
dietary intake of iP could modify the bioavailability of ingested iAsV. In a mouse
bioavailability assay, we have examined the effect of dietary phosphorus (P) content
on bioavailability of iAsV. Adult female C57BL/6 mice received a powdered AIN93G rodent diet amended by the addition of iAsV (~ 5ppm) that contained either
the normal concentration of P (NP, 0.3% P) or reduced concentration of P (LP,
0.15%). Mice had free access to either diet and drinking water throughout a 9-day
exposure period. Food and water intake were monitored and urine and feces collected for As determination by instrumental neutron activation analysis. Under
these conditions, neither altered dietary P nor iAsV amendment of diet significantly affected food and water consumption or weight gain during exposure.
Compared with NP diet, ingestion of LP diet significantly lowered (P < 0.05) concentrations of iP in urine and serum. The absolute bioavailability of As in mice ingesting the NP diet amended with iAsV was significantly lower than the absolute
bioavailability of As in mice ingesting the LP diet amended with iAsV (P < 0.001
by Mann-Whitney rank sum test). Increased bioavailability of dietary As in mice
consuming LP diet suggests that physiological processes affecting P homeostasis
that are upregulated during ingestion of LP diet promote the absorption and retention of As. Hence, P nutriture could be an important determinant of the bioavailability in individuals exposed to iAsV. (This abstract does not reflect the policies of
the US EPA).
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HUMANIZED UDP-GLURONOSYLTRANSFERASE 1
MICE AS A SENSOR FOR ENVIRONMENTAL
EXPOSURE.

R. Fujiwara1, C. Konopnicki1, S. Chen1, M. Karin1 and R. H. Tukey1, 2.
1Pharmacology, University of California San Diego, La Jolla, CA and 2Chemistry &
Biochemistry, University of California San Diego, La Jolla, CA.
Heavy metal exposure can cause a wide variety of health problems such as cancers of
the skin, bladder, lung, and liver, cardiovascular and peripheral vascular disease,
neurological disorders, and diabetes. The health issues caused by heavy metal exposure are frequently linked to the activation of transcription factors. Expression of
the human UGT1A1 gene, part of the UGT1 locus, is regulated by a host of xenobiotic receptors (XR), such as PXR, CAR, PPARα, the Ah receptor and the Nrf2Keap1 pathway. We predicted that in vivo control of the human UGT1A1 gene
might serve as an effective broad-spectrum bioassay system for the detection of environmental toxicants. This was tested in recently developed humanized UGT1
(hUGT1) mice, created by expression of the human UGT1 locus in a Ugt1-null
background. Neonatal hUGT1 mice develop severe hyperbilirubinemia resulting
from inadequate expression of hepatic and intestinal UGT1A1. Induction of liver
or intestinal UGT1A1 by agents that activate the XRs leads to a rapid decrease in
total serum bilirubin (TSB), which can be accurately and easily measured. When
we examined metal exposure by oral administration towards As3+, Cd2+, Pb2+, Cr6+,
Fe2+ and Cu2+, only As3+ and Cd2+ led to reductions in TSB levels. These metals did
not induce hepatic UGT1A1 gene expression, but dramatically induced UGT1A1
in the small intestine. Along with UGT1A1 gene expression, As3+ and Cd2+ also induced intestinal Cyp2b10 gene expression. Interestingly, neither As3+ nor Cd2+ induction of UGT1A1 or Cyp2b10 gene expression was associated with activation of
CAR, as demonstrated in hUGT1 mice that were also Car-null. However, Cd2+ induction of Cyp2b10 is controlled by the intestinal NF-κB/IKK pathway, as confirmed in mutant mice with conditional deletion of IKKα/β in enterocytes. We
suggest that hUGT1 mice can be used as a biosensor for environmental toxicant exposure. (Supported by USPHS grant GM086713 and Superfund P42ES010337)
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RESISTANCE TO ENVIRONMENTAL ARSENIC IN THE
ATLANTIC KILLIFISH (FUNDULUS HETEROCLITUS).

D. Jung1, 2, B. MacIver3, B. Jackson4, R. Barnaby1, J. Sato2, M. Ziedel3, J.
Shaw2, 5 and B. Stanton1, 2. 1Microbiology and Immunology, Dartmouth Medical
School, Hanover, NH, 2Mount Desert Island Biological Laboratory, Salisbury Cove,
ME, 3Medicine, Beth Israel Deaconess Center and Harvard Medical School, Boston,
MA, 4Earth Sciences and Chemistry, Dartmouth College, Hanover, NH and 5The
School of Public and Environmental Affairs, Indiana University, Bloomington, IN.
The Atlantic killifish (Fundulus heteroclitus) is a model environmental organism
that is extremely tolerant to arsenic. As a first step in elucidating the mechanism behind this phenomenon, we used PCR to identify aquaglyceroporins, which are arsenite transporters, in the gill and the intestine, the major organs exposed to environmental arsenic. Aquaporin3 (kfAQP3) was the most highly expressed AQP in
the gill, whereas AQP9 was the most highly expressed AQP in the intestine.
Expression of kfAQP3 and human AQP3 (hAQP3) in Xenopus oocytes significantly enhanced water, glycerol and urea uptake. However, kfAQP3 expressed in
HEK293T cells did not enhance arsenic uptake whereas hAQP3 significantly enhanced arsenic uptake. Thus, kfAQP3 is a novel aquaglyceroporin because it does
not transport arsenic. This observation may partially explain arsenic tolerance in
the Atlantic killifish. By contrast, we demonstrated that a variant of AQP3 found in
embryo of the Spanish killifish does enhance arsenic transport into HEK293T cells.
Research is underway to elucidate the molecular basis for the differences in uptake
of arsenic by the killifish AQP3 variants and to determine if environmental pressures have contributed to the selective expression of a kfAQP3 variant in Atlantic
killifish found in Maine that transports water, glycerol and urea, but not arsenic.
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A GENETIC APPROACH TO UNCOVERING CELLULAR
PATHWAYS SENSITIVE TO METHYLATED
ARSENICALS.

I. L. Cartwright and J. Shang. Molecular Genetics, University of Cincinnati College
of Medicine, Cincinnati, OH.
Recent years have witnessed an evolution in thinking about mechanisms responsible for the effects of chronic exposure to arsenic (As). Two discoveries, one
grounded in experimental studies, the other derived from epidemiological surveys,
have fueled this development. First, it has been well documented that some
metabolites of inorganic As (iAs) found in human cells (particularly the trivalent
methylated species MMAIII and DMAIII) are more toxic in a variety of in vitro and
in vivo assays than are the non-transformed inorganic precursors. Second, it would
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appear that individuals with higher ratios of MMA to DMA in their urine are more
at risk for adverse outcomes of As ingestion. Moreover, certain polymorphisms in
the human arsenic (+3 oxidation state) methyltransferase enzyme (hAS3MT) that
performs such methylation have been associated with higher levels of MMAIII, suggesting this is a significant genetic risk factor. We have pioneered the engineering of
hAS3MT alleles into Drosophila as a means of comparing the differential metabolism and phenotypic effects that such alleles might bestow on iAs fed animals.
Moreover, because of the sophisticated genetic analyses available in this higher organism we can screen for genes and/or pathways that interact differentially with iAs
(using wild type, non-methylating flies) as compared to the methylated As species
produced in vivo (using the hAS3MT transgenics). While we have found using in
vivo RNA interference that NF-kB-mediated pathways are an important defense response to As in this system (as in humans), disruption of NF-kB function leads to
extreme toxicity occurring in the hAS3MT transgenic flies as compared to the wild
type flies when both are similarly exposed to iAs. Our hypothesis is that other pathways will likewise show strong genetic interaction with methylated arsenicals, since
we find these species exhibit significantly enhanced and varied binding to cellular
proteins as compared to iAs alone.

1466

WIND-ACTIVATED TOXICOLOGICAL SAMPLING AT A
NEAR-ROADWAY SITE IN DETROIT, MICHIGAN.

A. Kamal1, G. Norris1, M. Landis1, A. Vette2, Q. Krantz2, J. Turlington1, K.
Kovalcik1, J. McGee2 and I. Gilmour2. 1NERL, US EPA, Research Triangle Park,
NC and 2NHEERL, US EPA, Research Triangle Park, NC.
There is a potential association between traffic-related pollution and the exacerbation of childhood asthma. As part of the Detroit Near-road EXposure to Urban air
pollutants Study (NEXUS), we are interested in evaluating the toxicological outcomes associated with downwind and upwind size-fractionated freeway impacted
samples. A Chem-Vol sampler collected on a 2-in-3 day schedule for coarse, fine
and ultrafine particles at 900 lpm at a site located 100m from the I-96 freeway in
Detroit, Michigan (3/24/11-5/5/11). The sampler was customized to switch between two separate sampling heads based on wind direction to isolate upwind
(background) and downwind (roadway) contributions. The PUF and polypropylene filters will be extracted in methanol for both particulate characterization and
toxicological studies.
Collocated high time resolution measurement data at the I-96 site were used to
evaluate the potential upwind and downwind impacts. Upwind and downwind
PM2.5 concentrations were 7.5 and 8.5 μg/m3, respectively (p<0.0001), as measured by a Thermo SHARP sampler. A Magee AE22 Aethalometer measured black
carbon concentrations, a strong indicator for diesel emissions; upwind and downwind concentrations were 238 and 394 ng/m3, respectively (p<0.0001). Significant
differences in vehicle emission contributions were also detected in the NOx data
(Thermo 42C); upwind and downwind NO2 concentrations were 11.7 and
14.4ppb, respectively (p<0.0001). Analysis of trace elements, ions, organics and
toxicological outcomes are still underway. These preliminary findings indicate that
there is not only a difference in the PM mass influencing the sampling site, but that
the composition and therefore potential toxicological effects could also differ based
on wind direction. Our ability to isolate source contributions by using novel windactivated sampling will enhance our understanding of the toxicological effects in a
real-world exposure study.
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TOTAL AROMATIC CONTENT IN PETROLEUM
SOLVENTS MODIFIES HEADSPACE BENZENE VAPOR
CONCENTRATIONS: IMPLICATIONS FOR EXPOSURE
ASSESSMENTS.

B. D. Kerger1, R. O. Richter2, S. Hoyt3 and M. Fedoruk4, 1. 1HSRI, Tallahassee,
FL, 2Exponent, Irvine, CA, 3EAS, San Luis Obispo, CA and 4Center for
Occupational and Environmental Health, University of California-Irvine, Irvine, CA.
This study evaluates how equilibrium vapor concentrations above petroleum solvent mixtures are affected by liquid aromatic content and the implications for estimating benzene vapor exposures. Mixtures with liquid benzene content ranging
from 0.001 to 1.0% (by weight) and varied percentages (0, 1, 5, 10, 20 and 100%)
of 1,2,4-trimethylbenzene in n-nonane were studied. Headspace vapor concentrations at 30 min. after mixing in gas-tight syringes were assessed using a direct-injection gas chromatography/flame ionization detection method that showed good precision. The measured values were compared to predictions based on Raoult’s Law,
with and without non-ideality corrections using activity coefficients. Ratios of
vapor to liquid benzene concentrations decreased with increasing total aromatic
content; i.e., mixtures with 10% to 20% trimethylbenzene simulating non-hydrotreated mineral spirits had much lower ratios compared to the >99% aliphatic
mixtures that simulate hydrotreated mineral spirits. Positive deviations from
Raoult’s Law were greatest at liquid benzene concentrations below 0.1%, particu-

larly in the predominantly aliphatic mixtures. Correcting for non-ideality using activity coefficients resulted in predicted vapor concentrations that were closer to
measured values. Thus, higher aromatic content and higher liquid benzene content
suppress benzene vapor concentrations in a nonlinear manner due to benzene’s
greater affinity for similar aromatic molecules in solution. These findings indicate
that spiking benzene into hydrotreated mineral spirits formulations to simulate
higher past benzene content likely results in artificially elevated benzene emissions
unless the tested mixture also contains the same fraction of other aromatic compounds that inherently suppress benzene vapor release. Benzene vapor exposure
models should account for these factors.
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FLOW CYTOMETRY-BASED HEMATOTOXICITY
MATRIX READILY INTEGRATES WITH STUDIES OF
THE EFFECTS OF IONIZING RADIATION OR
CHEMICAL EXPOSURE IN MULTIPLE SPECIES.

J. Bemis1, Y. Chen2, S. M. Bryce1, J. A. Mereness1, S. Phonethepswath1, P.
Weller1, E. Hernady2, J. Williams2, J. Finkelstein2 and S. D. Dertinger1. 1Litron
Laboratories, Rochester, NY and 2Radiation Oncology, University of Rochester Medical
Center, Rochester, NY.
The ability to rapidly and efficiently generate data on the condition of peripheral
blood cell populations has obvious value in studies designed to investigate the impact of agents like ionizing radiation or chemicals. A hematotoxicity response matrix, or HARM assay, has been devised that involves the addition of a minimal volume of whole blood to a solution containing a fluorescent nucleic acid dye,
mitochondrial membrane potential dye and counting beads. Following a short incubation, the sample is analyzed by flow cytometry and cell populations are identified based on light scatter characteristics and nucleic acid content. Initial assessment of the method involved exposure of rats to a wide range of radiation doses and
demonstrated time- and dose-dependent alterations in several important peripheral
blood cell populations including lymphocytes, neutrophils, reticulocytes and
platelets. As examples of the utility of the HARM assay, data from two study designs will be discussed. Mice were injected with 100 μCi 137Cs as a model of internal, systemic exposure to radiation. Absolute lymphocyte counts were reduced as
early as 6 hrs and up to 4 weeks post exposure, however no effects were observed in
the erythroid population. Integration of the HARM assay into the standard 28-day
repeat dose rat study used in pharmaceutical and industrial product safety assessment was investigated. Exposure of rats to the antineoplastic agents chlorambucil,
cyclophosphamide, melphalan, or thiotepa for 28 consecutive days elicited changes
in lymphoid and erythroid populations that were dose and compound specific. The
ability of the HARM assay to readily assess a multitude of hematological endpoints
that display varying responses to different exposures highlights the utility of this
assay for situations involving industrial hygiene and safety assessments and environmental biomonitoring.
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COMPARISON OF THE SENSITIVITY OF GC/EI-MS TO
GC/ECNI-MS FOR THE QUANTIFICATION OF BDE-47,
BDE-49, BDE-52, BDE-95, BDE-99, BDE-100, BDE-136,
AND BDE-153 IN MATERNAL PLASMA AND CORD
BLOOD.

Y. Lin, I. N. Pessah and B. Puschner. University of California Davis, Davis, CA.
Autism spectrum disorders affect about 1% children in the US, with high economic
costs to families and society. Little is known about the non-genetic causes of autism,
and even less about the role of environmental chemical exposures. The use of polybrominated diphenylethers (PBDEs) rose rapidly in the US over the last two
decades and, with it, the concern about their developmental neurotoxicity. Of the
209 PBDE congeners, tetra-, penta- and hexa-BDEs are most commonly present in
human tissues. Previous analytical methods only evaluated a limited number of
these PBDE congeners without particular focus on their neurotoxicity. Therefore, a
highly sensitive analytical method to simultaneously detect the most biologically
active PBDE congeners at pg/g to ng/g plasma concentrations in small volume
human plasma samples was developed. In this study, the sensitivity and specificity
to determine PBDE congeners in human plasma using gas chromatography-mass
spectrometry with electron ionization (GC/EI-MS) and electron capture negative
ionization (GC/ECNI-MS) were compared. Electron energy, emission current,
source temperature, focus lens, and choice of ECNI reagent gases were optimized.
By monitoring bromide ion ([Br]-) using ECNI source, the limit of quantification
of targeted PBDE congeners was 1 pg/g plasma, which was two orders of magnitude lower than the LOQs when using EI. The method was validated and used to
quantitate the targeted PBDEs in human plasma and cord blood samples. The concentrations of tetra-BDEs were much greater than those of penta- and hexa-BDEs,
which is in contrast to their levels in the environment. Supported by
1R01ES020392, P42 ES04699 and P01 ES011269 JBJ Foundation.
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COMPARISON OF TWO DIFFERENT ELISA-BASED
METHODS FOR THE DETECTION OF MICROCYSTINS
IN HUMAN BLOOD.

A. H. Heussner1, I. Winter1, F. Rubio2, L. Kamp2, A. Celona2 and D. R.
Dietrich1. 1Human & Environmental Toxicology, University of Konstanz, Konstanz,
Germany and 2Abraxis LLC., Warminster, PA.
Microcystins (MCs) are known contaminants of water bodies due to cyanobacterial
blooms all over the world and the public is at risk of being intoxicated by exposure
to contaminated water, food (e.g., fish) or algal food supplements. Subsequent to
the 1996 Caruaru event in Brazil, where patients were intravenously exposed to
high MC doses during dialysis in two dialysis clinics using cyanobacterial bloom
contaminated water, several techniques (LC-MS, GC-MS and ELISA) were established to detect MCs in serum. Persons chronically exposed to low doses of MCs,
show very low toxin serum levels. Thus far, low MC levels were analyzed using LCMS, albeit MC detection with the latter method is primarily dependent on the levels of free (non-covalently bound) MC and the availability of MC standards.
Conversely little is known about the suitability of highly sensitive ELISA for qualitatively and quantitatively determining MC in human blood. The aim of the current study was to determine whether commercially available ELISAs and the respective sample preparation methods would allow MC quantification in human
blood serum. For this, two different MC-ELISAs, the Adda-ELISA kit or and the
MC serum-ELISA kit (Abraxis, Warminster, PA, USA) were used and the concentration-dependent recovery of MCs determined. Human blood serum samples were
spiked with varying concentrations of microcystins (MC-LR, MC-YR, MC-RR,
MC-LA, MC-LW, MC-LF and defined MC mixtures) and extracted with two different methods (methanol extraction followed by SPE and kit-based sample cleanup). In addition, MC spiked bovine serum and standard cell culture medium containing 10% FBS were used to investigate matrix effects. The results indicate that
the serum ELISA is more suitable for MC analysis compared to the standard
method (extraction, SPE and Adda-ELISA). Due to the detection range of the
ELISAs, sample concentration and/ or spiking may be required to allow detection
of low levels of MCs in human blood or in cell culture samples.

1471

ANALYTICAL METHOD VALIDATION OF TRIS(2CHLOROISOPROPYL)PHOSPHATE (TCPP) IN HARLAN
SPRAGUE DAWLEY MATERNAL RAT BLOOD.

J. Algaier1, S. P. Kerns1, C. C. Dillon1, B. D. Sitzmann1, A. L. Hoskins1, J. L.
Cobb1, D. M. Logan1, A. D. Ammenhauser1, P. J. Schebler1, R. K. Harris1, B.
J. Collins2 and C. S. Smith2. 1MRIGlobal, Kansas City, MO and 2National
Toxicology Program, DNTP, NIEHS, Research Triangle Park, NC.
The commercial flame retardant (FR), tris(2-Chloroisopropyl)phosphate (TCPP) is
added in rigid polyurethane foam for use in furniture products. TCPP replaced the
previous FR, pentabromodiphenyl ether, which had been found to accumulate in
the environment and in human tissue. However, due to the prevalent use of TCPP
in the construction industry and the way in which organophosphate esters release
into the surrounding environment, persistent levels of TCPP may result in broad
human exposure, leading to the selection of TCPP for study by the National
Toxicology Program.
In this work, an analytical method was developed and validated for all four TCPP
structural isomers extracted from Harlan Sprague Dawley maternal rat blood; ranging from ~ 4 to ~ 100 ng/mL. After extracting samples using ethyl acetate, evaporating to dryness and reconstituting in hexane with an eicosane internal standard,
analysis was performed using gas chromatography with mass spectrometric detection. The results confirmed the method was linear (r ≥ 0.99), accurate (% RE:
–15.7 to 18.7%), and precise (% RSD ≤ 10.3%) for all four isomers.
Storage study results established that TCPP spiked blood samples were stable for a
minimum of 14 days without significant TCPP loss when stored under freezer (20°C) or ultra-freezer ( 70°C) conditions; while extracts were stable if stored under
ambient, refrigerated or freezer conditions; thus allowing this validated method to
be used to analyze samples from a future toxicological study.
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AN LC/MS/MS METHOD FOR DETERMINATION OF
VARIOUS DRUGS OF ABUSE AND METABOLITES IN
MUNICIPAL WASTEWATER EFFLUENT SAMPLES.

R. McPeters, J. Berkbigler, W. Hanneman and G. Dooley. Department of
Environmental and Radiological Health Sciences, Colorado State University, Fort
Collins, CO. Sponsor: M. Legare.
A method was developed using a liquid chromatography-tandem mass spectrometry (LC/MS/MS) for the quantification and confirmation of 8 drugs of abuse (cocaine, codeine, MDMA, methadone, methamphetamine, morphine, nicotine, and
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oxycodone) and their metabolites (acetylmorphine, cotinine, EDDP, amphetamine
and benzoylecgonine) in municipal wastewaters. Samples were collected daily and
drugs were extracted from the wastewater with solid phase extraction using Waters
Oasis MCX cartridges. Ultra-high-pressure liquid chromatography (UPLC) and
positive electrospray ionization was used along with dynamic multiple reaction
monitoring (MRM) tandem mass spectrometry for identification and quantitation.
The extraction method was validated with matrix matched spiked samples at the
limits of quantitation (0.5 ng/mL to 30 ng/mL) for each analyte with recoveries
ranging from 71%-115%. Deuterated internal standards for each analyte were used
to correct for errors that may have resulted from matrix effects, ion suppression, or
sample preparation. The validated method was applied to municipal wastewater
samples collected from a point source effluent into Fossil Creek, Fort Collins, CO.
Eight of thirteen drugs being measured were found on a daily basis with the maximum being 2.15 ng/mL of morphine. Samples showed various spikes in drug concentration at 7 day intervals that corresponded with weekends.
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ASSOCIATION BETWEEN PON1 GENOTYPE AND
PHENOTYPE AND BLOOD CHOLINESTERASE
ACTIVITIES IN FARMWORKERS.

Z. Guerrette1, E. G. Moreira1, 2, W. C. Griffith1, G. D. Coronado3, B.
Thompson3, E. M. Vigoren1, X. Yu1, R. J. Richter4, C. E. Furlong4 and E. M.
Faustman1. 1Environmental & Occupational Health Sciences, University of
Washington, Seattle, WA, 2State University of Londrina, Londrina, PR, Brazil, 3Fred
Hutchinson Cancer Research Center, Seattle, WA and 4Medicine, University of
Washington, Seattle, WA.
Paraoxonase-1 (PON1) is capable of hydrolyzing the oxons of organophosphate
pesticides (OP). PON1 genotype and phenotype have been proposed as markers of
susceptibility for OP-induced health effects including cholinesterase (ChE) inhibition. In 2005-2006, we conducted a longitudinal study involving farmworkers and
non-farmworkers in the Yakima Valley, WA, and evaluated the potential for OP exposure in farmworkers. Farmworkers had significantly higher levels of azinphos
methyl (AZM) in blood than non-farmworkers, and ChE inhibition was significantly related to amounts of AZM and urinary dimethyl metabolites in a dose-dependent manner. We tested whether PON1 192 genotype or PON1 phenotype, as
represented by arylesterase (AREase) activity, modified the relationship between
ChE inhibition and exposure biomarkers. Linear regression analyses of 109 individuals showed no differences in acetylcholinesterase (AChE) inhibition by PON1
genotype or phenotype. PON1 genotype did not affect butyrylcholinesterase
(BuChE) inhibition, but differences in the slope of BuChE inhibition based on levels of AZM, total dimethyls, or dimethyl thiophosphate were observed with
AREase activity. Post-hoc analysis showed that the slope of inhibition/unit exposure
metric for the low AREase activity group (< 91 Units/ml) was significantly lower
than for the middle activity group (91-112 U/ml), while the high activity group
(>112 U/ml) was not different from the other two. The lack of an effect by PON1
genotype and dose-response relationship for PON1 phenotype suggests that PON1
status does not modify the level of ChE inhibition after exposure to AZM, and confirms the in vivo predictions of the relationship between PON1 and AZM.
Supported by grants T32 ES007032 and 2-P01-ES009601 from NIEHS and RD8370901 and STAR RD-83273301 from EPA.
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PROBABILISTIC EXPOSURE ASSESSMENT OF
DIOXINS VIA BEEF, PORK, CHICKEN MEAT, AND
MILK IN KOREAN POPULATION.

S. Park, P. Young-Il, H. Shin, J. Kang, D. Kim, M. Kim, S. Son and H. Kang.
Toxicology and Residue Chemistry Division, Animal, Plant and Fisheries Quarantine
and Inspection Agency, Anyang, Republic of Korea. Sponsor: S. Jeong.
Introduction: More than 90% of human exposure to dioxin derives from food of
animal origin1. Many studies have been focused on the exposure assessment of
dioxin via food1. But, to our knowledge, few studies on probabilistic dioxin exposure assessment have been conducted until now, while there were several studies on
distribution of dioxins in food. Quantitative exposure assessment is a useful technique to investigate the risk from contaminants via food intake2. The present study
was carried out to develop a probabilistic exposure model to dioxins (PCDD/Fs) of
meat and milk and to assess the exposure to Korean population. Materials and
Methods: We used probabilistic model to assess exposure to dioxins. As model inputs, dioxin concentration, meat and milk consumption and Koreans’ body weight
data were used. The monitoring data by NVRQS3 on the dioxin contamination in
meat and milk between 2006 and 2008 were used. And food consumption and
body weight data were obtained from KNHANES IV4. The probabilistic exposure
modeling was conducted using Monte Carlo simulation techniques with Crystal
Ball software. For the exposure assessment, Koreans daily dioxin exposure was estimated based on their ages. Sensitivity test of model outputs was done to assess the
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uncertainty of the exposure assessment. Results: The simulated model estimated
mean exposure for dioxins in the range of 0.02 ~ 0.43 pg WHO-TEQ kg bw-1 per
day based on the age groups of Koreans. The sum of sensitivity value of milk contamination and consumption were over half (72.4~97.6%) in the all age groups.
Conclusions: This study showed that the mean exposure to dioxins from consumption of meat and milk is below the Korean provisional maximum tolerable daily intake of 1-4 pg WHO-TEQ kg bw-1 per day recommended WHO. There are uncertainties in model outputs due to variations in contamination and consumption
of milk rather than meat. This result will provide the useful information for further
risk assessment and dioxin surveys in the future.

1475

PBPK MODELS IN ACUTE CHEMICAL INCIDENTS.

Boerleider1,

R.
C. C. Hunault1, J. J. Kliest2, M. Meijer3 and J. Meulenbelt1.
1National Poisons Information Centre, University Medical Center Utrecht, Utrecht,
Netherlands, 2Environmental Incident Service, National Institute for Public Health
and the Environment, Bilthoven, Netherlands and 3Environmental Calamity Service
Rijnmond, Rotterdam, Netherlands. Sponsor: H. Clewell.
Rationale: Determining the risks of exposure to hazardous chemicals for humans in
emergency situations is not straightforward. Use of physiologically based pharmacokinetic models (PBPK) could be of interest to better characterize risks. However,
numerous chemicals can be involved in such incidents. In this study, we therefore
evaluated available data on incidents with hazardous chemicals in the Netherlands
in order to determine which compounds and which types of incidents are the most
often observed. For these particular chemicals, we will consider the implementation
of PBPK models.
Methods: We reviewed reports of acute intoxications with chemicals from 20082010 from the Environmental Incident Service of the National Institute for Public
Health and Environment (MOD) and the Environmental Calamity Service
Rijnmond (DCMR) in the Netherlands. Cases of Dutch incidents were compiled
in a database that contains sections including incident location, its putative cause,
and the measured compounds.
Results: In 2008-2010, 521 reports were available but only 2008 reports have been
evaluated so far. In 2008, 212 incidents occurred. Region Rotterdam-Rijnmond
ranked in first place (> 80% of the incidents). The two most common types of incidents were spills (N=87, 41%) & fires (N=84, 40%). Concerning the involved
compounds, the results are as follow: ‘missing’ in 26% (often the compounds are
not systematically measured in case of fires); benzene derivatives or dioxins in 11%
(N=24); gasses in 8.7% (N=20 e.g. CO, H2, H2S); acids in 6.1% (N=14) & metals in 3.9% (N=9) of the incidents.
Conclusion: This study will be of use for clinical toxicologists to chemical disaster
planning and preparedness in the future. In particular, it will help selecting chemicals for which a PBPK model might be useful in acute situation of chemical incidents. The results are also of interest for other highly industrialised regions in the
world.
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SIMULTANEOUS DETERMINATION OF BISPHENOL A,
2.4-DIBROMOPHENOL, 2.4.6-TRIBROMOPHENOL
AND TETRABROMOBISPHENOL A IN HUMAN SERUM
SAMPLES BY LC-MS/MS.

S. E. Petropoulou, J. Park, T. Guo, W. Guo and M. Petreas. Department of Toxics
Substances Control, California EPA, Berkeley, CA. Sponsor: N. Holland.
Brominated flame retardants andprecisely polybrominated phenols (PBPs) in commercial products have raised a lot of concerns. PBPs are used as reactive or additive
compounds in polymers such as epoxy and polycarbonated resins, fibers, textiles
and other materials. Bromophenols are also being added to fish to enhance the natural marine flavor. Bisphenol-A (BPA) and Tetrabromobisphenol-A (TBBPA) have
been identified as endocrine disruptors and immunotoxicants (strong competitors
of thyroxin binding to human transthyretin and altering thyroid functions). BPA is
also reported as obesogen, causing advanced puberty and increasing body weight in
female mice offsprings. Knowledge of toxicity of phenolic flame retardants is still
limited, making an advanced chromatographic techniques necessary to investigate
them further.
In the present work we report a new LC-MS/MS method using isotopic dilution
for the determination of PBPs in human serum. BPA is present in serum in its free
type, like other xenoestrogens, as well as associated with serum binding proteins
(such as albumin) like other steroids, while it has also been found in the glucuronide form that appears to bioaccumulate. For these reasons, two approaches
were followed for the validation of this method, in order to provide information for
both free and total (conjugated and free) amounts of BPA and the other compounds. Samples were processed using formic acid with and without enzymatic deconjugation of the glucuronides followed by an off-line solid phase extraction procedure. The recoveries for all the compounds were from 80-112% with standard
deviation less than 5%. The LODs are 0.1 ng/mL for BPA and 2.4-DBP and 0.01

ng/mL for TBBPA and 2.4.6-TBP in 100uL serum. The calibration curves are linear, while the accuracy, precision, stability and reproducibility of both approaches
confirm that this method can be used as required for biomonitoring purposes and
other studies.

1477

EVALUATING THE PLAUSIBILITY ESTROGEN
RECEPTORS AS MEDIATORS OF BPA TOXICITY IN
THE CONTEXT OF HUMAN SERUM
CONCENTRATIONS OF UNCONJUGATED BPA.

J. G. Teeguarden. Biological Sciences, Pacific Northwest National Laboratory,
Richland, WA.
Bisphenol A (BPA) is a monomer used in the manufacture of polycarbonate plastics
and epoxy can liners found in trace quantities in some consumer products and
foods. The binding of unconjugated BPA with steroid hormones is hypothesized to
mediate subsequent developmental and reproductive toxicity. Receptor binding is a
plausible mechanistic step in humans only if serum concentrations of the bioactive
(unconjugated) form of BPA are near the disassociation constants for estrogen receptors. Human exposure to BPA is widespread, but efficient first pass glucuronidation limits the bioactive fraction of BPA to ~0.1 % of total BPA. Here we
derive estimates of BPA serum concentrations from more than 30 human urine biomonitoring studies and external exposure estimates, representing greater than
12000 individuals across 9 countries, including adults, children, and pregnant and
non-pregnant women, by applying the ratio of blood to urine concentrations of
total BPA and the fraction of total serum BPA in the unconjugated form. Serum
concentrations are also calculated directly from estimates of human oral exposure
and the relationship between dose and peak serum concentration, and separately
from PBPK modeling. The three methods converge in a range of plausible human
serum concentrations of bioactive, unconjugated BPA. These concentrations are
multiple orders of magnitude below existing analytical detection limits, indicating
that unconjugated BPA should rarely be observed in the serum of adult humans or
children at current exposure levels. Further, the mean or median concentrations of
bioactive BPA are multiple orders of magnitude below the disassociation constants
for all estrogen receptors considered candidates for mediating the toxicity of BPA.
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INFANT RISK AND EXPOSURE ASSESSMENT OF
BISPHENOL A IN POLYCARBONATE AND BPA-FREE
PLASTIC BOTTLES.

M. Peterson1 and J. Goodman2. 1Gradient, Seattle, WA and 2Gradient, Cambridge,
MA.
Bisphenol A (BPA) is a nearly ubiquitous chemical in the environment, present at
very low levels in many materials, including polycarbonate and possibly some BPAfree plastics (i.e., not manufactured with BPA). Previous risk assessments have evaluated infant exposures to BPA from polycarbonate baby bottles, but we are not
aware of any that have evaluated potential BPA exposures to infants from non-polycarbonate plastic baby bottles. In order to evaluate the risks to infants posed by BPA
in materials made with and without BPA, we conducted an exposure and risk assessment. Infant exposures to BPA in plastics were estimated using formula concentration and bottle migration data in the literature and three different exposure scenarios (breast milk, BPA-free, and polycarbonate). The calculated exposures were
compared to toxicity criteria values developed by public health agencies in the
United States, other counties, and Europe. For each of the three scenarios, the exposures calculated did not exceed the toxicity criteria values, and in some cases they
were orders of magnitude lower. Although exposures calculated in the breast milk
category were the lowest overall, all scenarios resulted in exposures that were below
the toxicity criteria guideline values. Overall, the evidence does not support a reduction of risks from using BPA-free products.

1479

POTENTIAL RISKS OF HUMAN TRANSFER OF
TOPICAL BIOACTIVE DRUG PRODUCTS.

X. Hui and H. I. Maibach. Dermatology, University of California San Francisco,
San Francisco, CA.
In 1993, FDA warned that not all OTC topically applied hormone-containing
drug products for human use are generally recognized as safe and effective, and are
often misbranded.

Our researches observed that any residual topical bioactive chemical residing on the
open skin surface can be transferred by skin contact to non-dosed skin areas in the
same person or to another individual. An in vivo human study showed that average
4% of radioactive estradiol was transferred to recipient volunteers through skin
contact/rubbing with dosed volunteers one hour post topical application. An in
vitro human skin study observed the results of surface washing 15 min post topical
application. The skin of one group was first exposed to a commercial shampoo containing estradiol and then washed with a washing solution. The contaminated
washing solution was then applied to the skin of another group that had not been
dosed. Both groups showed the same extent of topical estradiol absorption and penetration. Taken together, these in vivo and in vitro models should improve quantification of chemical/drug skin to skin transfer and enhance risk assessment quality.
This may be particularly important for substances which may produce unintended
effects.

1480

LOW BIOAVAILABILITY OF MONOCLONAL
ANTIBODY DRUGS BY INHALATION AND
IMPLICATIONS FOR OCCUPATIONAL HEALTH RISK
ASSESSMENT.

D. Van der Sluis1 and S. Kim2. 1Solstice Neurosciences, a wholly-owned subsidiary of
US WorldMeds, South San Francisco, CA and 2ToxiSan, Fairfield, CA.
The use of monoclonal antibody drugs for the treatment of transplant rejection,
cardiovascular disease, cancer, viral infection, inflammatory disease, and other treatments has significantly improved the survival and/or quality of life for millions of
patients. These monoclonal antibody drugs target specific sites, typically proteins
involved in disease pathways, in the human body. Although Serious Adverse Events
(SAEs) have been noted in patients administered these biotherapeutics by subcutaneous or intravenous injection, because of the delivery route and dose requirements
they are highly unlikely to pose a risk to workers who are involved in R&D, manufacturing, and health care. In order to have a better understanding of the potential
exposure and risk of High Molecular Weight Protein (HMWP) therapeutics in the
workplace, we have evaluated the bioavailability of various monoclonal antibody
drugs from the literature or in-house toxicological databases, together with other
physical characteristics of drug particles. HMWP therapeutics have an average molecular weight of 150,000 daltons, and show low bioavailability by inhalation at 4
to 15%. The average bioavailability of monoclonal antibody drugs by the subcutaneous route was reported to be 37- 62%. The low bioavailability of HMWP therapeutics indicates that they are unlikely to access the lungs during passive inhalation,
and that the upper airways of the lungs are not particularly permeable to them.
Available data suggests that systemic absorption of monoclonal antibody therapeutics via inhalation exposure, as would possibly be the potential in healthcare and
other workplace settings, is extremely low and that a smaller bioavailability factor
may be considered for occupational exposure and risk assessment. (S.T. Kim:
Current Address - Life Technologies, Foster City, CA)
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DIETARY ACRYLAMIDE EXPOSURE, BIOMARKERS OF
INTERNAL DOSE, AND LYMPHOCYTE DNA STRAND
BREAKS IN CANADIAN TEENAGERS.

B. Brisson1, 2, P. Ayotte1, 2, L. Normandin1, <\s>Gaudreau1, J. Bienvenu1, T. R.
Fennell3, C. Blanchet1, D. Phaneuf1, C. Lapointe4, Y. Bonvalot4, M. Gagné1,
M. Courteau1, R. W. Snyder3 and M. Bouchard5. 1Institut National de Sante
Publique du Quebec, Quebec, QC, Canada, 2CHUQ Research Center and Laval
University, Quebec, QC, Canada, 3RTI International, Research Triangle Park, NC,
4Health Canada, Longueuil, QC, Canada and 5Department of Environmental and
Occupational Health, University of Montreal, Montreal, QC, Canada.
Acrylamide (AA) has been classified as a probable human carcinogen and can be
found in relatively high concentrations in carbohydrate-rich heat-treated foods
such as french fries and potato chips. We studied relations between dietary AA exposure (see abstract by Normandin et al.), urinary concentrations of AA and its
metabolites, AA-derived hemoglobin adducts and lymphocyte DNA strand breaks
in 196 teenagers (10 - 17 years old) recruited in Montreal. LC-MS/MS methods
were used to analyze morning urine samples for AA and metabolites, and globin
samples for AA derived adducts (AAVal and GAVal). DNA strand breaks were
measured in peripheral blood lymphocytes using the alkaline Comet assay. NACP,
NACP sulfoxide and GAMA-3 were detected in all urinary samples; geometric
mean (GM) concentrations were 31.2, 14.2 and 3.9 μmol/mol creat., respectively.
Significant correlations were observed between these metabolites and dietary acrylamide intake of adolescents during the two days prior to urine collection (rs = 0.42
- 0.49; p < 0.05). AA-derived hemoglobin adducts were detected in all participants,
in levels comparable to those determined in Americans of a similar age group (GM
of 45.4 and 45.6 pmol/g globin for AAVal and GAVal, respectively). Adduct levels
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were significantly correlated to the frequency of deep-fried french fries consumption during the month preceding blood collection (rs = 0.28 - 0.31; p < 0.05). In
multivariate models, french fries consumption frequency and second-hand smoke
were significant predictors of adduct levels (p < 0.05). Biomarkers of AA exposure
were not correlated to DNA strand breaks in peripheral lymphocytes.

1482

OCCURRENCE OF INSECTICIDE BIOMARKERS OF
MALATHION IN PRODUCE AND THEIR ABSORPTION
AND EXCRETION IN THE RAT.

L. Chen1, 2, T. Zhao1, J. Ross3, H. Vega1 and R. I. Krieger1. 1Personal Chemical
Exposure Program, Department of Entomology, University of California Riverside,
Riverside, CA, 2Pesticide Analysis and Toxicology Laboratory, College of Science,
China Agricultural University, Beijing, China and 3Gem Quality Risk, Inc.,
Carmichael, CA.
Malathion is an organophosphorus (OP) insecticide extensively used for agricultural pest control. Malathion diacid (MDA) and monoacid (MMA), dimethylphosphate (DMP), dimethylthiophosphate (DMTP) and dimethyldithiophosphate
(DMDTP) are important urine biomarkers of malathion and organophosphorous
insecticide exposure. However, these metabolites also are formed in produce. In
131 produce samples from the channels of trade, 127 contained more biomarkers
than malathion. Under field conditions in Santa Maria, CA, malathion, MMA and
MDA dissipated, while DMP, DMTP and DMDTP increased during a 20d study
period. Mole ratios of Biomarkers/(Malathion+Malaoxon) were always >1 and increased from Day 4 to Day 23. The absorption and excretion of preformed biomarkers by consumers would falsely indicate pesticide exposure. Therefore, their
disposition was studied in rats. Female Holtzman rats (240-300g) were gavaged
with malathion and MDA, MMA, DMP, DMTP and DMDTP at equal molar
doses (73μmol/kg). Urine and feces were collected every 24h for 8d. Methods were
developed and validated for biomarker analysis in urine. Recoveries ranged 75 to
104% at 0.01, 0.1 and 1 μg/mL. LOQs of MDA, MMA, DMP, DMTP and
DMDTP were 0.005, 0.01, 0.005, 0.002 and 0.002 μg/mL, respectively. MDA
(20 mg/kg) was recovered as 36±5% MDA, 0.05±0.02% DMP, 5±0.3% DMTP,
3.8±3% DMDTP (mole %), and 46±7% of administered dose in urine (>94% in
first 24h). DMTP (10.4 mg/kg) yielded 8±8% DMP, 47±17% DMTP, and
55±10% of administered dose in urine (>92% in 24h). Results were similar with
other biomarkers. Preformed biomarkers of organophosphorous insecticides in produce are readily absorbed and excreted. Low-level human dietary and non-occupational biomonitoring studies may be confounded by preformed biomarkers used to
infer human pesticide exposure. (Support of California Strawberry Commission is
acknowledged.)

1483

APPLICATION OF METHODS TO FACILITATE
ENVIRONMENTAL CONTAMINANT MONITORING BY
LOCAL RESIDENTS.

I. Shapiro1, R. Marqueda3, L. A. Wood2, D. Hensman1, V. Tamez3, G. Garza3,
J. del Bosque3 and D. Johnson1. 1University of California Berkeley, Berkeley, CA,
2Advisor, Berkeley, CA and 3Universidad Antonimo de Nuevo Lion, Monterrey,
Mexico.
Identifying and solving environmental contaminations at the local level involves a
series of complex issues; local resident support and participation, technology transfer, training, and documentation of progress. The goal of this research is to develop
a framework that can be applied to numerous contamination problems in several
countries. As a pilot program, two communities with similar contamination issues
from local steel industries but different local environments and social contexts were
utilized; West Berkeley, California (WBC) and Monterrey, Mexico (MM).
Experience in WBC identified specific technology and air sample collection procedures to be applied in MM, although the size and demographics of the local population in the critical zone of high exposure were quite different. Both wind and
other weather conditions had to be predicted in a differential manner as these parameters directly affect the number and timing of collection filters to be used for
sample capture. At MM, the operation of the monitor and collection of air samples
were done by local community members under daily guidance and training, a critical component of eventual technology transfer. In addition, detailed questionnaires and video interviews with local residents provided documentation of the research team – local resident relationship and potential associated health issues.
Standard PM10 and XRF methods were used for contamination level quantification. This study demonstrates how each community has different sets of issues that
require detailed knowledge and participation of community members. Guidance of
a few specialists can overcome these constraints using the same or similar air monitoring procedures documented from other sites. It was found that cinematography
was essential to document weather conditions, credibility of sampling and training
procedures, and chain-of-custody of collected samples. Cinematography also provides a valuable tool that can be used in preliminary discussions with other communities.
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OBSERVATIONAL EXPOSURE MONITORING OF
CYPHENOTHRIN IN ADULTS AND CHILDREN
FOLLOWING SPOT-ON DOG APPLICATION: DESIGN
CRITERIA AND SUMMARY RESULTS.

J. H. Driver1, J. H. Ross2, L. Holden3, S. Selim4, D. Carlson5 and L. Nouvel6.
1risksciences.net LLC, Manassas, VA, 2risksciences.net LLC, Sacramento, CA,
3Sielken & Associates Inc., Bryan, TX, 4Selim & Associates Inc., Fresno, CA,
5McLaughlin Gormley King Company, Minneapolis, MN and 6Nouvel Inc., Plano,
TX.
The US EPA is required to characterize potential human health risks for pesticides,
including a variety of residential exposure scenarios. The risk assessments are based
on GLP toxicology data for purposes of hazard identification, but exposure estimation often relies on “professional judgment.” We report here the first GLP-conducted, IRB-approved observational exposure monitoring study for a spot-on flea
insecticide product for dogs. Children age 3-6 and adult applicators living in the
same household provided 10-day morning void urine samples (3 pre and 7 post)
which were analyzed using HPLC MS/MS for 3-phenoxybenzoic acid (3-PBA) as
an indicator of exposure to cyphenothrin. This study was designed to satisfy accuracy criteria of 3-fold (at 95th %tiles) and required participation of a minimum of
32 households. Ethical, logistical, study design and analytical methods and results
are summarized. This study provided valuable experience and data including how
to satisfy EPA’s current requirements for children’s observational exposure monitoring studies and the application of these data to quantify conservative bias incorporated into predictive exposure estimation methods. Pre and post application 3-PBA
samples indicated that exposures typically peaked within 1-3 days post dosing of
the family dog and that exposure distributions are associated with reasonable certainty of no harm in comparison to appropriate toxicological benchmarks. 3-PBA
levels from participants in this study fell within the range reported by the Centers
for Disease Control in its most recent national report. Data interpretation, including pharmacokinetics and metabolite depuration are also discussed.

1485

DEHP EXPOSURE ASSESSMENT.

Sarigiannis1, 2

and S. P. Karakitsios2. 1Chemical Engineering, Aristotle
D. A.
University of Thessaloniki, Thessaloniki, Greece and 2Chemical Process Engineering
Research Institute, Centre for Research and Technology Hellas, Thermi, Greece.
The study describes a mechanistic approach for assessing dynamically in time-dependent source-to-dose exposure to DEHP. The overall modelling framework was
built on the AcslXtreme simulation environment, comprising: Multimedia indoor
air quality models for estimating DEHP concentrations in gas, particles and dust
phase starting from gaseous emissions; exposure assessment models incorporating
all possible exposure pathways and routes (inhalation of DEHP, dermal exposure
through rubbing of dust, non-dietary oral exposure through dust ingestion and object to mouth behavior of plastics containing DEHP). Internal dosimetry models,
for the assessment of DEHP and its 3 major metabolites (MEHP, 5-OH MEHP
and 5oxo-MEHP) in human tissues and urine through a multi-compartmental
PBPK model. Uncertainty and variability quantification across all stages of the assessment. Under a typical scenario of a common residential dwelling (size of 90 m2
and air exchange rate 0.5) characterized by DEHP gaseous emissions of 200 μg/h
(from vinyl flooring and other plastic equipment), the concentrations of DEHP in
the gaseous, particles and dust phase are equal to 1.5 μg/m3, 21 μg/m3 and 4400
μg/g dust. For these media concentrations, overall daily intake varies between 0.2
to 10 μg/kg-bw depending on the exposure scenarios considered. These values are
age dependent: adults are exposed mostly through inhalation and infants mostly
through non-dietary oral intake. For a common repeated aggregate exposure scenario of 2 μg/kg-bw, the DEHP internal dose in venous blood and adipose tissue
(where bioaccumulation is clearly observed) reaches a quasi-state equilibrium at
0.07 and 0.4 μg/L. The expected urinary concentrations of MEHP, 5-OH MEHP
and 5oxo-MEHP are 3.1, 6 and 4 μg/g cr respectively, allowing also the use of
Biomonitoring Equivalents for Risk Characterization.

1486

EXPLORING PHTHALATE BIOMONITORING DATA
WITHIN THE 2007–2008 NATIONAL HEALTH AND
NUTRITION EXAMINATION SURVEY (NHANES)
DATASET FOR COEXPOSURE PATTERNS.

H. Qian, M. Chen, R. T. Zaleski and K. M. Kransler. ExxonMobil Biomedical
Sciences, Inc., Annandale, NJ.
As regulatory initiatives increasingly call for understanding cumulative risks from
chemical mixtures, it is imperative that exposure data from large biomonitoring
programs which may inform these assessments be evaluated to better understand
occurrence and patterns of coexposures. We analyzed the urinary metabolite data
for 6 phthalates (butyl-benzyl phthalate, BBP; di-butyl phthalate, DBP; di-isobutyl

phthalate, DiBP; bis(2—ethylhexyl) phthalate, DEHP; di-isononyl phthalate,
DINP; and di-isodecyl phthalate, DIDP) in the 2007/2008 NHANES dataset. To
explore the distribution of coexposures, urinary metabolite concentrations of the 6
phthalates were converted to their daily intake values and exposure distributions
were developed for each individual phthalate (daily intake was converted to its percentile value). For the total dataset (N=2507), the co-occurrence of multiple phthalates at the upper percentile of exposure was infrequent. There are no cases where all
phthalates examined had exposure values > 95th percentiles of individual exposure
distributions. In 4 cases (0.16%), 5 phthalates fell above the 95th percentiles. In 5
cases (0.2%), 4 phthalates fell above the 95th percentile. For 78% of individuals,
none of the six phthalates were above the 95th percentile of their respective exposure distributions. A cumulative distribution of the averaged exposure percentiles
across 6 phthalates was developed to explore what percentile, on average, of the individual phthalate exposure distributions would provide a summed coexposure estimate related to various percentiles of the summed exposure distribution for the
NHANES data set. Results indicate that 95% of individuals have total exposures
that fall below an averaged percentile of 80. The coexposure patterns observed
above, however, were based on an un-weighted survey data. Caution must be taken
when applying these findings generally to the US population.
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OCCUPATIONAL EXPOSURE TO MERCURY IN AN OIL
AND GAS PLATFORM: CONFOUNDING EFFECTS OF
SEAFOOD INTAKE IN BIOMONITORING OF BLOOD.

S. Inayat-Hussain1 and M. Mohd Shaffi2. 1Faculty of Health Sciences, Universiti
Kebangsaan Malaysia, Kuala Lumpur, Federal Territory, Malaysia and 2MIOSH,
Kuala Terengganu, Terengganu, Malaysia.
The toxicological health risk assessment of mercury (Hg) was conducted on an oil
and gas personnel and contractors who were involved in 13 major and minor shutdowns at 3 platforms. The methodology for quantitative risk assessment was carried
out according to the WHO Human Health Risk Assessment Tool Kit. All databases
related to Hg activities between 2006-2010 were utilized for analysis of potential
sources of exposure (air, water and food). Furthermore, the levels of Hg in condensate, crude oil, food from the galley and in personnel’s blood and urine were investigated. The species of Hg present in the condensate and crude oil was primarily elemental but organic Hg was predominantly found to be present in fish at the galley.
Hg was not detected in the water and this route of exposure is not significant for
the purpose of risk assessment. Preshift and postshift blood data from 2671 and
2502 personnel respectively were analyzed for Hg potential exposure. From the
preshift total blood Hg, only 78 (2.9%) personnel had Hg level exceeding the
Biological Exposure Index (BEI). In the postshift blood Hg analysis, 94 (3.8%) personnel showed blood Hg above BEI. Following a review of the investigation report,
ambient and personnel air monitoring data and blood speciation results, only 13
(0.52%) personnel were confirmed to experience occupational exposure to Hg. In
contrast, the remaining 81 (3.2%) personnel had Hg exceeding BEI most probably
due to ingestion of Hg from the seafood. Health risk assessment calculation indicates that those personnel categorized as high fish intake group are at risk of exceeding the acceptable daily intake of Hg. Taken together, the results of this risk assessment and the nature of exposure to elemental and inorganic Hg in crude oil and
condensate, urine Hg corrected to creatinine level is a better occupational exposure
biomarker for the company’s personnel since total blood Hg may also reflect exposure from dietary intake.
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ALTERNATIVE METHODS FOR THE PREDICTION OF
BIOAVAILABILITY OF ARSENIC IN MINING SOILS.

V. L. Mitchell1, C. N. Alpers2, N. T. Basta3, S. W. Casteel4, A. L. Foster5, C. S.
Kim6, L. Naught4 and P. A. Myers1. 1Toxic Substances Control, Cal EPA,
Sacramento, CA, 2US Geological Survey, Sacramento, CA, 3Ohio State University,
Columbus, OH, 4University of Missouri, Columbia, MO, 5US Geological Survey,
Menlo Park, CA and 6Chapman University, Orange, CA.
The current gold standard for evaluation of bioavailability of arsenic (As) in soils is
the juvenile swine in vivo method, which is approved by USEPA for use in human
health risk assessments (HHRA). Typical HHRAs utilize default oral toxicity values
based on ingestion of readily soluble forms of As such as sodium arsenate (NaAs).
However, mining soils in California are relatively high in iron hydroxide phases
which bind As strongly, resulting in reduced solubility. The in vivo method compares the absorption of As in soils to NaAs. Absorption is quantified by measuring
As excreted in urine opver 48 hours. This data is plotted into a dose response curve
and the ratio of the slope of the line between the two substances yields a value that
represents the relative bioavailability (RBA) of the test sample to NaAs. This value
can then be used to adjust the toxicity criteria utilized in HHRA’s. The aim of the
current study is to develop in vitro methods coupled with mineralogical characteristics to accurately predict in vivo RBA results. A total of 24 mine affected soil samples were collected in California to assist in the development of these methods. Soils
were homogenized and screened down to less than 250 μm fractions and distrib-

uted to the investigative team for various analyses. Six of these 24 samples were
identified as being of particular interest based on various criteria including total As
content (302-12,041 mg/kg), predicted in vitro bioaccessibility (IVBA) (1.59.3%), and mineralogical content. These 6 soils were then analyzed using the in
vivo method. RBA’s ranged from 3.8 to 19.6%. While the IVBA underestimated
RBA, the two values correlated relatively well with an r2 value of 0.82. Additional
bench top methods, including sequential chemical extractions and geochemical
analyses, are being developed to better predict RBA results.
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ESTIMATING AN EXPOSURE POINT
CONCENTRATION BASED ON LEAD
BIOAVAILABILITY OF PARTICLE SIZES
REPRESENTATIVE OF DERMAL ADHERENCE AND
SUBSEQUENT SEDIMENT INGESTION IN A
RECREATIONAL RISK ASSESSMENT.

M. Stifelman1, B. Thayer2, B. Brattin2, P. Wadman2, N. Ross2 and G.
Diamond2. 1USEPA, Seattle, WA and 2SRC, Syracuse, NY.
Typically, exposure to contaminated sediment in a human health risk assessment is
represented without regard to bioavailability or particle size. We used an in-vitro
assay to estimate lead bioavailability of sediment size fractions, which were selected
based on particle sizes that are likely to adhere to skin. For arsenic, a factor of 0.6
was applied as a protective estimate of relative bioavailability. Studies have demonstrated that, under dry conditions, fine particles (<.125 mm) are more likely to adhere to skin than larger particles. Conversely, the size of adhered particles increases
with moisture content. At each of 33 locations, we collected 5 surface sediment
samples, each consisting of 12 homogenized subsamples. All samples were analyzed
for metals in the < 2 mm size fraction; one sample per beach was also analyzed for
metals in each of the following grain size intervals: 2-.25 mm, .25-.125 mm, .125.063 mm, and < .063 mm. The percent mass within each of these four grain size intervals was also determined. One sample per beach also included an in-vitro bioaccessibility measure for lead and metals analyses in each of the 4 size ranges. The
exposure point concentration (EPC) was estimated as a mass-weighted average by
assuming the differences between enrichment ratios for each particle range relative
to the < 2 mm size fraction do not change for a given beach and metal. A dry EPC
was based on particles < .125 mm. A wet EPC was based on particles < 0.25 mm.
Risks were driven by lead and arsenic, with concentrations in the dry EPC consistently elevated as much as twice as high as the wet EPC. Uncertainties are associated with using adherence as a proxy for ingestion although more direct measures of
ingested particle sizes are lacking. Although concentrations of lead and arsenic are
lower in the wet EPC, the concentration reduction may be offset by increases in
mass of dermal loading with potential increases in ingestion rate.
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RISK OF FUMONISIN B1 TOXICITY IN PIGS: A
COMPARATIVE ANALYSIS OF BACILLUS
THURINGIENSIS (BT) CORN AND NON-BT CORN BY
USING QUANTITATIVE DIETARY EXPOSURE
ASSESSMENT MODELING.

J. E. Delgado and J. D. Wolt. Agronomy, Iowa State University, Ames, IA.
Acute fumonisin B1 (FB1) toxicity in swine is well established and managed in production facilities. However, the limited long-term exposure assessments of FB1
have resulted in recommended guidelines for animal and human dietary exposures
versus action levels. We investigated long-term exposure (27 weeks) in pigs by using
quantitative dietary exposure assessment modeling in an attempt to understand the
lifetime exposure. The swine production stages from utero, nursery, and in growerfinisher are considered. Our analytical approach involved both deterministic and
semi-stochastic modeling for dietary comparative analyses of FB1 exposures from
Bt-corn, conventional non-Bt corn and distiller’s dried grains with solubles
(DDGS) derived from Bt and/or non-Bt corn. A chronic toxicological incipient
level of concern (LOC) of 1.0 mg FB1/kg diet was determined from the literature,
which represented a decrease in average daily gain in nursery and grower-finisher
pigs. All nursery and grower-finisher diets exceeded the LOC to varying degrees depending on the feeding scenario. Nursery semi-stochastic results where the corn
fraction was entirely from Bt-corn showed the least FB1 exposure with a mean of
0.95 mg FB1/kg diet, whereas diets using non-Bt grain and DDGS sources demonstrated the highest exposures with a mean of 2.63 mg FB1/kg diet. Grower-finisher
semi-stochastic results predicted the lowest FB1 exposure for Bt grain with a mean
of 1.5 mg FB1/kg diet and the highest FB1 exposure for a diet consisting of non-Bt
grain and non-Bt DDGS with a mean of 5.08 mg FB1/kg diet. Deterministic results closely mirrored but slightly under predicted the mean for the semi-stochastic
analysis. Our novel comparative model reveals that diet scenarios where the source
of grain is derived from Bt corn presents less potential to induce FB1 toxicity than
diets containing non-Bt corn and DDGS. Assessment of the utero stage needs to be
further investigated to understand lifetime exposure.
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METAL BIOACCESSIBILITY IN THE TRADITIONAL
FOODS OF FIRST NATIONS PEOPLE IN CANADA.

B. D. Laird1, S. Lehal1 and L. Chan1, 2. 1University of Northern British Columbia,
Prince George, BC, Canada and 2University of Ottawa, Ottawa, ON, Canada.
Background: Traditional foods are important to the physical and cultural wellbeing of First Nations in Canada and abroad. Long-range and point-source contaminants can be detected in traditional foods hunted and harvested in the wild;
however, it is not yet known to what extent this exposure poses health risk.
Objective: The goal of this work is to measure the bioaccessibility of metal contaminants in traditional foods for the calculation of dietary exposure. Methodology: A
cross-sectional study titled the First Nations Food, Nutrition, and Environment
Study (FNFNES) recruited participants from 125 randomly selected households in
21 reserves in British Columbia, Canada. From these households, 1103 self-identifying First Nation adults returned a completed survey that included a Food
Frequency Questionnaire (FFQ). In addition, up to 30 composite traditional food
samples, with each sample coming from 5 individual plants or animals, was provided by each community for metal analysis by ICP-MS. Of these 431 samples, 45
(including sockeye and Chinook salmon, salmon eggs, clams, seaweed, rabbit meat,
moose meat, liver and kidney, deer meat and liver) were selected for bioaccessibility
tests. An in vitro model that simulates the physiochemical conditions of the human
gastrointestinal tract was used to extract the bioaccessible fraction of each food.
Extracts were then measured by ICP-MS. Results: In brief, bioaccessible Cd concentrations were highest for moose kidney (8.5 μg/g), moose liver (2.0 μg/g), rabbit meat (0.9 μg/g), and seaweed (0.8 μg/g). Bioaccessible As concentrations were
very high in seaweed (up to 26 μg/g) while bioaccessible lead was highest in moose
kidney (0.3 μg/g). Conclusions: In vitro models offer risk assessors a rapid and inexpensive tool to refine dietary exposure estimates since only a fraction of an ingested contaminant is likely to be absorbed into systemic circulation. Future work
will incorporate these results with speciation and food intake data for calculation of
dietary exposure.

1492

A VALIDATED METHOD FOR THE QUANTITATION OF
CHLORFENAPYR IN LIVER BY GC/ECD.

C. Wilson1, 2, K. Meyerholtz1, H. Solomon3 and S. Hooser1, 2. 1Indiana Animal
Disease Diagnostic Laboratory, Purdue University, West Lafayette, IN, 2Department
of Comparative Pathobiology, Purdue University, West Lafayette, IN and 3School of
Agriculture, Purdue University, West Lafayette, IN.
Chlorfenapyr is the first commercial pesticide derived from microbial-produced
halogenated pyrroles. It is a pro-insecticide, requiring bioactivation by CYP450 enzymes to a toxic metabolite that uncouples oxidative phosphorylation. Due to concerns regarding potential toxicity in non-target species and the fact that this insecticide is being used more prevalently, a GC/ECD method has been developed and
validated for the detection of chlorfenapyr in biological samples. This method
briefly involves the following: 1) samples are extracted in acetonitrile and NaCl
(10:1, v/w), 2) the acetonitrile extract is concentrated to 1 mL and subjected to
ENVI-Carb™-II/PSA solid-phase extraction, and 3) SPE eluates are evaporated to
dryness under nitrogen and reconstituted with 0.5 mL toluene for GC/ECD analysis. The GC/ECD conditions used included an injector port temperature of 220C,
column flow set to 1.0 mL/min, an initial column temperature of 100C with a
20C/min ramp to 300C, and the ECD temperature was set at 300C. Using this
procedure, chlorfenapyr has a retention time of 15.75 ± 0.02 minutes and calibrators range from 0 ppm to 0.75 ppm. This method has shown specificity for chlorfenapyr and results in a limit of detection of 10 ppb and a limit of quantitation of
25 ppb. Recoveries of fortified samples are within 80% - 120% acceptance criteria
at fortifications levels ranging from 25 ppb to 600 ppb. The sensitivity and simplicity of this method provides a fast and accurate means by which chlorfenapyr can be
quantitated in biological samples, particularly in cases of non-target species exposure or toxicity.
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A VALIDATED ASSAY FOR SEVEN COMMON
CARBAMATE PESTICIDES IN FEEDS, BAIT, AND
STOMACH CONTENTS USING QUECHERS AND GAS
CHROMATOGRAPHY/MASS SPECTROMETRY.

J. P. Buchweitz1, 2, A. Lehner2, M. Johnson2, A. Couch2 and W. K. Rumbeiha3, 2.
1Michigan Department of Agriculture and Rural Development, Lansing, MI, 2College
of Veterinary Medicine, Diagnostic Center for Population & Animal Health,
Michigan State University, East Lansing, MI and 3College of Veterinary Medicine,
Veterinary Diagnostic & Production Animal Medicine, Iowa State University, Ames,
IA.
Carbamate pesticides are systemic insecticides with agricultural, commercial, and
residential indoor (bait) and outdoor uses. Carbamates vary in their spectrum of activity, persistence in the environment, and toxicity. Their mode of action is similar
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to organophosphates in that they inhibit acetylcholinesterase (AchE), an enzyme responsible for breaking down acetylcholine, a neurotransmitter, at cholinergic nerve
endings in the central nervous system. Carbamate poisoning of mammals can occur
unintentionally through promiscuous eating behaviors of pets and livestock, or intentionally by illegal baiting of nuisance wildlife. Accordingly, the Michigan State
University Diagnostic Center for Population & Animal Health has developed and
validated a qualitative fast extraction QuEChERS method for seven common carbamate pesticides, including Aldicarb, Bendiocarb, Carbaryl, Carbofuran,
Methiocarb, Methomyl, and Propoxur, in bait, feed/food, and stomach contents.
Identification and confirmation of the seven carbamate compounds is by gas chromatography/mass spectrometry (GC/MS). The limits of detection for these compounds are 1 ppm for Aldicarb, 0.5 ppm for Bendiocarb, Carbaryl, Carbofuran,
Methiocarb, and Propoxur, and 10 ppm for Methomyl. Compared to the traditional liquid/liquid extraction and gel permeation chromatography clean-up, the
QuEChERS extraction procedure has many advantages including use of a smaller
sample size, enhanced lab safety, greater economy, and shorter turn-around-time.
Work is ongoing to extend the QuEChERS approach to quantitation of these compounds in feeds and tissues, matrices of particular relevance to veterinary diagnostic
laboratories.
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MEASUREMENT OF HYDROXY-PAHS IN URINE AND
ATMOSPHERIC PARTICULATE MATTER.

O. Motorykin1, J. Schrlau2 and S. Simonich1, 2. 1Department of Chemistry, Oregon
State University, Corvallis, OR and 2Department of Environmental Molecular and
Toxicology, Oregon State University, Corvallis, OR.
Humans are exposed to Polycyclic Aromatic Hydrocarbons (PAHs) through polluted air and diet. Broiled, smoked or grilled food contains higher amounts of
PAHs compare to uncooked or boiled food. In air, PAHs are emitted from incomplete combustion of fuels and are adsorbed on fine particulate matter, which can be
deposited in lungs, causing adverse health effects and cancer. When in the human
body, PAHs are metabolized to hydroxy-PAHs and excreted via urine. By comparing the parent PAH composition of PM and the hydroxy-PAH composition of
urine, the metabolic pathways of PAHs can be studied.
An analytical method was developed to measure 33 hydroxy-PAHs in urine and
PM using gas chromatography/mass spectrometry (GC/MS). Urine samples were
deglucuronized with β-glucuronidaze/aryl sulfoctase and solid phase extracted
(SPE) with Plexa stationary phase. PM was extracted from filters with the use of
Accelerated Solvent Extraction (ASE). The urine extracts and aliquots of PM extracts were mixed with an internal standard and derivitized with N-methyl-N-tertbuthyldimethylsilyl-trifluoroacetamide (MTBSTFA). The derivatized samples were
analyzed in electron impact ionization mode with GC/MS. Stable isotope labeled
surrogates were used to account for OH-PAH loss throughout the analytical
method.
Recovery experiments were conducted using Plexa SPE columns and elution with a
1:1 mixture of Dichloromethane:Ethylacetate. Most of the OH-PAHs recoveries
from urine ranged from 80 to 120%. Intra- and inter-day variability of the measurements was also investigated. The stability of the derivatized product was investigated as well. Results showed that the 33 OH-PAH formed stable products, over a
two week storage period. The stability of OH-PAHs in frozen urine was also studied. Results showed that many OH-PAH were stable in frozen urine for one week
period. However, the dihydroxynaphthalenes were not stable in frozen urine for
one week period.
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PULMONARY INHALATION OF ULTRAFINE TIO2 AND
CARDIOVASCULAR EFFECTS: A NEURONREGULATED PATHWAY.

H. Kan1, Z. Wu2, Y. Lin1, B. T. Chen1, J. L. Cumpston1, M. L. Kashon1, A. E.
Munson1 and V. Castranova1. 1HELD/PPRB, NIOSH, Morgantown, WV and
2Neurobiology and Anatomy, West Virginia University School of Medicine,
Morgantown, WV.
Inhalation of nano-sized air pollutant particles is a recognized risk factor for cardiovascular disease; however, the link between occupational nanoparticle exposure and
adverse cardiovascular events remains unclear. We reported previously that pulmonary exposure of rats to ultrafine titanium dioxide (UFTiO2) enhances substance P synthesis in nodose ganglia, which was associated with an increased phosphorylation level of cardiac proteins. In the present study, we further investigated
changes in cardiovascular function following pulmonary exposure to UFTiO2. Our
study indicates that pulmonary exposure of rats to UFTiO2 (6 mg/m3) for 4 hours
significantly increased heart rate and depressed diastolic function of the heart in response to isoproterenol. On the vascular side, pulmonary exposure to UFTiO2 elevated mean and diastolic blood pressure in response to norepinephrine.
Pretreatment of the rats ip with the transient receptor potential (TRP) channel

blocker, ruthenium red (2.5 mg/kg), not only inhibited substance P synthesis in
nodose ganglia and the increased phosphorylation level in cardiac proteins, but also
prevented the above cardiovascular changes induced by pulmonary exposure to
UFTiO2. Our results suggest that the effects of pulmonary exposure to UFTiO2
on the cardiovascular system are most likely influenced by a lung-nodose gangliaregulated pathway via the activation of TRP channels located on the endings of c
fiber sensory neurons in the lung. Activation of this neuronal pathway may contribute to an increased incidence of cardiovascular diseases associated with pulmonary inhalation of small-sized particle components from ambient air.
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CARDIOVASCULAR EFFECTS AFTER PULMONARY
EXPOSURE TO WELDING FUME.

H. Kan, J. M. Antonini, J. R. Roberts, R. Salmen, Y. Lin, M. L. Kashon and V.
Castranova. HELD/PPRB, NIOSH, Morgantown, WV.
Epidemiological studies have found positive associations between air pollution and
adverse cardiovascular outcome. Whether exposure to welding fumes cause similar
cardiovascular dysfunction remains unclear. The present study investigated the effects of manual metal arc-hard surfacing (MMA-HS) on the heart and the vascular
system. Rats were intratracheally instilled with MMA-HS (2 mg/rat, once a week)
or saline for seven weeks. On days 1 and 7 after the last treatment, rats were implanted with indwelling catheters and cardiovascular function in response to increasing levels of adrenoreceptor agonists was assessed. Pulmonary exposure to
MMA-HS decreased the basal level of left ventricular pressure and the positive
dp/dt of the heart at 1 day post-exposure. The negative dp/dt of the heart in response to isoproterenol decreased 7 days after exposure to MMA-HS. Exposure to
MMA-HS slightly reduced blood pressure in response to norepinephrine at 1 day
post-exposure, but this change was not statistically significant. In addition, pulmonary exposure to MMA-HS reduced the phosphorylation level of cardiac troponin I in the heart. This was consistent with the reduced heart muscle contractility indicated by decreases in left ventricular pressure, positive and negative dp/dt.
These findings suggest that the heart may be more prone to developing dysfunction
than the vascular system after exposure to welding fumes.
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A. P. Carll1, C. M. Perez2, A. K. Farraj3 and D. L. Costa4. 1School of Public
Health, University of North Carolina at Chapel Hill, Chapel Hill, NC, 2CURTOX,
University of North Carolina at Chapel Hill, Chapel Hill, NC, 3Environmental
Public Health Division, US EPA, Research Triangle Park, NC and 4ORD, US EPA,
Research Triangle Park, NC.
Epidemiological studies suggest that particulate matter (PM) air pollution is a
major trigger of acute cardiac events—including arrhythmia—especially in those
with preexisting cardiac disease. Diesel exhaust (DE) contributes the majority of
urban fine and ultrafine PM, and is thus likely a key trigger of acute cardiac events.
Research suggests that several interrelated mechanisms underlie the acute cardiotoxicity of PM, including autonomic nervous system imbalance. Abnormal
heart rate (HR) and HR variability (HRV) responses to treadmill challenge are indicative of autonomic dysfunction and predictive of cardiovascular mortality. We
hypothesized that a single intra-tracheal instillation (IT) of DE particles (DEP, 500
μg/kg) in hypertensive heart failure-prone rats would provoke abnormal HR and
HRV responses to treadmill. Rats were monitored by radiotelemetry during treadmill challenge at 24-h pre-IT and 3- and 24-h post-IT. Relative to saline-instilled
rats, DEP significantly decreased HR and low-to-high frequency ratio of HRV
(LF/HF) while increasing time domain HRV parameters (SDNN & RMSSD) during treadmill deceleration and recovery at 3 h post-IT, suggesting parasympathetic
dominance. Upon 24-h post-IT treadmill challenge, DEP significantly increased
HR while decreasing SDNN and RMSSD during acceleration, indicating sympathetic dominance relative to saline. During treadmill challenge, DEP did not affect
arrhythmia counts, peak HR, or HR recovery. The treadmill stress test is useful in
unmasking the latent cardiovascular effects of air pollutant exposure, which in this
study included autonomic imbalance characterized by early parasympathetic dominance followed one day later by an excess in sympathetic tone. Collectively, these
effects indicate increased risk for adverse cardiovascular events. (Abstract does not
reflect EPA policy; Supported by UNC/EPA CR83323601.)
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NI IN AMBIENT PM CAUSES MICROVASCULAR
DYSFUNCTION VIA NO AND NADPH PATHWAYS.

A. K. Cuevas, E. Liberda, C. Chiu, Q. Qu and L. Chen. Environmental
Medicine, New York University School of Medicine, Tuxedo, NY.
Exposure to PM2.5 (<2.5μm) has been associated with endothelial dysfunction in
humans and animal models. We have shown that systemic inflammation and atherosclerosis in residents of two China cities, Jinchang (JC) and Zhangye (ZH), were
linked to specific PM2.5 compositions. Despite similar PM2.5 concentrations, JC
had levels of nickel, selenium, copper, and arsenic that were 76, 25, 17, and 7 fold
higher than in ZH, respectively. The aim of this study was to use unique PM2.5
samples from these cities to identify the mechanism(s) that drive pulmonary and
systemic effects. Male FVBN mice received a single or repeated oropharyngeal aspiration of water or aqueous suspension of PM2.5 from JC, ZH or ZH spiked with
Ni (ZH+Ni) at the same concentrations found in the JC PM, followed by evaluation of pulmonary inflammation. Mesenteric arteries were isolated 24hr post exposure for gene activity or functional response ex vivo. To investigate Ni-induced
changes in NO and NADPH pathways, functional response was also assessed using
LNAME or Apocinin, respectively. Plasma cytokine and cardiovascular markers
were measured using a Mesoscale Discovery multiplex assay. Lung lavage revealed
significant pulmonary inflammation from the JC and ZH+Ni; p<0.001. No differences were seen in artery contractile function, however, there was significantly less
artery relaxation in JC and ZH+Ni; p<0.001. Percent relaxation was also altered
among groups after LNAME and Apocinin incubation. There was significantly
higher gene expression in JC and ZH+Ni (TNF-α, IL-6, Nos2; p<0.01 for all;
NOX4 p<0.05). Lastly, multiplex results showed significantly higher concentrations of VEGF and IL-10 in JC and ZH+Ni (p<0.01, p< 0.001; respectively).
These data suggest that changes in vascular responses can be driven by nickel found
in PM2.5. Both short and long-term exposures can induce an acute systemic inflammatory response, trigger endothelial damage via eNOS uncoupling and
NADPH oxidase pathways, and result in vascular dysfunction.

TREADMILL STRESS TEST AFTER DIESEL EXHAUST
PARTICULATE EXPOSURE REVEALS A TIMEDEPENDENT SHIFT FROM PARASYMPATHETIC TO
SYMPATHETIC DOMINANCE.

CHRONIC EXPOSURE TO DIESEL EXHAUST
PARTICULATE INDUCES VENTRICULAR
REMODELING AND DYSFUNCTION.

J. Bradley and J. D. Gardner. Louisiana State University Health Science Center, New
Orleans, LA. Sponsor: T. Dugass.
In the United States, approximately 60,000 deaths annually are attributed to particulate matter (PM). Chronic PM exposure increases the risk of cardiovascular disease in urban residents, predisposing them to the development of diseases including
heart failure. Diesel exhaust particulates (DEP) accounts for 90% of outdoor air
pollution. DEP is a heterogeneous mixture composed of inorganic compounds and
polyaromatic hydrocarbons (PAH). Chronic PAH exposure is associated with ventricular dilation and wall thinning. Although the mechanisms are unknown, we hypothesized that chronic exposure to DEP induces ventricular remodeling and dysfunction. Male Sprague-Dawley rats were exposed to nose-only nebulization of
DEP (SRM 2975, 0.23 mg/mL) or vehicle for 20 min/day x 5 weeks.
Echocardiographic measures of left ventricular (LV) end diastolic diameter and posterior wall diameter taken at baseline and weekly thereafter-demonstrated DEP induced chamber dilation and posterior wall thinning compared to vehicle. After 5
weeks, LV function using pressure volume catheter indicated systolic dysfunction in
these DEP animals. Morphological analysis using Picrosirius Red staining of LV
collagen revealed that DEP reduced cardiac interstitial collagen. AhR activation has
been linked to impaired extracellular collagen remodeling through suppression of
the hypoxic inducible factor (HIF)-1α pathway. Our studies showed DEP exposure
was associated with reduced expression of cardiac HIF-1α. Furthermore, these animals had reduced cardiac expression of VEGF and TGF-β; both mediated by HIF1α activation and stimulate collagen production. Attenuation of either VEGF or
TGF-β signaling is associated with chamber dilation, contractile dysfunction, and
impaired cardiac growth. Moreover, DEP animals exhibited greater cardiac AhR /
HIF-1α expression suggesting that blockade of these signaling molecules may be
due to the activation of the AhR pathway in the heart. Furthermore, activation of
the AhR in the heart may play a significant role in ventricular remodeling and dysfunction through the impairment of collagen turnover.

SOT 2012 ANNUAL MEETING

323

1500

DOSE-DEPENDENT INCREASES FOR THORACIC
AORTA PLAQUE DEVELOPMENT IN APOE-/- MICE
WITH CIGARETTE SMOKE INHALATION EXPOSURE.

G. M. Curtin1, J. E. Swauger1 and K. J. Nikula2. 1Regulatory Oversight, R.J.
Reynolds Tobacco Company, Winston Salem, NC and 2Seventh Wave Laboratories,
Chesterfield, MO.
ApoE-/- mice fed a high-fat diet and exposed to cigarette smoke were previously
shown to exhibit dose-related increases for thoracic aorta plaque incidence, highgrade plaque development and plaque volume. Subsequent validation studies were
intended to refine the smoke exposure regimen, apply additional qualitative/quantitative methodologies for tissue analysis, and demonstrate portability for the testing protocol/experimental model. Female ApoE-/- mice were fed a high-fat diet and
exposed to cigarette smoke (0, 0.12, 0.24, 0.36 mg WTPM/L; 3 hr/d, 5 d/wk; 1218 wks); select regions of the aorta (root sinus, arch, thoracic aorta, brachiocephalic
trunk) were submitted for virtual histology and histopathology. Quantitative assessments (virtual histology, entire regions) indicated dose-dependent increases for thoracic aorta plaque volume (0.14, 0.16, 0.59 and 1.05 mm3), plaque surface area
(4.23, 4.91, 12.67 and 18.87 mm2) and arterial occlusion (4.66, 5.81, 14.10 and
21.78 %) as smoke exposure concentration was increased; no meaningful differences between exposure groups were observed for the root sinus, arch or brachiocephalic regions. Findings were confirmed by histopathology (sampled areas), with
dose-related increases observed for thoracic aorta plaque incidence (41, 48, 63 and
78 %), high-grade plaque development (grade 3/4 plaques: 0.05, 0.28, 0.54 and
0.79) and plaque volume (9.63, 19.63, 53.98 and 99.04 X 10-3 mm3). For normal
chow-fed, cigarette smoke-exposed groups, no meaningful increases for thoracic
plaque formation were confirmed. These data show that cigarette smoke inhalation
exposure increases thoracic aorta plaque development in a manner suitable for comparative toxicology testing; that additional quantitative/qualitative methodologies
can enhance tissue analysis and extend experimental findings; and, that findings
based on the current testing protocol/experimental model can be replicated in a second laboratory (portability).
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Knuckles1,

AMBIENT MOUNTAIN TOP MINING PARTICULATE
MATTER ALTERS SYSTEMIC MICROVASCULAR
FUNCTION.
Stapleton1,

Minarchick1,

McCawley2,

Esch2,

T. L.
P.
V.
M.
L.
M.
Hendryx2 and T. Nurkiewicz1. 1Center for Cardiovascular and Respiratory Sciences,
West Virginia University, Morgantown, WV and 2Department of Community
Medicine, West Virginia University, Morgantown, WV.
Air pollution particulate matter (PM) has been associated with cardiovascular
health effects over a variety of geographical locales and concentrations. In the
Appalachian region, PM from local mining operations represents a considerable
health burden on the neighboring population. While the health effects are largely
known, the mechanisms that govern these toxic responses remain to be clarified.
Ambient PM was collected within 1 mile of an active mountain-top mining
(MTM) site in southern WV on PTFE filters (5.0 μm pore size) over six weeks. The
particles were extracted in water and then dehydrated. The extracted sample was
primarily PM10, and largely comprised of sulfur (38%) and silica (24%) by weight.
24-hours after rats were intratracheally instilled with 300 μg MTM, arterioles were
isolated from the mesenteric and coronary microcirculation. A subset of rats were
also prepared for intravital microscopy. MTM exposure blunted endothelium-dependent (EDD; max % dilation 53%±4 control, 28%±7 MTM) and –independent
(max % dilation 73%±7 control, 43%±11 MTM) arteriolar dilation in both
mesenteric and coronary arterioles. In vivo, arteriolar function was assessed via
EDD, perivascular nerve stimulation (PVNS) and active hyperemia (AH). MTM
exposure significantly blunted EDD (max diameter 49±3 μm control, 33±3 μm
MTM) as well as AH-mediated vasodilation (max % of control 157% ±3 control,
122%±15 MTM). α-adrenergic receptor blockade inhibited PVNS-induced vasoconstriction in exposed animals, while only blunting constriction in control tissues
(max % of control 22% ±4 control, -2%±8 MTM). This indicates an activation of
a compensatory vasodilatory pathway. Overall, these data suggest that MTM particle exposure alters normal microvascular function in disparate microvascular beds,
likely through quenching NO and sympathetic nerve mechanisms. NIH RO1ES015022, RC1-ES018274 (TRN), and NSF-1003907 (VCM)
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SUBCHRONIC EFFECTS OF CONCENTRATED
AMBIENT PARTICLES ON HEMODYNAMIC CHANGE
AND ORGAN DAMAGE IN ISOPROTERENOLINDUCED MYOCARDIAL INJURY RATS.

T. Cheng1, Y. Yan1, 2, C. Huang3, J. Wang4, C. Tung5, P. Chen1 and L. Chen6.
1Institute of Occupational Medicine and Industrial Hygiene, National Taiwan
University, Taipei, Taiwan, 2Department of Medical Research, Chia-Yi Christian
Hospital, Chiayi, Taiwan, 3Department of Emergency Medicine, National Taiwan
University Medical College and Hospital, Taipei, Taiwan, 4Department of Pathology,
Kaohsiung Veterans General Hospital, Kaohsiung, Taiwan, 5Department of Pathology,
Chia-Yi Christian Hospital, Chiayi, Taiwan and 6Department of Environmental
Medicine, New York University School of Medicine, New York, NY.
Epidemiologic studies have shown that ambient particulate matter (PM) is associated with health effects of respiratory diseases, cardiovascular diseases (CVDs) and
heart failure (HF). However, the mechanism is still unclear. The goal of this study
is to investigate the sub-chronic effects of concentrated ambient particles (CAPs) on
hemodynamic change and organ damage in rats with isoproterenol (ISO)-induced
myocardial injury. Male Sprague-Dawley (SD) rats received 150 mg/kg ISO by
subcutaneous injection to induce myocardial injury. Fine particle concentrator was
used for sub-chronic CAPs exposure (Whole body inhalation exposure, 5
hours/day, 4 days/week for 13 weeks). Compared to filter air (FA) inhalation controls, CAPs exposure group had significantly higher fibrinogen level (190.7 ± 15.0
vs 160.5 ± 24.2 mg/dL, p <.05). Heart rate variability and hemodynamic variables
measured by LabChart were altered after CAPs exposure. PM also caused inflammatory and degenerative changes in the heart, and enhanced glomerulosclerosis in
the kidneys, as detected by histopathology. Particulate air pollution may affect
blood coagulation, hemodynamic change, and organ damage in susceptible populations. Further studies are needed.

1503

PULMONARY EXPOSURE TO PARTICULATE MATTER
LEADS TO OXIDANT STRESS IN EXTRAPULMONARY
ARTERIOLES OF FEMALE RATS.

M. Boegehold and T. Nurkiewicz. Center for Cardiovascular and Respiratory
Sciences, West Virginia University, Morgantown, WV.
Cardiovascular complications triggered by exposure to airborne particulate matter
(PM) often involve microvascular dysfunction. In studies on male rats, we have established that acute pulmonary exposure to PM at occupationally-relevant concentrations reduces the capacity for endothelium-dependent dilation in arterioles outside of the lung, in part due to scavenging of nitric oxide by reactive oxygen species
(ROS). Because there can be profound gender differences in susceptibility to microvascular dysfunction in response to pathological stimuli, the aim of this study
was to assess the effect of pulmonary PM exposure on the oxidant status of extrapulmonary arterioles in females. Sexually mature female rats were exposed to TiO2
nanoparticles (primary particle diameter ~21 nm) via intratracheal instillation at a
deposition of 500 μg/rat. Twenty-four hours later, the spinotrapezius muscle was
excised, and after exposure to dihydroethidium, fluorescence microscopy was used
to detect ethidium bromide (EB) fluorescence, an indicator of ROS, in individual
arterioles. EB fluorescence intensity was greater in arterioles of PM-exposed rats
than in those of sham controls exposed to sterile saline (176±5 vs.160±3 grayscale
units, p <0.01). However, arteriolar EB fluorescence was not elevated (154±5 units)
if the muscles from PM-exposed rats were treated with the NAD(P)H oxidase inhibitor apocynin (10-4 M). In contrast, apocynin had no effect on arteriolar EB fluorescence in muscles from sham-exposed rats (159±4 units). There was no significant difference in arteriolar EB fluorescence between the PM-exposed and
sham-exposed groups in the presence of apocynin. These results indicate that as in
male rats, pulmonary PM exposure in female rats increases NAD(P)H oxidase-dependent ROS production in arterioles outside of the lung. Therefore, females are
not protected against the adverse effects of PM exposure on the systemic microcirculation.

1504

CARDIOMYOCYTE AUTOPHAGY IN SPRAGUE
DAWLEY RATS TREATED WITH IMATINIB, A
TYROSINE KINASE INHIBITOR, ASSESSED BY
IMMUNOHISTOCHEMISTRY.

J. Zhang, A. Knapton, K. Shea and E. H. Herman. Division of Drug Safety
Research, US FDA, Silver Spring, MD.
Imatinib (Imb)-induced cardiotoxicity in rats is characterized morphologically by
autophagy, apoptosis, and necrosis. It was suggested that cardiomyocyte autophagy
is implicated in the pathogenesis of Imb-induced cardiotoxicity (Herman, E. H., et
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al., Toxicol. Pathol, 2011). In the present study, male Sprague Dawley rats received
(1) daily oral doses of 50 or 100 mg/kg Imb or water for 14 days, (2) daily oral
doses of 50, 100, or 200 mg Imb for 24 days, and (3) daily oral doses of 125 mg/kg
Imb or water for 1, 2, 3, or 4 weeks. Panels of autophagic gene antibodies (a monoclonal antibody Beclin-1 and polyclonal antibodies LC3, ATG9A, and APG9-L2)
and a lysosome marker (lysosome associated membrane protein-2, LAMP-2) at
1:50-125 dilutions were used to determine expression of autophagic genes and
presence of lysosomes on cardiac tissue sections. Immunohistochemistry (IHC) for
these markers was performed using the Discovery XT Autostainer (Ventana
Medical System, Inc. Tucson, AZ) and the Ventana DAB MAP kit. IHC for these
antibodies was also performed manually using microwave irradiation in a pressure
cooker with antigen retrieval solution to verify specific reactivity of these markers.
Toluidine blue-stained 1-micron thick plastic sections were used to evaluate morphological changes of autophagic vacuoles. Microscopically, cardiomyocytes of
Imb-treated rats exhibited two types of cytoplasmic vacuoles. Early autophagic vacuoles were small in size and localized at the intercalated disk (ID), primarily in the
1 and 2 week treatment groups. Late autophagic vacuoles in the 3 and 4 week treatment groups appeared as dispersed, large-sized vacuoles in association with highly
condensed cytoplasm and autophagic cell death. IHC results showed that immunoreactivity of LC3, beclin-1, ATG9A, APG9-L2, and LAMP-2 was upregulated and localized in the ID and cytoplasm of cardiomyocytes in Imb-treated rats.
These findings indicate that Imb is capable of triggering autophagy, a degradation
process of cytoplamic cellular constituents.

1505

CARDIOTOXICITY IN MALE SPRAGUE DAWLEY RATS
TREATED DAILY FOR UP TO 4 WEEKS WITH
IMATINIB.

E. Herman1, A. Knapton1, E. Rosen1, J. Todd2, A. Lu2, J. Estis2, S. Lipshultz3
and J. Zhang1. 1US FDA, Silver Spring, MD, 2Singulex, Inc., Alameda, CA and
3University of Miami Miller School of Medicine, Miami, FL.
Imatinib (IMB) is an anti-cancer agent acting by inhibition of tyrosine kinase.
Cardiotoxicity has occurred with clinical use of IMB as an unexpected adverse effect. The characteristics of IMB-induced cardiac toxicity are not well defined. The
current study examined the effect of treatment period on the cardiotoxic effects of
IMB in Sprague Dawley rats (SD). Groups of male SD (5-6/group) were treated
with 125 mg/kg IMB daily for 1, 2, 3 or 4 weeks. Tissues and blood samples were
collected 24 hours after the last dosing. Serum levels of cardiac troponin I (cTnI)
were monitored with the Erenna immunoassay system. Body weight declined only
during week 1 of treatment. The red blood cell counts were significantly decreased
from control at treatment weeks 3 and 4. Cardiac lesions were observed in all animals treated for 1-4 weeks with IMB. The lesions were characterized by cytoplasmic
vacuolization, myofibrillar loss. and interstitial infiltration with inflammatory cells.
Other cardiac myocyte alterations included necrosis, apoptosis and autophagy.
Mean lesion scores (based on a scale of 0-3) were 1.5, 2.0, 1.7 and 1.4 after 1, 2, 3
or 4 weeks, respectively. Increased levels of cTnI were detected in all IMB-treated
groups (mean pg/ml at 1 wk=7.0, 2 wk=14.3, 3 wk=17.0 and 4 wk=19.9 compared
to 3.6-4.0 pg/ml for control groups). The results indicate that the SD rat is a sensitive animal model for detecting IMB-induced cardiac injury and that IMB can induce cardiac alterations following a treatment period as short as 7 days. In addition,
monitoring serum levels of cTnI appears to provide a sensitive means of detecting
IMB-induced cardiotoxicity.

1506

MECHANISTIC INVESTIGATION OF IMATINIBINDUCED CARDIAC TOXICITY AND THE
INVOLVEMENT OF c-ABL KINASE.

W. Hu1, S. Lu1, I. McAlpine2, D. Lee1, J. Jamieson1, L. Marroquin1, J.
Heyen1, D. Ramirez1, S. Jenkinson1 and B. Jessen1. 1Drug Safety R&D, Pfizer,
San Diego, CA and 2Medicinal Chemistry, Pfizer, San Diego, CA.
The small molecule Bcr-Abl tyrosine kinase inhibitor Imatinib mesylate is the
frontline therapy for chronic myeloid leukemia. Imatinib has been reported to
cause left ventricular contractile dysfunction in the clinic and cardiac myopathy in
preclinical studies, which has been proposed to be associated with its pharmacologic activity. In order to determine the role of Abl kinase in the reported cardiac
toxicity, we set out to investigate the mechanism(s) associated with imatinib-induced toxicity in vitro. Imatinib treatment at or above the clinical Cmax (5 uM) induced apoptosis, ER stress, and dissipation of mitochondrial membrane potential
in rat neonatal cardiomyocytes (NCMs), consistent with previous reports. Imatinib
was shown to accumulate in lysosomes. The cytotoxicity induced by Imatinib can
be rescued by bafilomycin A pretreatment, demonstrating the involvement of lysosomal accumulation in cardiac toxicity. Imatinib was also shown to perturb intracellular calcium homeostasis and decreased contractility in the isolated guinea pig
heart Langendorff assay. To investigate the specific role of c-Abl in Imatinib-in-

duced cardiac toxicity, we performed targeted gene inhibition of c-Abl by RNA interference in NCMs, which did not lead to cytotoxicity or induction of ER stress
markers. To further support our hypothesis, we designed Imatinib structural analogues that do not have appreciable c-Abl inhibition in NCMs. The c-Abl inactive
analogues induced cytotoxicity, ER stress, autophagy perturbation, and contractility changes at similar potencies and magnitudes as Imatinib, demonstrating that the
c-Abl target inhibition is not involved in Imatinib-induced cardiac toxicity. The results from our studies strongly suggest that imatinib induces cardiac dysfunction
through disruption of intracellular calcium homeostasis, induction of ER stress and
alteration of autophagy process, independent of c-Abl inhibition.

1507

CHRONIC DOXORUBICIN CARDIOTOXICITY
MODULATES EXPRESSION OF CYTOCHROME P450
AND SOLUBLE EPOXIDE HYDROXYLASE ACTIVITY IN
RATS.

A. M. Alsaad, B. N. Zordoky and A. O. El-Kadi. Pharmacy and Pharmaceutical
Sciences, University of Alberta, Edmonton, AB, Canada.
Doxorubicin (DOX, adriamycin) is an effective anticancer agent whose major limiting side effect is cardiotoxicity. Recently, we demonstrated that acute DOX toxicity altered expression of cytochrome P450 (CYP450) and arachidonic acid (AA)
metabolism with a significant increase in soluble epoxide hydrolase (sEH) activity,
which metabolizes the cardioprotective epoxyeicosatrienoic acids (EETs) to the less
active metabolite dihydroxyeicosatrienoic acids (DHETs). However, the clinical situation involves chronic administration of the drug where the cumulative dose is the
only currently used predictor of cardiotoxicity. Therefore, we investigate the effects
of chronic DOX cardiotoxicity on expression of CYP450 and AA metabolism in
male Sprague–Dawley rats. The chronic toxicity was induced by multiple intraperitoneal injections for a cumulative dose of 15 mg/kg divided into six injections
within two weeks. After 14 days of the last injection, the heart was harvested and
the expression of different genes was determined by real time-PCR. Also, microsomal protein was prepared and different AA metabolites are analyzed by LC-ESIMS. As a result, the chronic DOX toxicity significantly induced gene expression of
hypertrophic markers (ANP, β-MHC), apoptotic markers (Bax, p53), CYP450
(CYP2E1, CYP4A3, CYP4F1, CYP4F5), and sEH. Also, the activity of sEH was
increased by 50% with a minor but significant increase in the activity of epoxygenase enzymes. This caused a significant induction of 14,15-8,9 EETs with a massive
induction in formation of 14,15-11,12-8,9 DHETs. In conclusion, the chronic
DOX administration significantly modulates expression of CYP450 and sEH enzymes leading to imbalance between CYP-mediated cardiotoxic and cardioprotective pathways. Interestingly, sEH has a central role in DOX cardiotoxicity suggesting an innovative mechanism by which DOX causes progressive cardiotoxicity.
Therefore, sEH might be considered as a novel target in treatment of DOX cardiotoxicity. CIHR grant No. 106665

1508

COMPARISONS OF CARDIAC TROPONIN
BIOMARKER ASSAYS AFTER A SINGLE
ISOPROTERENOL DOSE IN MALE HAN WISTAR RATS.

P. I. Bentley1, C. Betts2, G. Budd2, J. Fikes1 and D. Brott3. 1Safety Assessment,
Astra Zeneca, Waltham, MA, 2Safety Assessment, Astra Zeneca, Alderly Park, United
Kingdom and 3Clinical Patient Safety Sciences, Astra Zeneca, Wilmington, DE.
Myocardial necrosis is a frequent finding during preclinical toxicology studies with
cardiac troponin (cTnI) being the clinically accepted biomarker for the emergency
room setting and a prominent emerging biomarker in the preclinical setting. The
goal of this study was to compare the qualified Centaur cTnI assay to a Luminex
Millipore custom panel assay and the MesoScale Diagnostic (MSD) assays Cardiac
Injury Panel 3 and Muscle Injury Panel 1 (CIP3 & MIP1) using isoproterenol
(ISO) as the positive control for inducing myocardial necrosis. Rats were dosed intraperitoneally with vehicle (deionized water), 100 or 500 μg/kg ISO (n=5/group)
and blood and heart were collected at necropsy (2 hours post dose). Individual
plasma samples were used to evaluate cTnI using the Centaur, MSD CIP3, MSD
MIP1 and Luminex cardiac assays. All of the MSD cTnI assay values using both
CIP3 and MIP1 were above the lower limit of quantification. No treatment-related
cardiac histomorphologic changes were observed. The MSD cTnI assays had an r2
>0.82 when correlated with the Centaur assay. In addition to the cTnI comparisons, it was noted that the biomarkers Fatty Acid Binding Protein 3 (FABP3) and
Myosin Light Chain 3 (Myl3) present in MSD CIP3 correlated at r2>95 and
r2>73, respectively, with the MSD cTnI values. To verify between lab reproducibility, the MSD CIP3 was performed in two separate laboratories and produced consistent results. Based on comparisons with the Centaur cTnI assay, this data supports the MSD assay qualification with the additional benefit that the MSD assays
require less sample volume than the Centaur (25 vs 300 μL plasma). With this in
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mind, the MSD assays not only had similar values between laboratories and assays,
but also evaluated FABP3 and Myl3 with less sample volume than the Centaur required for just cTnI analysis.

1509

CHRONIC PROBUCOL TREATMENT DECREASES THE
SLOW COMPONENT OF THE DELAYED-RECTIFIER
POTASSIUM CURRENT IN CHO CELLS TRANSFECTED
WITH KCNQ1 AND KCNE1: A NOVEL MECHANISM OF
QT PROLONGATION.

T. Taniguchi, M. Uesugi, T. Arai, T. Yoshinaga, N. Miyamoto and K. Sawada.
Eisai Co., Ltd., Tsukuba-shi, Japan. Sponsor: A. Suganuma.
Indirect effects of drugs on ion channel expression levels on plasma membrane are
focused as the cause of QT prolongation, and we explored the chronic effects of
QT-prolonging drugs on the slow component of the delayed-rectifier potassium
current (IKs). CHO cells expressing IKs channels were constructed by transfecting
KCNQ1/KCNE1 genes, and the IKs were measured using IonWorks Quattro in
the population patch clamp mode. After 24 hours of treatment with IKs blockers
(HMR1556, L-768673, or chromanol 293B) or hERG channel trafficking inhibitors (amiodarone, 17-AAG, brefeldin A, pentamidine, thioridazine, or probucol), only probucol, a cholesterol-lowering drug, produced a concentration-dependent reduction in the IKs, with a half maximal inhibitory concentration of
149.1 nM. A reduction in the IKs by 1 μM of probucol was observed beginning 2
hours after treatment, and the current was reduced by about 80% at 24 hours. The
current recovered in a time-dependent manner after the washout of probucol.
Probucol did not directly inhibit IKs channels at concentrations of up to 10 μM,
nor did it inhibit the hERG current at concentrations of up to 30 μM. In Western
blotting analysis, however, probucol at 1μM did not affected KCNQ1 level in the
cell membrane. These results suggest that chronic probucol treatment may contribute to QT prolongation in humans by decreasing the IKs without directly inhibiting the IKs channels.

1510

INCREASED EXPRESSION OF PRO-ANGIOGENIC
GENES AND ANGIOTENSIN–CONVERTING ENZYME 1
IN THE CARDIAC TISSUES OF RATS FOLLOWING
LONG-TERM EXPOSURE TO BISPHENOL A.

H. Andersson1, M. Rönn2, M. P. Lind2 and E. Brittebo1. 1Department of
Pharmaceutical Biosciences, Uppsala University, Uppsala, Sweden and 2Department
of Medical Sciences, Uppsala University, Uppsala, Sweden.
Epidemiological studies report an association between exposure to the plastic component bisphenol A (BPA) and cardiovascular disease. This study investigates the
effects of BPA in vivo in rat cardiovascular tissues and in vitro in human cardiomyocytes. Rats were exposed to 0.025, 0.25 or 2.5 μg/ml BPA in the drinking water
from five to fifteen weeks of age and human cardiomyocytes were exposed to 10
nM-10 μM BPA for six hours. The mRNA expression of markers for endothelial
dysfunction, inflammation and angiogenesis in rat cardiac tissue and in human cardiomyocytes were investigated using qRT-PCR. Plasma VEGF-A was investigated
using an enzyme immunoassay and plasma nitrite/nitrate was investigated using the
Griess reaction. Also, the expression of the BPA target receptors, ERα, ERβ, ERRγ
and GRP30, were examined in rat cardiac tissue and in human cardiomyocytes
using immunohistochemistry and qRT-PCR.
Exposure of rats to ≥0.025 BPA increased the mRNA expression of vascular endothelial growth factor A (VEGF-A), angiotensin converting enzyme 1 (ACE1),
endothelial nitric oxide synthase (eNOS) and VEGF receptor 2 (VEGFR2) in the
myocardium and exposure to 2.5 μg/ml BPA increased plasma VEGF-A. Exposure
of human cardiac myocytes to 10 μM BPA increased the mRNA expression of
ACE1 and eNOS.
These findings show that exposure of rats to environmentally relevant levels of BPA
cause changes in cardiovascular tissues previously associated with coronary heart
disease and that the effects of BPA in vivo in rat myocardium were in line with the
effects in vitro in human cardiomyocytes.

1511

EXERCISE MODULATES POLYCHLORINATED
BIPHENYL-INDUCED CARDIOVASCULAR TOXICITY
IN MICE.

M. Murphy1, K. Eske1, S. Han1, K. Esser2 and B. Hennig1. 1Graduate Center for
Nutritional Sciences, University of Kentucky, Lexington, KY and 2Department of
Physiology, University of Kentucky, Lexington, KY.
Cardiovascular diseases such as atherosclerosis are the leading cause of mortality
worldwide. Polychlorinated biphenyls (PCBs) are persistent environmental pollutants that can contribute to the initiation of atherosclerosis. Previous work in our
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laboratory has examined the potential role of nutrition in modulating the toxicity
of PCBs in vascular endothelial cells. It has been well-established that exercise can
reduce the risk of cardiovascular diseases; however, it is not known whether exercise
can modulate vascular inflammation and dysfunction induced by environmental
pollutants, such as PCBs .
In the current study, LDLr-/- mice were fed a Western high-fat diet for 12 weeks to
promote an atherogenic phenotype, and then divided into sedentary and exercise
groups at week 4. Mice in the exercise group were housed individually with a running wheel while their sedentary counterparts were housed individually with no
wheel. The mice were further divided into two groups which were administered
PCB77 at a dose of 170 μmoles/kg mouse or safflower oil vehicle during weeks 6,
8, 10, and 12.
Relative to PCB exposure and sedentary behavior, exercise contributed to lower
serum cholesterol levels, a reduction in body fat, and less systemic inflammation.
Results from this study provide novel findings suggesting that regular physical activity could be utilized as a therapeutic approach for the amelioration of adverse
cardiovascular health effects induced by environmental pollutants such as PCBs.

1512

NEUROLOGICAL AND ARRHYTHMOGENIC EFFECTS
OF 1, 1-DIFLUOROETHANE.

K. P. Joshi, J. Wurpel and M. Barletta. Pharmaceutical Sciences, St. John’s
University, Queens, NY. Sponsor: D. Hardej.
Inhalant abuse is the intentional inhalation of chemical vapors in order to attain euphoric effect. Many common household products are abused by inhalation and one
of them is 1,1-Difluoroethane (DFE). DFE, also known as Freon 152A is a halogenated hydrocarbon used as propellant in dust-off spray and air brush painting. In
this study, effects of DFE inhalation on muscle co-ordination and arrhythmogenic
changes were monitored using Rotarod test and electrocardiograph (ECG) respectively. Thus, an animal model study was used to simulate the clinical conditions of
inhalation abuse that results in known DFE clinical sudden death.
To investigate arrhythmogenic and neurological effects Sprague dawley rats (n=8)
were exposed to 30 s of 20 L/min of DFE. Arrhythmogenic effects were evaluated
by continuous electrocardiographic monitoring (ECG test). These effects were analyzed by evaluating the arrhythmia frequency and arrhythmogenic severity after
multiple doses of DFE. ECG test with pretreatment of propranolol, epinephrine,
and combination of propranolol and epinephrine before DFE administration was
also performed. For the rotarod test, animals were divided in two groups (n=10)
and given a dose of DFE 20 L/min. The first group was administered DFE dose for
30 s and the second group for 15 s. Electrocardiographic monitoring showed that
DFE and epinephrine + DFE resulted in higher incidence of arrhythmias as compared to the propranolol treated group. Moreover, severity of arrhythmias was
higher in epinephrine + DFE group as compared to all the other groups. In Rotarod
test, DFE dose for both the groups reduced muscle coordination and animals failed
to balance on the Rotarod. Animals recovered after 15 min but exhibited signs of
lethargy and sedation. These results suggest that DFE shows cardiotoxic effect in
form of arrhythmias and CNS depressant effects in form of sedation and motor impairment.

1513

EXPOSURE TO B(A)P IN UTERO PREDISPOSE LEH
RAT OFFSPRING TO CARDIOVASCULAR
DYSFUNCTION IN LATER LIFE.

G. E. Jules1, S. Pratap2, A. Ramesh3 and D. B. Hood1. 1Neuroscience and
Pharmacology, Meharry Medical College, Nashville, TN, 2Microarray/Bioinformatics
Core/Microbiology & Immunology, Meharry Medical College, Nashville, TN and
3Biochemistry and Cancer Biology, Meharry Medical College, Nashville, TN.
In utero exposure of fetuses to benzo(a)pyrene [B(a)P], a polycyclic aromatic hydrocarbon, is hypothesized to dysregulate cardiovascular development. To investigate the effects of in utero B(a)P exposure on cardiovascular development, timedpregnant Long Evans Hooded (LEH) rats were exposed to B(a)P (0, 600 and 1200
μg/kg/BW) by oral gavage on embryonic (E) days E14-17. There were no significant effects of in utero B(a)P exposure on the number of pups born per litter, the
pre-weaning growth curves, or on the initial and final heart to body weight ratios.
High performance liquid chromatography (HPLC) was employed to characterize
the pre-weaning heart tissue metabolite profiles of B(a)P-exposed offspring. Systolic
blood pressure in B(a)P exposed offspring was significantly elevated as compared to
controls. Microarray and quantitative real-time PCR analysis demonstrated upregulation of mRNA expression for angiotensin (AGT) and endothelial nitric oxide
synthase (NOS3/eNOS). Ingenuity Pathway Analysis (IPA) and Expression
Analysis Systematic Explorer (EASE) software was used to identify potential signal-

ing and molecular pathways explaining elevated blood pressure observed in B(a)Pexposed offspring. Our findings suggest that in utero exposure to B(a)P predispose
offspring to functional deficits in cardiovascular development which leads to cardiovascular dysfunction in later life.

1514

METALLOTHIONEIN PROTECTS INTERMITTENT
HYPOXIA-INDUCED CARDIOMYOPATHY BY
INHIBITION OF CARDIAC OXIDATIVE DAMAGE,
APOPTOSIS, AND INFLAMMATION.

X. Yin1, 2, T. Yi1, B. Wang1, Y. Zheng2, J. Cai1 and L. Cai1, 2. 1Pediatrics,
University of Louisville, Louisville, KY and 2Jilin University, Changchun, Ji Lin
Province, China.
ANGIOTENSIN II/AT1 PLAYS A CRITICAL ROLE IN
ALCOHOLIC CARDIOMYOPATHY THROUGH
PKC/NADPH OXIDASE ACTIVATION PATHWAY.

Y. Tan1, Q. Chen1, X. Yin1, C. J. McClain2 and L. Cai1. 1Pediatrics, University of
Louisville, Louisville, KY and 2Pharmacology and Toxicology, University of Louisville,
Louisville, KY.
To investigate the mechanisms responsible for alcohol induced the cardiac cell
death, we recently demonstrated that compared with control, hearts from mice
with alcohol feeding for two months exhibited increased apoptosis along with significant nitrosative damage [measured by 3-nitrotyrosine (3-NT) abundance] and
NADPH oxidase (NOX) 2 activation and NOX4 up-regulation. Direct exposure of
H9c2 cells to alcohol induced apoptosis, in a dose-dependent manner via NADPH
oxidases (NOX) activation since pre-incubation of alcohol-treated cells with urate
(peroxynitrite scavenger), L-NAME (nitric oxide synthase inhibitor), MnTMPyP
(SOD mimic) and apocynin (NOX inhibitor) abrogated alcohol-induced oxidative
stress and apoptosis. In the present study we further showed that PKC-β1 inhibitor
and specific SiRNA can prevent alcohol induced NOX activation, oxidative stress
and cell death. Exposure to alcohol significantly increased the expression of angiotensin II (Ang II) and its type 1 receptor (AT1). AT1 blocker completely prevented alcohol-induced activation of PKC-β1 and NOX, indicating that alcoholinduced oxidative stress and cell death is mediated by PKC-β1-dependent NOX
activation via AT1. To validate the in vitro findings in an in vivo condition, mice
with knockout of AT1 gene (AT1-KO) and wide-type (WT) were simultaneously
treated with alcohol for two months. Alcohol significantly increased systemic Ang
II levels in both WT and AT1-KO mice. Knockout AT1 gene was found to completely prevent alcohol-induced cardiac PKC-β activation, NOX 2 up-regulation
and NOX 4 activation, protein nitration, and cell death. In addition, alcohol also
induced cardiac fibrosis (remodeling) and dysfunction significantly in the WT
mice, but not in AT1-KO mice. These findings strongly suggest that alcohol-induced cardiac oxidative stress and apoptosis, which is mediated by Ang II interaction with AT1 and subsequent activation of PKC-β1-dependent NOX pathway,
plays an important role in the development of alcoholic cardiomyopathy.

1515
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CHRONIC OVER-EXPRESSION OF RECEPTOR
TYROSINE KINASE ERBB2 IN THE HEART AFFECTS
MITOCHONDRIAL FUNCTION AND OXIDATIVE
STRESS.

K. Gabrielson. Molecular and Comparative Pathobiology, Johns Hopkins Medical
Institutions, Baltimore, MD.
Anti-erbB2 (Herceptin) and doxorubicin are cancer therapy drugs that when given
together cause synergistic cardiac toxicity in a subgroup of patients. Herceptin targets erbB2- (a receptor tyrosine kinase, Her2/neu) found over-expressed in breast
cancer. Radioactive Herceptin binds to the hearts in some women during cancer
therapy with poor cardiac outcomes. The regulation of erbB2 in the heart is not understood. We previously found that doxorubicin induces erbB2 in rat hearts, possibly predisposing the heart to off-target toxicity to anti-erbB2. To further understand the role of cardiac erbB2 in vivo, our lab developed a transgenic mouse model
that has chronically elevated levels of cardiac erbB2. In our preliminary studies,
erbB2 over-expression in the mouse hearts results in up-regulation of the following
oxidative stress defense proteins: cytosolic thioredoxin-1 (TRX1), mitochondrial
thioredoxin-2 (TRX2) and glutathione reductase (GR). These findings are further
supported by preliminary data that indicate less mitochondrial-derived oxidative
stress in the erbB2 transgenic mouse hearts compared to wild type mouse hearts.
Microarray data that compare the transgenic mice to wild type mice show that
many mitochondrial genes are down-regulated in the heart compared to wild type.
Our preliminary data show that isolated mitochondria from the erbB2 transgenic
mouse hearts have a lower respiration rate compared to wild type mitochondria.
Since mitochondria are abundant in the heart and play a significant role in providing energy to the heart, we hypothesize that chronic erbB2 signaling reduces mitochondrial oxidative stress as well as the energetic and respiratory functions of the
mitochondria. Using these findings, we hope to understand what patient population is at risk for synergistic toxicity and how erbB2 regulates mitochondrial function.

Obstructive sleep apnea (OSA) is a highly prevalent condition associated with increased upper airway resistance during sleep, which is characterized by repeated
oxygen desaturation events (intermittent hypoxia, IH) and by sleep disturbance
(sleep fragmentation, SF). Cardiovascular disease is one of pathophysiologic sequelae in OSA patients. Oxidative damage may be the underlying mechanism for OSA.
Metallothionein (MT) is a non-specific, efficient and endogenous antioxidant, and
expresses in the heart. Therefore, we tested the hypothesis that MT can protect
OSA-induced cardiomyopathy. To mimic the hypoxia/reoxygenation events occurring in human OSA, IH was applied to transgenic mice with cardiac-specific overexpression of MT gene (MT-TG) and the wild-type mice for 4 wk and 8 wk. The
nadir FIO2 was maintained at 8% for 20 seconds and the IH paradigm consisted of
20.9% O2 / 8% O2 FIO2 alternation cycles (30 episodes per h) for 12 h a day during day light. IH was found to increase the ratio of heart weight to tibia length at 4
wk, and progressively decreased cardiac function from 4 wk to 8 wk. Cardiac fibrosis was evidenced by increased expression of CTGF, PAI-1 and collagen accumulation at 4 wk and 8 wk. Inflammation was significantly increased in IH-treated
heart, shown by Western blot of ICAM, VCAM and neutrophile infiltration at 4
wk. Cardiac apoptosis was observed at 4 wk and 8 wk in IH-treated heart, reflected
by increased TUNEL positive cells, CHOP expression and caspase-3 cleavage. IH
also induced cardiac oxidative damage, shown by increased protein nitration and
progressively decreased the antioxidant components (MT and SOD). However, all
the above pathogenic changes were not observed in IH-exposed MT-TG mice.
These results suggest that IH can induce cardiomyopathy (cardiac remodeling and
dysfunction) associated with oxidative damage, apoptotic cell death and inflammation. MT can completely prevent IH-induced cardiomyopathy.

1517

REGULATION OF ENDOTHELIAL CELL-SPECIFIC
NITRIC OXIDE SYNTHASE ACTIVITY BY THE
PHOSPHODIESTERASE-4 INHIBITOR, CI-1044.

G. A. McMahon Tobin2, S. Stewart2, A. Knapton2, J. Zhang2, S. Bancos2, L.
Zhang2, B. Enerson1, M. Lawton1 and J. L. Weaver2. 1DSRD, Pfizer Inc., Groton,
CT and 2DDSR/OTR/OPS/CDER/US FDA, Silver Spring, MD.
The development of Phosphodiesterase-4 inhibitors (PDE-4i) as anti-inflammatory
and anti-asthma drugs has been hampered by the finding of drug-induced vascular
injury (DIVI) in preclinical toxicology studies. The DIVI lesions are typically located in the mesenteries of rats and the coronary arteries of dogs, pigs or monkeys.
It is not clear if similar lesions would be observed in humans. Hence, the identification of a clinically translatable biomarker for DIVI is essential for the further development of this class of drugs. Our previous data has shown that nitric oxide (NO)
is elevated with PDE-4 administration in rats and that nitric oxide synthase (NOS)
blockade prevents DIVI. The aim of this study was to further elucidate the mechanism by which PDE-4 inhibition leads to the elevation of NO and to DIVI, by examining the level of endothelial cell-specific NOS (eNOS) phosphorylation over
time. Phosphorylation of eNOS at six different sites is known to regulate its activity. Rats were treated with the PDE-4i CI-1044, and serum and mesentery tissue
collected over a 24-h time period after the last dose. Serum nitrate levels remained
at baseline initially, but increased between 8-24 h. Mesentery tissue was examined
for total eNOS and phosphorylation at residues Y83, S116, T495, S617, S632, and
S1177. Phosphorylation of S617 was significantly increased at 2 h relative to other
time points. In contrast, phosphorylation levels of Y83, S116, and S632 were increased similarly relative to control levels at all time points. Interestingly, phosphorylation of S1177 was decreased at all time points relative to controls, while phosphorylation at T495 was increased. Our results suggest that treatment of rats with
the PDE-4 inhibitor, CI-1044, leads to modulation of the phosphorylation of
eNOS, with subsequent elevation in NO, as measured by serum nitrate levels. This
work provides further evidence that NO production may be a useful biomarker for
PDE-4 inhibitor-induced DIVI.

1518

MACROPHAGES AND TOXICANTS: EFFECTS ON
CHOLESTEROL EFFLUX.

A. Borazjani, J. A. Crow, R. Wang and M. Ross. Mississippi State University,
Mississippi State, MS.
Cholesterol cycles between two forms within cells, one is free (unesterified) and the
other esterified to fatty acids. Only the free form is transported (effluxed) out of
macrophages via ABC transporters to extracellular acceptors destined for the liver.
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We have previously shown that a key enzyme in the cholesterol cycle (CES1) is inhibited by xenobiotics (organophosphates) and endogenous toxins (4-hydroxynonenal, HNE). We therefore hypothesized that these compounds would inhibit
cholesterol efflux from cultured macrophages. To examine this possibility, THP-1
macrophages were preloaded with [3H]-cholesterol/acetylated LDL, followed by an
equilibration period in serum free medium to enable radiolabeled cholesterol to distribute into various cellular pools. The lipid-engorged cells were then treated with
toxicants for 24 h in the absence of cholesterol acceptors, followed by a 24 h efflux
period in the presence of either 10% fetal bovine serum (FBS), HDL, or ApoAI
(toxicant was present in culture medium for 48h). Efflux of [3H]-cholesterol from
control (vehicle-treated) macrophages increased with time (~25-30% efflux into
the culture medium by 24h) when cultured in medium containing 10%FBS.
Compared to control cells, no differences in efflux rates were found after treatment
with paraoxon or HNE (up to 10μM). When HDL (ABCG1-mediated transport)
was used as cholesterol acceptor, a modest 25% reduction (p<0.05) in efflux was
found after treatment with paraoxon or chlorpyrifos oxon (10μM each), but not for
HNE. Moreover, when apoA1 (ABCA1-mediated transport) was used as cholesterol acceptor, a dose-dependent reduction in efflux (up to 50%, p<0.05) was
found for paraoxon (0-10μM). Treatment of cells with HNE did not affect cholesterol efflux under any condition. Levels of ABCA1 and ABCG1 proteins are currently being evaluated by western blotting to determine whether they are downregulated. The results suggest that toxicants may interfere with key steps in cholesterol
homeostasis and contribute to a pro-atherogenic macrophage phenotype (NIH
R15ES015348).

1519

ARSENIC DOES NOT AFFECT CARDIAC GROWTH IN
THE ANGIOTENSIN-II MODEL OF HYPERTENSION.

M. Aragon, M. L. Paffett, E. S. Colombo, M. Channell, J. Buntz, S. N. Lucas
and M. Campen. Pharmaceutical Sciences, University of New Mexico, Albuquerque,
NM.
Human exposure to arsenic occurs most commonly through drinking water, and
can cause both acute and long term cardiovascular health effects. Arsenic has been
shown to interact with zinc-finger motifs of certain proteins. We hypothesized that
if Arsenic inhibited muscle ring finger associated protein (MuRF-1), a zinc-fingercontaining protein that induces cardiac atrophy, cardiac hypertrophic processes
would become exaggerated. To test this, we examined the combined impact of arsenic and angiotensin-II on cardiac growth. Briefly, twenty-four mice were divided
into 4 groups. Group 1 received phosphate buffered saline(PBS) via osmotic pump
and was given tap water to drink. Group 2 received PBS and was given sodium arsenite (500 ppb) via drinking water. Group 3 was implanted with an osmotic pump
containing angiotensin II (1g/kg/day) and given tap water to drink. Group 4 received angiotensin II and sodium arsenite in their drinking water. At the conclusion
of four weeks final body and heart weights were recorded and heart, kidneys, liver,
and visceral fat were collected. Total weight gain as a function of initial body weight
was measured to assess systemic effects, and heart weight as a function of final body
weight was used to assess cardiac effects. Angiotensin-II treatment increased heart
weight to body weight ratio by 15-20% (p=0.0013 by two-way ANOVA), but there
was no significant change caused by arsenic intake. Although limited in scope, our
findings do not support a role for arsenic in potentiating the cardiac hypertrophy
induced by hypertension.

1520

TRICLOSAN INTERFERES WITH EXCITATIONCONTRACTION COUPLING OF SKELETAL AND
HEART MUSCLE-IMPLICATIONS FOR HUMAN
ENVIRONMENTAL HEALTH.

I. N. Pessah1, B. D. Hammock2 and N. Chiamvimonvat3. 1VM:Molecular
Biosciences, University of California Davis, Davis, CA, 2Entomology, University of
California Davis, Davis, CA and 3Cardiovascular Medicine, University of California
Davis, Davis, CA.
Uses of triclosan (2,4,4′-trichloro-2′-hydroxy-diphenyl ether, TCS), a synthetic antimicrobial, in consumer products have burgeoned since 1972. Commonly present
in consumer products, including soaps, deodorants, toothpastes, shaving creams,
mouthwashes, cleaning supplies, kitchen utensils, toys, bedding, socks, and trash
bags in concentration that can reach in excess of 20 mM, TCS is considered a high
volume chemical with annual usage of >300 tons. TCS and its metabolites are
found in human serum, urine, and breast milk, and aquatic and terrestrial ecosystems. Total TCS in the urine of Americans vary with age and household income
with a 95th percentile concentration of 1.6μM but reaching levels as high as 13μM
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in some individuals. Little is known about the possible hazards associated with pervasive TCS exposures considering its acute toxicity (29 mg/kg, iv; 84mg/kg, ip) is
in the same range as picrotoxin. We report the discovery that TCS and its metabolite, methyl-TCS, potently impair the integrity of excitation-contraction coupling
of both cardiac and skeletal muscle in a concentration-dependent manner, with
nanomolar to low micromolar potency. Mice exposed to 3-25 mg/kg (ip) triclosan
quickly develop impaired cardiovascular hemodynamics, and dosages >50 mg/kg ip
cause frank heart failure. Triclosan as low as 0.25μM in water significantly impairs
fish swimming performance. Considering the ongoing scientific and public debate
concerning the safety and efficacy of TCS as an antibacterial, the inherent intrinsic
toxicity of TCS to interfere with proteins participating in excitation-contraction
coupling, a process essential to short and long-term health of skeletal and cardiac
muscle, must be considered. Sponsored by NIH P42 ES04699, P01 11269, U.S.
EPA R833292, R829388, and T32 training program in basic and translational cardiovascular science (HL 86350).

1521

AUTOMATED TYROSINE KINASE INHIBITOR
CARDIOTOXICITY ASSAY IN ZEBRAFISH.

C. Callol1, O. Holgado1, I. Ibarbia1, J. Virto1, A. Letamendia1, D. Pez2, M.
Humbert2, A. Moussy2 and P. Dubreuil2. 1Biobide, San Sebastian, Spain and
2ABScience, Marseille, France. Sponsor: A. Muriana.
The zebrafish embryos have recently gained relevance in biomedical research thanks
to some of its characteristics including embryo transparency, small size, ease of manipulation and possibility to evaluate different internal organs avoiding invasive
methodologies. Combined with the possibility to adapt the model with an automatic device and the reduced cost associated to each assay, the model is an ideal
killer experiment in early phases of drug discovery as well as a novel method to increase the selection arguments to reduce the candidates to enter into the Drug
Development processes. Cardiotoxicity is one of the most important reasons for
drug attrition during the process of Drug Development. Evaluation of cardiotoxicity and especially HERG channel inhibition is described in regulatory guidelines,
but limitations demands the development of new complementary assays that can
also evaluate the heart function from a holistic point of view. Biobide has set up a
novel in vivo automated platform that allows testing compounds in zebrafish embryos. To evaluate and validate the quality of the analysis system, the model and the
value of the information, we have used a panel of blind-coded Tyrosine kinase inhibitors that had been previously described in other in vitro and in vivo assays. The
results indicate that our automated method provides with high informative and
complementary data that can significantly improve the process of selection of new
candidates with low or no cardiotoxicity.

1522

EMBRYONIC EXPOSURE TO 2, 3, 7, 8TETRACHLORODIBENZO-P-DIOXIN INHIBITS
EPICARDIAL DEVELOPMENT IN THE ZEBRAFISH
HEART.

J. S. Plavicki, P. Hofsteen, R. E. Peterson and W. Heideman. School of Pharmacy,
University of Wisconsin-Madison, Madison, WI.
Early embryonic exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) disrupts cardiac development and/or function in a wide range of vertebrate species including fish, birds and mammals. In zebrafish, exposure to TCDD during embryogenesis results in decreased numbers of cardiomyocytes, heart looping defects,
cardiac valve malformations, reduced cardiac output and ventricular standstill
(heart failure). The window of TCDD sensitivity during zebrafish embryogenesis
correlates with the formation of the outermost layer of the heart, the epicardium,
which plays a critical role in cardiac development. The epicardium contains cardiac
progenitor cells that contribute to the developing myocardium, valves and coronary
vasculature. In addition, the epicardium is necessary for the maturation of the cardiac conduction system. We hypothesized that TCDD induced heart failure in zebrafish may result from disruptions in epicardial development. Using in situ hybridization, histology and fluorescence immunocytochemistry in conjunction with
confocal microscopy, we have found that TCDD exposure immediately following
fertilization causes a complete loss of the epicardium. In order to better assess how
TCDD impacts epicardial development we characterized the progression of epicardium formation. Previous reports suggested that epicardial progenitors cells attach at the atrial-ventricular junction and spread over the atrium and ventricle simultaneously to form a continuous epicardial layer. We have found that epicardial
cells first ensheath the ventricle then cover the atrium. Exposure to TCDD during
epicardial cell migration stops the normal progression of epicardial cells over the

ventricle and atrium. Exposure after the epicardium has formed does not result in
the loss of epicardial cells. We are currently investigating the molecular mechanism(s) underlying the observed epicardial toxicity. Our results show that TCDD
exposure prevents the formation of an essential layer of the vertebrate heart. NIH
Grant ES012716 and UW Sea Grant.

1523

SOX9B PLAYS A ROLE IN MEDIATING 2, 3, 7, 8TETRACHLORODIBENZO-p-DIOXIN (TCDD)
INDUCED CARDIOTOXICITY IN THE DEVELOPING
ZEBRAFISH EMBRYO.

S. D. Johnson1, R. E. Peterson2, 1 and W. Heideman2, 1. 1Molecular and
Environmental Toxicology, University of Wisconsin-Madison, Madison, WI and
2School of Pharmacy, University of Wisconsin-Madison, Madison, WI.
TCDD is a potent environmental pollutant that disrupts normal embryonic development resulting in craniofacial malformation, unlooping of the heart, pericardial
edema and culminating in heart failure in Danio rerio. TCDD toxicity is mediated
by the aryl hydrocarbon receptor that is thought to mis-regulate developmental
genes that require strict regulation for proper development. Our lab has shown that
TCDD down-regulates sox9b, a transcription factor, in the jaw resulting in craniofacial malformations. We hypothesized that TCDD also induces a down-regulation
of sox9b in the heart and that this down-regulation results in cardiotoxicity. To determine if TCDD down-regulates sox9b in heart cells, mRNA was extracted from
TCDD and vehicle treated hearts. qRT-PCR analysis showed a 2 fold decrease in
sox9b in TCDD treated hearts relative to vehicle. If sox9b is playing a role in mediating TCDD toxicity than down-regulation of sox9b should produce TCDD-like
cardiotoxicity. This was assessed in sox9b null, and TCDD and vehicle treated AB
embryos. Sox9b null larvae presented with pericardial edema and elongation of the
heart relative to vehicle. The changes in heart morphology were statistically similar
to TCDD treated fish. Since ablation of sox9b expression produces a TCDD-like
cardiac phenotype then down-regulation of sox9b should also affect the ability of
the heart to function. Heart function was determined by measuring the red blood
cell (RBC) perfusion rate in the intersegmental vessels of the tail. Sox9b null fish
exhibited a decrease in RBC perfusion rate while TCDD fish exhibited a total RBC
standstill. Thus, down-regulation of sox9b could explain the TCDD induced morphological changes in the heart. However, the 2 fold decrease of sox9b expression
cannot account for the severity of circulation or cardiac defects produced by
TCDD exposure, suggesting that a reduction of sox9b in the heart can account for
some but not all of the TCDD cardiotoxicity.

ME significantly induced DNA-strand breaks at concentrations > 10 - 25 μM.
Given our findings, not only the reported sulfate ester but also phase I metabolites
of ME and MIE exert genotoxic potency in vitro and should be taken into account
with respect to risk evaluation.

1525

Y. Zhu, X. Ding and Q. Zhang. Wadsworth Center, Albany, NY.
Cytochrome P450-mediated drug biotransformation is essential for drug clearance,
but it may also convert inert compounds into toxic metabolites, leading to tissue
toxicity. The intestine is a frequent target tissue for drug toxicity; however, the
mechanisms underlying drug-induced intestinal toxicity are poorly defined for
many drugs that are known to have gastrointestinal side effects. The aim of the
present study was to determine the specific roles of small intestinal (SI) P450 enzymes in the metabolic activation of diclofenac (DCF), a widely used nonsteroidal
antiinflammatory drug, and in DCF-induced intestinal toxicity. DCF induces intestinal ulcers in humans as well as mice. However, we found that the number of
DCF-induced (at 50 mg/kg, p.o.) intestinal ulcers was significantly smaller in an
intestinal epithelium (IE)-specific P450 reductase (CPR) knockout (IE-Cpr-null)
mouse model, which has little P450 activity in the IE, than in wild-type (WT)
mice, at 14 hours after DCF administration. The involvement of intestinal P450
enzymes in DCF metabolism was confirmed by our finding that the rates of in vitro
formation in SI microsomal reactions of hydroxylated DCF metabolites and reactive intermediates, trapped as DCF-glutathione (GSH) conjugates, were reduced
by >90% and >80%, respectively, in the IE-Cpr-null mice, compared with WT
mice. Furthermore, the SI levels of DCF-GSH conjugates were also >80% lower in
IE-Cpr-null mice than in WT mice, at 4 hours after DCF treatment, and the abundance of DCF-protein adducts, detected with an anti-DCF antibody on immunoblots, was significantly lower in IE-Cpr-null mice than in WT mice. In additional experiments, we found that pretreatment of mice with grapefruit juice (GFJ),
which is known to inhibit SI P450 activity, significantly ameliorated the intestinal
toxicity of DCF in WT mice. Taken together, our results not only strongly support
the notion that SI P450 enzymes play an important role in DCF-induced intestinal
toxicity, but they also illustrate the possibility of preventing DCF-induced intestinal toxicity through dietary intervention.

1526
1524

IN VITRO METABOLISM OF METHYLEUGENOL (ME)
AND METHYLISOEUGENOL (MIE): IDENTIFICATION,
QUANTIFICATION AND CYTOTOXICITY OF HEPATIC
METABOLITES.

A. T. Cartus, I. Groh, L. W. Weishaupt, K. Merz, M. Esselen and D. Schrenk.
Food Chemistry and Toxicology, University of Kaiserslautern, Kaiserslautern,
Rheinland-Pfalz, Germany.
ME and MIE are both natural constituents of herbal spices and flavoring substances in food products and cosmetics. The carcinogenicity of ME in rodents is
supposed to result only from its metabolic activation to 1’-hydroxy-ME (1’OH).
After sulfation, the unstable sulfate ester forms a highly reactive carbocation that
can react covalently with DNA. In contrast, MIE (which bears a propenylic instead
of an allylic side chain) was found to be noncarcinogenic in rats and claimed to be
nongenotoxic because of its inability to form a 1’-hydroxy metabolite. We studied
the metabolism of ME and MIE in liver microsomes (human, rat, bovine) and primary hepatocytes (rat). Metabolites were separated via preparative HPLC and identified using 1H-NMR, UV/Vis, LC-MS and HPLC. The metabolites were synthezied as reference compounds for quantification and their cytotoxicity (Alamar
blue, LDH-leakage) was determined in rat hepatocytes. Genotoxicity of selected
metabolites was tested (hPRT- and comet-assay) in V79 cells. Ten microsomal
metabolites of ME could be identified, seven of MIE. Main reactions were hydroxylation of the side chain in 1’ (only ME) and in 3’ position, formation of the dihydro-diols (probably with epoxides as precursors), hydroxylation at ring position 6
and demethylation of one of the methoxy groups. 1’oxo (ketone) and 3’oxo (aldehyde) were identified to be secondary metabolites. We also found an unexpected
isomerization of propenylic 6OH-MIE to allylic 6OH-ME. The highest cytotoxicities were found for 1’oxo and 1’OH with EC50 values of 10 and 50 μM, respectively. All other metabolites showed cytotoxicities lower than the parent compounds (EC50 of ME 300 μM; MIE 165 μM). ME-Epoxide, 1’OH, 3’Oxo and

ROLE OF INTESTINAL CYTOCHROME P450 ENZYMES
IN DICLOFENAC-INDUCED TOXICITY IN THE SMALL
INTESTINE.

EMODIN ANALOGS AS CYTOCHROME P450
INHIBITORS—A STUDY OF THEIR POTENCY AND
SELECTIVITY.

M. Foroozesh, J. Sridhar, J. Liu and C. Klein Stevens. Chemistry, Xavier
University of Louisiana, New Orleans, LA.
Cytochrome P450 enzymes (CYPs) are hemoprotein monooxygenases that metabolize a wide variety of endogenous and exogenous substances through oxidation.
The roles of CYPs in detoxification and bioactivation of xenobiotics (into carcinogens, mutagens, and cytotoxins) make them an attractive target for cancer prevention and treatment. In-silico studies of our in-house CYP inhibitors have revealed
important structural characteristics that are required for a molecule to function as a
good inhibitor of cytochrome P450 enzymes. These insights were incorporated into
the design of pharmacophores used for a 2D-search of the Chinese Medicine
Database. Emodin, a natural anthraquinone isolated from Rheum emodi and known
to be metabolized by cytochrome P450 enzymes, was one of the hits and was used
as the lead compound. Emodin was found to inhibit CYPs 1A1, 1A2, and 2B1 with
IC50 values of 12.25 μM, 3.73 μM, and 14.89 μM respectively. Further similarity
searches of the PubChem and ZINC chemical databases resulted in the identification of 12 emodin analogs for testing against CYP1A1, CYP1A2, CYP2B1 and
CYP2A6-dependent activities. 1-amino-4-chloro-2-methylanthracene-9,10-dione
showed the best inhibition potency for CYP1A1 with an IC50 value of 0.40 μM. 1amino-4-chloro-2-methylanthracene-9,10-dione and 1-amino-4-hydroxyanthracene-9,10-dione both inhibited CYP1A2 with the same IC50 value of 0.53 μM.
In addition, 1-amino-4-chloro-2-methylanthracene-9,10-dione acted as a mechanism-based inhibitor of CYPs 1A1 and 1A2 with KI and Kinactivation values of 5.38
μM and 1.57 min-1 for CYP1A1, and 0.50 μM and 0.08 min-1for CYP1A2. 2,6Di-tert-butyl-5-hydroxynaphthalene-1,4-dione directly inhibited CYP2B1 with
good selectivity and inhibition potency (IC50 =5.66 μM). Docking studies using
the 3D-structures of the enzymes were carried out on all of the compounds. The
binding modes of these compounds revealed the structural characteristics responsible for their potency and selectivity as presented here.
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1527

INTERSTRAIN VARIABILITY IN
TRICHLOROETHYLENE (TCE) METABOLISM: ROLE
IN LIVER TOXICITY.

H. Yoo, B. U. Bradford, L. B. Collins, O. Kosyk, S. Shymonyak, W. M.
Bodnar, A. Gold and I. Rusyn. Environmental Sciences and Engineering, University
of North Carolina Gillings School of Global Public Health, Chapel Hill, NC.
TCE is a well-known environmental and occupational toxicant contaminating air,
water, and soil. One of the reasons why TCE is still a challenge in mechanistic and
regulatory toxicology is that TCE is metabolized in a complex way, and each
metabolite has varying toxicity potential in different organs and species. The present study hypothesized that the mouse interstrain differences in TCE metabolism
may result in differential toxicity in the liver. TCE (600 mg/kg/d, in 5% Alkamuls
EL-620/saline, i.g.) was administered to male mice (6-8 weeks old) from 7 inbred
mouse strains (129S1/SvImJ, A/J, BTBR T+tf/J, C57BL/6J, CAST/EiJ,
NOD/ShiLtJ, NZW/LacJ) for 5 days. Quantification of trichloroacetic acid
(TCA), dichloroacetic acid (DCA), S-(1,2-dichlorovinyl)glutathione (DCVG), and
S-(1,2-dichlorovinyl)-L-cysteine (DCVC) was performed. In addition, liver toxicity, liver-body weight ratio, hepatocyte proliferation, and expression of marker
genes (Pparα, Acox1, and Cyp4a10) were measured. We observed interstrain variability in the levels of TCA, DCA, and DCVC in serum and liver. The level of
DCVG was below the limit of quantification. Overall, levels of TCA were 1,000fold greater than DCA, and levels of DCA were 100-fold higher than DCVC. No
correlation between metabolite levels across strains was observed. The level of TCA
in liver was significantly correlated with the level of TCA in serum. In 6 of the 7
strains, treatment with TCE resulted in an increase in gene expression indicative of
peroxisome proliferation. There was dose-related increase of liver/body weight ratio
in 3 of the 7 strains and hepatocyte proliferation in 4 of the 7 strains. When the parameters of Acox1, Cyp4a10, liver/body weight ratio, and hepatocyte proliferation
were expressed as fold change relative to vehicle, they were significantly correlated
with the level of TCA in both serum and liver. In conclusion, the interindividual
differences in metabolism may provide better understanding of interindividual differences in toxicity.

1528

LOCAL INHIBITION OF BRAIN CYP2B-MEDIATED
CHLORPYRIFOS ACTIVATION REDUCES
NEUROTOXICITY.

J. Y. Khokhar1, 2 and R. F. Tyndale1, 2. 1Centre for Addiction and Mental Health,
Toronto, ON, Canada and 2Departments of Psychiatry, Pharmacology and Toxicology,
University of Toronto, Toronto, ON, Canada. Sponsor: D. Grant.
Chlorpyrifos (CP) is a commonly used organophosphorus pesticide that is metabolized by Cytochrome P450 2B (CYP2B) to the toxic AChE inhibitor chlorpyrifos
oxon (CPO), resulting in cholinergic over-stimulation and toxicity. Rat brain homogenates can activate CP in vitro and the lack of circulating oxon in serum suggests that brain CP activation in vivo may be responsible for chlorpyrifos neurotoxicity. We hypothesized that brain CYP2B inhibition will attenuate CPF toxicity by
blocking the local activation to CPO in the brain. Rats received intracerebroventricular (ICV) injections of CYP2B mechanism-based inhibitors (MBI), either once
or repeatedly, followed by 62.5-250 mg/kg CP sc. Neurochemical and behavioral
outcomes including AChE activity and CP and CPO levels in serum and brain,
body temperature, incline plane and a functional observational battery were measured at 4 hours to 3 days after CP treatment. ICV CYP2B MBIs increased brain
chlorpyrifos levels, decreased brain chlorpyrifos-oxon levels, and attenuated brain
acetylcholinesterase inhibition; there was no effect of ICV MBIs on serum chlorpyrifos or acetylcholinesterase consistent with inhibition of brain, but not hepatic,
chlorpyrifos metabolism. Inhibition of chlorpyrifos activation by brain CYP2B
blocked centrally mediated hypothermia, but not delayed peripheral hyperthermia.
A single ICV MBI treatment significantly attenuated chlorpyrifos neurotoxicity
mediated behavioral outcomes at day 1 after chlorpyrifos treatment with a gradual
increase in toxicity through day 3, while daily ICV MBI injections blocked neurotoxicity across all test days consistent with prolonged inhibition of brain chlorpyrifos activation. Thus, rat brain CYP2B contributes significantly to CP’s neurotoxic
effects and its inhibition could potentially be used to reduce CP toxicity. This also
suggests that interindividual differences in levels of brain CYPs, including
CYP2B6, may alter response to drugs and toxins.
Funding: CIHR MOP97751 and CAMH
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1529

CYTOCHROME P450 1 GENES IN BIRDS:
EVOLUTIONARY RELATIONSHIPS AND
TRANSCRIPTION PROFILES IN CHICKEN AND
JAPANESE QUAIL EMBRYOS.

M. E. Jönsson1, 2, B. R. Woodin2, J. J. Stegeman2 and B. Brunström1.
1Environmental Toxicology, Uppsala University, Uppsala, Sweden and 2Biology, Woods
Hole Oceanographic Institution, Woods Hole, MA.
Cytochrome P450 1 (CYP1) genes are biomarkers for aryl hydrocarbon receptor
(AHR) agonists and may be involved in their toxic effects. Susceptibility to AHRmediated toxicity varies among species; e.g., Japanese quail is less sensitive than
chicken to halogenated AHR agonists. CYP1s other than the CYP1As are poorly
studied in birds. Here we characterize CYP1B and CYP1C genes in birds and examine mRNA expression of the complete CYP1 complement and AHR1, comparing basal and induced levels in chicken and quail embryos. We cloned cDNAs of
chicken CYP1C1 and quail CYP1B1 and AHR1. CYP1Cs occur in several bird
genomes, but we found no CYP1C gene in quail. The CYP1C genomic region was
found to be highly conserved among many vertebrates. It also shared some synteny
with the CYP1B region, suggesting CYP1B and CYP1C genes derive from duplication of a common ancestor gene. Quantitative PCR analysis revealed similar tissue
distribution patterns for CYP1A4, CYP1A5, CYP1B1, and AHR1 mRNA in
chicken and quail embryos, with the highest expression of CYP1As in liver, and of
CYP1B1 in eye, brain, and heart. Our results suggest the basal transcript levels are
considerably higher for CYP1A in quail than in chicken, but roughly similar for
CYP1B1 and AHR1 in the two species. Chicken CYP1C1 was most highly expressed in eye and heart. Tissue distribution of CYP1B and CYP1C transcripts in
birds resembles that previously found in zebrafish, which may imply that these
genes serve similar functions in diverse vertebrates. 3,3’,4,5,5’-Pentachlorobiphenyl
induced all four CYP1s in chicken; in quail a 1000-fold higher dose induced the
CYP1As, but not CYP1B1. The apparent absence of CYP1C1 in quail, and weak
expression and induction of CYP1C1 in chicken suggest that CYP1Cs have diminishing roles in tetrapods, which may be met by CYP1B1. Determining catalytic
functions of CYP1s in different species should indicate the evolving roles of these
duplicated genes in physiological and toxicological processes.

1530

BIOAVAILABILITY AND EFFECT OF CLORAMINE-T
ON DRUG-METABOLIZING ENZYMES.

M. R. Martinez-Larrañaga, M. A. Martinez, M. Martinez, V. Castellano, I.
Ares, E. Ramos, A. Romero and A. R. Anadón. Department of Toxicology and
Pharmacology, Faculty of Veterinary Medicine, Complutense University, Madrid,
Spain.
Chloramine-T (N-chloro-4-toluenesulfonamide sodium salt), a by-product of saccharin manufacture, is employed as an antiseptic, biocide and is a constituent of
many medicinal products. Also, chloramine-T is a widely used disinfectant in food
industry and drinking water. Chloramine-T releases active chlorine (12.6%) and it
is considered as an oxidant by forming hypochloric acid. For risk assessment, it is of
prime interest to obtain relevant information on pharmacokinetics including metabolism. The objective of the present study is: (1) investigate plasma disposition
including bioavailability of chloramine-T after single i.v. (30 mg/kg) and oral (100
mg/kg) dose, and (2) determine if chloramine-T interacts with microsomal cytochrome P450 system after multiple oral (5 and 10 mg/kg/day, 4 days) dose, in
male Wistar rats. After i.v. (30 mg/kg) and oral (100 mg/kg) dose, blood samples
were collected; plasma was separated and kept frozen until analysed chloramine-T
concentration by HPLC. Treated and control animals (5 and 10 mg/kg/day orally,
4 days) were sacrificed 24 hours after the last administration and livers were removed. The livers were individually homogenized and microsomal pellets were prepared and stored at –80°C for enzyme determinations. The chloramine-T plasma
profile after oral and i.v. dose could be adequately described by a two-compartment
open model. The absorption (t½a= 0.15 h) and elimination (t½β= 1.4 h after i.v.
and 1.9 h after oral dose) were rapid. The maximum concentration (Cmax = 35
μg/mL) was reached in a Tmax of 0.44 h. The oral bioavailability was 50.6%.
Chloramine-T at the high dose level was an inductor of P450 enzymes.
Chloramine-T increased the CYP1A1 (54%) and CYP1A2 (60%) activities. Our
results may prove a valuable contribution for risk assessment of this biocide. This
work was supported by projects Ref. BSCHGR58/08(UCM), Ref. No.
S2009/AGR-1469(CAM) and Consolider-Ingenio 2010 No.CSD2007063(MEC), Spain.
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CHIRAL POLYCHLORINATED BIPHENYLS (PCBS) ARE
ENANTIOSELECTIVELY OXIDIZED IN MOUSE LIVER
TISSUE SLICES.

H. Lehmler1, X. Wu1 and M. Duffel2. 1Department of Occupational and
Environmental Health, University of Iowa, Iowa City, IA and 2Department of
Pharmaceutical Sciences and Experimental Therapeutics, University of Iowa, Iowa
City, IA.
Biotransformation by P450 enzymes may contribute to the developmental toxicity
of PCBs through the formation of neurotoxic metabolites. Here we investigate the
hypothesis that chiral PCB91 (2,2’,3,4’,6-pentachlorobiphenyl), PCB95
(2,2’,3,5’,6-pentachlorobiphenyl), PCB132 (2,2’,3,3’,4,6’-hexachlorobiphenyl),
PCB136 (2,2’,3,3’,6,6’-hexachlorobiphenyl) and PCB149 (2,2’,3,4’,5’,6-hexachlorobiphenyl) are enantioselectively metabolized to hydroxylated metabolites
(OH-PCBs) in mouse liver slices. Liver tissue slices were obtained from female
C57BL/6 mice and incubated for 4 h with Krebs-Henseleit buffer (pH 7.4) containing 50 μM PCBs. Lactate dehydrogenase release from the tissue slices was
25.1±5.4 %, indicating viability of the tissue slices. The parent PCBs accumulated
in tissue slices (19-47% of total PCB) and only <1% were primarily metabolized to
OH-PCBs containing the hydroxyl group in the 5-position of the 2,3,6-trichloro
substituted phenyl ring in each of the PCBs investigated. The relative concentrations of these metabolites were 5-OH- PCB 149 > 5-OH PCB 91 ≥ 5-OH-PCB
132 > 5-OH-PCB 136 ≥ 5-OH-PCB 95. Minor metabolites included 4-OHPCB95, 4’-OH-PCB132, 4-OH-PCB136, 4,5-diOH-PCB91, 4,5-diOH-PCB136
and the NIH shift products of PCB91 and PCB132. Enantioselective gas chromatography showed an enrichment of (+)-PCB136 and the first eluting enantiomer
of 4-OH-PCB136, which is formed from (-)-PCB136. The enantiomeric fractions
(EF) of PCB136 and 4-OH-PCB136 were 0.51 and 0.16, respectively. The first
eluting peak of 5-OH-PCB149 was enriched in both medium and slices, with EF
values of 0.68 and 0.70. Overall, the PCB metabolite patterns observed in the present study are comparable to in vivo disposition studies, which suggests that precision-cut tissue slices are a useful model for studying the enantioselective metabolism of neurotoxic PCBs [Supported by NIH grants ES05605, ES013661 and
ES017425].

1533

T. Schmidt1, R. Bertermann2, G. M. Rusch3 and W. Dekant1. 1Department of
Toxicology, University of Würzburg, Würzburg, Germany, 2Department of Inorganic
Toxicology, University of Würzburg, Würzburg, Germany and 3Honmeywell Int. Inc.,
Morristown, NJ.
HCFO-1233zd is novel foam blowing and precision cleaning agent with a very low
global warming and ozone depletion potential. Acute and subchronic (90-day inhalation NOEL 4000 ppm) toxicity studies in Sprague Dawley rats as well as negative Ames and micronucleus tests suggest a low potential for toxicity. For further
toxicological characterization, the metabolism of HCFO-1233zd was determined
in male Sprague Dawley rats, female New Zealand White rabbits and in vitro.
Animals were exposed by inhalation to 2,000, 5,000 and 10,000 ppm of HCFO1233zd for 6 hr and urine was collected for 48 hr after the end of the exposure.
Microsomes were incubated with HCFO-1233zd at 37 °C for 20 hr. Urine samples
and microsomal incubation supernatants were analyzed for metabolites using 19FNMR, LC/MS-MS. A predominant in vitro biotransformation product, S-(3,3,3trifluoro-trans-propenyl)glutathione was identified in rat, rabbit and human microsomal experiments (77% in rat, 81% in rabbit, 86% in human - of total
metabolites by 19F NMR signal intensities). On the other hand, the oxidative
metabolites 3,3,3-trifluorolactic acid (TFLA) and N-acetyl-(3,3,3-trifluoro-transpropenyl)-L-cysteine (MA) were observed as the major in vivo metabolites, 32% for
TFLA and 40% for MA (rat) and 46% for MA (rabbit) of the total metabolites by
19F NMR signal intensities in urine samples obtained within 6 hr after the exposure. TFLA was not found with rabbits. Quantification by LC/MS-MS showed
rapid excretions of both metabolites, with half times of less than 6 hr in both
species. Based on metabolite recovery in urine and estimations of inhaled HCFO1233zd, biotransformation extent of HCFO-1233zd was determined as 0.01% of
received dose in rabbits and 0.002% in rats. The metabolite structures suggest
HCFO-1233zd undergoes both oxidative biotransformation by CYP and direct
glutathione conjugation. The data on toxicokinetics support prior studies that
HCFO-1233zd has a low potential for toxicity in mammals.
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2, 2’, 3, 3’, 6, 6’-HEXACHLOROBIPHENYL (PCB136) IS
ENANTIOSELECTIVELY OXIDIZED BY HUMAN LIVER
MICROSOMES.

X. Wu and H. Lehmler. Department of Occupational and Environmental Health,
University of Iowa, Iowa City, IA.
2,2’,3,3’,6,6’-Hexachlorobiphenyl-4-ol (4-OH-PCB136), a metabolite of
PCB136, is a potent sensitizer of Ryanodine receptors, which are important cellular
targets for developmental neurotoxicity. Here we investigate the hypothesis that
PCB136 is enantioselectively oxidized to hydroxylated PCB136 (OH-PCB136)
metabolites by human liver microsomes (HLMs). PCB136 or its atropisomers at a
final concentration of 50 μM were incubated with hepatic microsomes for 0, 5, 10,
15, 20, 25 and 30 min. Levels of PCB136 and its metabolites in the microsomal incubations were determined using a gas chromatograph equipped with a micro electron capture detector and DB1-MS capillary column. Enantioselective gas chromatographic analyses were performed using Chirasil-Dex and Cyclosil-B capillary
columns. The major metabolites, 4-OH-PCB136 and 2,2’,3,3’,6,6’-hexachlorobiphenyl-5-ol (5-OH-PCB136), were formed in a ratio of approximately 1.8 to 1
in incubations with racemic PCB136. 2,2’,3,3’,6,6’-Hexachlorobiphenyl-4,5-diol
was a minor metabolite. Enantioselective analysis revealed a slight enrichment of ()-PCB136, with an enantiomeric fraction (EF) of 0.49. Furthermore, the atropisomers of 5-OH-PCB136 and 4-OH-PCB136 eluting second on the Chirasil-Dex
and Cyclosil-B columns were enriched, with EF values of 0.63 and 0.86, respectively. Both atropisomers were formed from (+)-PCB136, which is consistent with
a more rapid oxidation of (+)-PCB136 by HLMs. Although the formation of 5and 4-OH-PCB136 atropisomers increased with time in the HLM incubations, the
enantioselective formation of the OH-PCB metabolites resulted in near constant
EF values. The preferred oxidation of (+)-PCB136 to OH-PCB136 metabolites
was also confined in incubations of (+)- and (-)-PCB136 with HLMs. These findings suggest that the enantiomeric enrichment of OH-PCBs, such as 4-OHPCB136, may play an important, but currently overlooked role in the developmental neurotoxicity of PCB136 [Supported by NIH grants ES05605, ES013661 and
ES017425].

BIOTRANSFORMATION OF TRANS-1-CHLORO-3, 3, 3TRIFLUOROPROPENE (HCFO-1233ZD).

IMPACT OF AN INFLAMMATORY
MICROENVIRONMENT ON THE ARYLAMINEMEDIATED INDUCTION OF PHASE I ENZYMES IN
HUMAN KERATINOCYTES.

J. Hennen, J. Clemens and B. Blömeke. Department of Environmental Toxicology,
University Trier, Trier, Germany.
Human skin may be exposed to monocyclic amines via skin painting, dark coloured
textiles and hair dyes. Exposure to para-phenylenediamine (PPD) or paratoluylenediamine (PTD) may lead to induction and elicitation of allergic contact
dermatitis. Many small molecules need activation by air oxidation (prehaptens) or
enzymatic processes (prohaptens) in order to bind to proteins. In this context we
previously found an induction of cyclooxygenases (COX) in HaCaT keratinocytes
by PPD (Moeller et al., 2008). This study concentrated on the impact of these
compounds on cytochrome P450 1 (CYP). Upon incubation of HaCaTs with 100
μM PPD we detected a translocation of the aryl hydrocarbon receptor (AhR) from
the cytoplasm to the nucleus. Both PPD and PTD induced cytochrome P450 1
(CYP) 1A1 and 1B1 mRNA and CYP1 activity in human keratinocytes. Knowing
that PPD also induces COX expression in HaCaT keratinocytes we studied the influence of free arachidonic acid (AA) on the observed CYP1 induction in these
cells. In contrast to what has been found in various tissues we found no decrease of
CYP1A1 mRNA expression as well as CYP1 activity but rather an augmentation
under this inflammatory condition. We therefore conclude that AA or inflammatory conditions do not per se inhibit the metabolic potential of keratinocytes.
Reference: Moeller, R., Lichter, J. and Blomeke, B. (2008). Impact of paraphenylenediamine on cyclooxygenases expression and prostaglandin formation in
human immortalized keratinocytes (HaCaT). Toxicology 249, 167-75. Funding:
Deutsche Forschungsgemeinschaft, Germany (GRK 1319); Federal Office of
Public Health, Switzerland (07.005718).
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THE ROLES OF INTRONIC DNA ELEMENTS IN THE
REGULATION OF HUMAN MICROSOMAL EPOXIDE
HYDROLASE TRANSCRIPTION.

S. Su1, 2, Y. Xi1, 2 and C. Omiecinski2. 1Huck Institute of the Life Sciences, Penn
State University, University Park, PA and 2Center for Molecular Toxicology and
Carcinogenesis, Penn State University, University Park, PA.
Microsomal epoxide hydrolase (mEH, EPHX1) plays an important role in the
detoxification of xenobiotic epoxide intermediates generated by CYP450 enzymes.
However, it is also involved in the bioactivation of procarcinogens. Our laboratory
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discovered that transcription of the human mEH gene is initiated from two alternative promoters and the two resultant transcripts are denoted E1 and E1b, respectively. E1 is expressed selectively in liver, whereas E1b is expressed in all human tissues, including liver. Genome-wide mapping of DNase I hypersensitive (HS) sites
has documented the existence of two DNase HS regions intervening in the ~18 kb
separating E1 and E1b (ENCODE Project Consortium). In this study we characterized the two intronic DNA elements in cultured mammalian cells. Both elements stimulated the transcriptional activities when incorporated within an E1b
promoter-luciferase gene construct, indicating that both transcriptional enhancers
are functional. However, the enhancer activities of the two elements were cell-type
dependent. In HepG2 and A549 cells, both DNase I HS sites were functional while
in BEAS-2B cells, only the second site led to enhanced transactivation. In addition,
the two enhancers displayed differential responsiveness to Sulforaphane (SFN), a
dietary chemopreventive agent. Previously, we had observed that SFN induced
mEH gene expression from the alternative E1b promoter in both BEAS-2B and
HepG2 cells, although the molecular mechanisms responsible were unknown. The
positive effect of SFN on E1b promoter-driven luciferase activity was dependent
specifically on the presence of the more distal 2nd enhancer. Site-directed mutagenesis and overexpression of NRF2, the downstream target of SFN, confirmed that
the 2nd enhancer is necessary for SFN-induced activation of the E1b promoter.
The data obtained in the current study suggest that SFN stimulates E1b expression
by activating NRF2 interaction with the distal DNase I HS site/enhancer.

1536

CYTOCHROME P450 ENZYME EXPRESSION IN THE
RODENT BRAIN.

M. Stamou1, X. Wu2, I. Korwel2, H. Lehmler2 and P. J. Lein1. 1Molecular
Biosciences, University of California Davis, Davis, CA and 2Occupational &
Environmental Health, University of Iowa, Iowa City, IA.
Cytochrome P450 (CYP) enzymes play a critical role in the activation and detoxification of many neurotoxic chemicals. While much of the research on CYP-mediated metabolism of PCBs has focused on hepatic CYPs, there is growing interest in
the role of CYPs in anatomically and functionally distinct areas of the brain to influence neurotoxicity by modulating local levels of metabolites. As a first step in addressing this issue, we characterized CYP expression in the rodent brain. Sprague
Dawley rats were i.p. injected with vehicle, phenobarbital or dexamethasone, and
relative levels of specific CYP transcripts were measured in the hippocampus, cortex, cerebellum and liver under basal and induced conditions using quantitative
RT-PCR. Assays were developed for CYP2B1/2, CYP3A2 and CYP1A2, as well as
CYP4X1 (brain-selective CYP) and CYP2S1 (inducible by chemicals acting on the
aryl-hydrocarbon receptor). CYP3A2 was detected in the cortex, hippocampus and
cerebellum, whereas CYP1A2 was detected in the cortex only, and CYP2B1/2 was
not detected in any of the brain regions examined. Levels of CYP3A2 and CYP1A2
in the brain were significantly lower than levels observed in the liver. In contrast,
CYP4X1 is expressed more abundantly in the brain, compared to liver. CYP2S1
was detected in the brain at levels comparable to liver. Treatment with phenobarbital or dexamethasone did not induce expression of any CYP in the brain.
Interestingly, dexamethasone treatment induced CYP4X1 expression (6-fold) in
liver. This study is being repeated using C57BL/6 mice and preliminary data suggest that regional expression of these CYPs differs between rat and mouse brain. In
summary, our data confirm the presence in the rat brain of CYP mRNAs that metabolize neurotoxic chemicals, supporting the possibility that CYP enzymes expressed locally could have a role in the activation of neurotoxicants that reach the
brain. This work supported by NIH grants R01 ES017425 and P42 ES04699.

1537

METABOLISM OF 3-(3, 5-DICHLOROPHENYL)-2, 4THIAZOLIDINEDIONE (DCPT) IN RAT LIVER
MICROSOMES.

S. Ejaz, A. Azar, T. H. Rushmore and P. J. Harvison. Department of
Pharmaceutical Sciences, University of the Sciences in Philadelphia, Philadelphia, PA.
The glitazones were developed for the treatment of type II diabetes. A common feature in these drugs is a 2,4-thiazolidinedione (TZD) ring. Liver injury has occurred
following use of these drugs. The mechanism by which the glitazones exert toxicity
is controversial and unpredicted in animal models. In contrast, DCPT causes hepatic damage in rats. Our prior in vivo work has shown that CYP-mediated metabolic activation of DCPT is necessary for hepatic damage to occur. DCPT may also
undergo hydrolysis to [[(3,5-dichlorophenyl)amino]carbonyl]thioglycolic acid
(DCTA). DCTA can further degrade into 3,5-dichlorophenyl isocyanate (DPI). To
investigate the metabolism of DCPT experiments using rat liver microsomes were
conducted. Incubations contained rat liver microsomes (4 mg/ml), 50 mM sodium
phosphate buffer (pH 7.3), glutathione (5 mM) and DCPT (200 μM). After preincubation the reactions were started by the addition of NADPH (4 mM) or an
NADPH-generating system. Control incubations were performed in the absence of
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cofactor. Additional experiments were conducted by boiling the microsomes before
use or by using the CYP inhibitors SFK525A (50 μM) and 1-aminobenzotriazole
(ABT, 1 mM). Samples were analyzed using reversed phase HPLC with a water-acetonitrile isocratic elution profile. Metabolites were quantified based on comparison
to standard curves. We found that the concentrations of DCTA and DPI in the incubations increased with time. DPI was not detected in the control incubations or
when boiled microsomes were used. In comparison, there was a trend toward increased production of DCTA when the cofactor was omitted compared to complete
incubations. ABT potently blocked DPI formation, whereas SKF525A partially inhibited (ca. 50%) formation of this metabolite. The CYP inhibitors had little effect
on DCTA formation. Our results suggest that both CYP-mediated and hydrolytic
metabolism of DCPT occurs in rat liver microsomes. The toxicological relevance of
these findings requires further investigation. Supported by PHS grant ES012499.
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CYP1B1-DEFICIENCY PROMOTES THE DYSGENESIS
OF TRABECULAR MESHWORK THROUGH
ENHANCED OXIDATIVE STRESS.

Y. Zhao1, C. Sorenson2 and N. Sheibani1, 3. 1, University of Wisconsin-Madison,
Madison, WI, 2Pediatrics, University of Wisconsin-Madison, Madison, WI and
3Pharmacology, University of Wisconsin-Madison, Madison, WI.
Cytochrome P450 1b1 (Cyp1b1) is a member of the cytochrome P450 super family of mono-oxygenase proteins. Although mutations in Cyp1b1 gene have been reported in patients with congenital glaucoma, the role Cyp1b1 plays in the development and function of trabecular meshwork (TM) remains unknown. Here we have
determined the impact of Cyp1b1 deficiency on TM cell function. Primary cultures
of TM cells were prepared from Cyp1b1+/+ and Cyp1b1-/- mice. Expression of several proteins was used to confirm the identity of these cells as TM cells. The constitutive and inducible expression of Cyp1b1 protein was confirmed by Western blotting. The rates of apoptosis and survival, under both basal and oxidative challenge,
were determined using caspase 3/7 and MTS assays. Dihydroethidium (DHE)
staining was used to determine the level of intracellular oxidative stress in Cyp1b1/- and Cyp1b1+/+ TM cells. The adhesion to various matrix proteins and cell contractility were also evaluated. Cyp1b1-/- TM cells exhibited a significantly higher
level of DHE staining compared to Cyp1b1+/+ TM cells indicating enhanced oxidative stress in the absence of Cyp1b1. There was a significant decrease in the survival and increase in the apoptosis rate of Cyp1b1-/- TM cells incubated with hydrogen peroxide compared to Cyp1b1+/+ TM cells. This was alleviated by
administration of N-acetylcysteine (NAC), a potent antioxidant. Furthermore,
Cyp1b1-/- TM cells exhibited a significant increase in adhesion to various matrix
proteins, which was reversed in presence of NAC. In addition, Cyp1b1-/- TM cells
lost their ability to contract collagen compared to Cyp1b1+/+ TM cells. Thus, the
lack of metabolic activity of Cyp1b1 may contribute to enhanced oxidative stress of
TM cells with significant impact on their adhesive and contractile properties. In addition, our data suggest that the enhanced oxidative stress in the absence of Cyp1b1
may have a significant impact on the structural organization of TM tissue in vivo.
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EXPLORATION OF THE METABOLITES OF
POLYBROMINATED DIPHENYL ETHERS AND
RELATED METABOLIC ENZYMES.

S. Wang1, H. Dong1, Z. Zhang1, G. Xu2, X. Wang1, J. Zhou1 and X. Wang1.
1School of Public Health, Nanjing Medical University, Nanjing, China and 2School of
Pharmacy, Nanjing Medical University, Nanjing, China.
Objectives: To explore the major metabolites of Polybrominated diphenyl ethers
(PBDEs and their related cytochrome P450s (CYPs) in an in vitro system.
Methods: Rat primary hepatocytes were isolated and treated with three prominent
PBDE congeners BDE-47, BDE-99 or BDE-153 for 24–72 hrs, metabolites were
then extracted and detected by GC/MS analysis, and the gene expression levels of
some CYPs were determined using quantitative real-time RT-PCR. In addition, the
recombinant human CYPs were expressed in a bacurovirus/sf9 system, and then
were further to explore the metabolism of the PBDEs in vitro. The parent depletion
approach was used for screening the ability of CYPs to eliminate these compounds,
and also the molecular docking software was used to calculate the bioactivity of
them towards CYPs.
Results: Two hydroxylated metabolites 3-OH-BDE-47 and 5-OH-BDE-47 were
observed from the BDE-47 treated rat hepatocytes, three metabolites, 2, 4, 5-tribromophenol, 5-OH-BDE-47 and 5’-OH-BDE-99, were identified from the
BDE-99 treated cells whereas no metabolites was detected in the cells exposed to
BDE-153. Real-time RT-PCR analysis showed that CYP 3A23/3A1, CYP 1A2, and
CYP 2B1/2 were significantly induced by BDE-47, BDE-99 and BDE-153, espe-

cially the CYP3A13/3A1. Furthermore, using the heterological expressed human
CYP proteins in the PBDEs metabolism in vitro, CYP1A2 and CYP3A4 showed
the highest metabolic efficiency and the metabolic clearance, respectively, CYP1A1
and CYP2B6 displayed the low clearance. However, CYP2A13 and CYP2E1
seemed not to be associated with the PBDEs metabolism. Also, the docking calculations showed the similar results.
Conclusions: Our study demonstrated that the hydroxylated PBDEs might be their
major metabolites and human CYP3A4 and CYP1A2 should be involved in the
PBDEs metabolism.

binding site in the CYP4V2 mRNA 3’UTR. Interestingly, mir-146b expression has
been found to be up-regulated by Resolvin D1, a docosanoid signaling molecule involved in acute inflammation. This raises the question of what role CYP4V2 may
have in docosanoid signaling pathways in healthy individuals and the effects of
CYP4V2 mutations in BCD patients.
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IN VITRO REGULATION OF HUMAN CYP3A4 MRNA
AND ENZYME ACTIVITY BY DIETHYLSTILBESTROL:
COMPARISON TO PERSISTENT ORGANIC
POLLUTANTS (POPS).

J. G. Lamb1, J. Raucy3, C. Peterson2 and M. R. Franklin1. 1Pharmacology and
Toxicology,, Salt Lake City, UT, 23Obstetrics and Gynecology, University of Utah,
Salt Lake City, UT and 3Puracyp Inc., Carlsbad, CA.
Rational: The human pregnane X receptor (PXR) has been proposed as a xenosensor of endocrine disrupting chemicals. Alterations in CYP3A4 expression may affect endocrine function by altering steroid hormone metabolism. DPX2 cells (a
human hepatic cell line) contain the human PXR coding sequence and a portion of
the human CYP3A4 gene promoter region containing a PXR DNA response element connected to firefly luciferase reporter gene. We compared the effect of diethylstilbestrol (DES), a known endocrine disrupting chemical (EDC), on the regulation of human CYP3A4 gene expression and enzyme activity in DPX2 cells with
the effects of persistent organic pollutants (POPs).
Experimental Procedures: DPX2 cells were treated with DES and the induction of
CYP3A4 mRNA was determined by quantitative real-time PCR. DPX2 cells were
also treated with POPs including o,p-DDT, p,p-DDT, p,p-DDE, polychlorinated
biphenyl mixture (aroclor 1254), lindane (γ-hexachorcyclohexane). Human
CYP3A4 enzyme activity and inhibition was determined using luciferin-IPA a
CYP3A4 selective substrate (Promega Corp.).
Data: DES increased human CYP3A4 mRNA (three fold) and enzyme activity
(two fold) at 10 μM in DPX2 cells. DES also inhibited CYP3A4 enzyme activity.
Treatment of DPX2 cells with the POPs o,p-DDT, p,p-DDT, p,p-DDE, aroclor
1254, and lindane caused an increase in CYP3A4 enzyme activity (two to three
fold) at concentrations similar to DES.
Conclusions: DES caused increased expression of human CYP3A4 mRNA and enzyme activity in DPX2 cells containing the human PXR. DES is also an inhibitor of
CYP3A4 enzyme activity. POPs o,p-DDT, p,p-DDT, p,p-DDE aroclor 1254, and
lindane also caused an increase in CYP3A4 enzyme activity in DPX2 cells, indicating that POPs can also alter human CYP3A4 expression, and support the role of the
pregnane X receptor as a xenosensor for endocrine disrupting chemicals.
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SCREENING FOR MICRORNA REGULATORS OF THE
ORPHAN P450, CYP4V2.

K. A. Okialda1, T. K. Bammler2, R. P. Beyer2, F. M. Farin2 and E. J. Kelly1.
1Pharmaceutics, University of Washington, Seattle, WA and 2Center for Ecogenetics
and Environmental Health, University of Washington, Seattle, WA.
Cytochrome P450 4V2 (CYP4V2) is a gene linked to the ocular disease Bietti’s
Crystalline Dystrophy (BCD). Sequence analysis of CYP4V2 in BCD patients
identified potentially disruptive exonic and intronic mutations. Patients with BCD
have characteristic crystalline deposits in the cornea and retina, degeneration of the
retinal pigmented epithelium and sclerosis of the choroidal capillaries. Visual defects in BCD progress from nyctalopia to eventual blindness. In addition to vision
loss, BCD patients exhibit crystalline deposits in fibroblasts and lymphocytes and
alterations in plasma fatty acids. Enzymes of the CYP4 family are associated with
metabolism of endogenous substrates, including ω-hydroxylation of fatty acids;
CYP4V2 is also a ω-hydroxylase of fatty acids, including docosanoids. While
progress has been made in determining the activity and function of CYP4V2, regulation of its expression has not been well-examined. Amongst the 57 CYP genes in
humans, CYP4V2 stands out with regard to the length of the transcript 3’ UTR,
extending over 2.8 kb in comparison to 1.6 kb of coding sequence. This led to the
hypothesis that CYP4V2 may be subject to epigenetic regulation by microRNAs.
To test this hypothesis, we selected human liver samples from the UW Liver Bank
that had highest and lowest CYP4V2 mRNA and subjected them to microRNA
microarray analysis (n=6 per group). We identified miR-146b-5p to be over-expressed in liver samples with lower CYP4V2 mRNA, a miRNA that has a potential

CATALYTIC FUNCTION OF YEAST-EXPRESSED BAIKAL
SEAL CYP1A1, 1A2 AND 1B1 PROTEINS.

H. Iwata1, K. Yamaguchi1, E. Kim2 and A. Kubota3. 1Center for Marine
Environmental Studies, Ehime University, Matsuyama, Japan, 2Department of Life
and Nanopharmaceutical Science and Department of Biology, Kyung Hee University,
Seoul, Republic of Korea and 3Biology Department, Woods Hole Oceanographic
Institution, Woods Hole, MA.
Our previous studies have shown that hepatic cytochrome P450 (CYP) 1A1, 1A2
and 1B1 are induced by the accumulation of dioxins and related compounds in
wild Baikal seals (Pusa sibirica). However, the catalytic functions of these Baikal seal
(BS) CYP1s have not yet been characterized. The present study, therefore, attempted to analyze the catalytic activities of alkoxyresorufin O-dealkylase (AROD)
including methoxyresorufin- (MROD), ethoxyresorufin- (EROD), pentoxyresorufin- (PROD) and benzyloxyresorufin-O-dealkylase (BROD) by yeast-expressed
BS CYP1A1, 1A2 and 1B1 proteins. Complementary DNAs of these BS CYP1s
were inserted into a yeast expression vector, pYES-DEST52, and the vector was
transfected to yeast cells. The expressions of BS CYP1A1, 1A2 and 1B1 proteins
were confirmed by the reduced CO-difference spectra and by immunoblotting
using the respective anti-human CYP1 monoclonal antibodies. The recombinant
BS CYP1A1 protein showed the highest activity of EROD, followed by MROD,
PROD and BROD. The AROD profile was similar to those of human CYP1A1.
The kinetics analysis showed that the Vmax/Km ratios of all AROD activities catalyzed by BS CYP1A1 were lower than those by human CYP1A1, suggesting less
efficient metabolic potential of BS CYP1A1. The enzymatic assay by BS CYP1A2
showed no or minimal AROD activities, while human CYP1A2 displayed higher
activities for MROD and EROD. The result indicates lower contribution of BS
CYP1A2 to AROD activities. BS CYP1B1 showed a similar AROD profile to
human CYP1B1 (EROD > BROD > MROD >> PROD), but the Vmax/Km ratios of
all the AROD activities by BS CYP1B1 were higher than those by human CYP1B1,
indicating that BS CYP1B1 may have a greater metabolic capacity than human
CYP1B1. The present study reveals that BS CYP1s have distinct metabolic capacities from human CYP1s.
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COMPARATIVE CYP AND UDPGLUCURONOSYLTRANSFERASE mRNA EXPRESSION
IN LIVER AND INTESTINE AND THEIR INDUCIBILITY
BY PHENOBARBITAL AND A SELF MICRO EMULSION
DRUG DELIVERY SYSTEM (SMEDDS).

F. Goldfain-Blanc, N. Sajot, C. Veau, H. Bertheux, R. J. Weaver and N.
Claude. Drug Safety, Servier, Gidy, France.
Many xenobiotics can affect Phase I and Phase II drug-metabolizing enzyme activity through directly or indirectly modulating transcription and subsequent translation to the protein. This effect on transcription may occur with a drug itself, but
also with vehicles used to formulate drugs in non-clinical studies, particularly where
vehicle includes components aimed to enhance drug solubility and bioavailability.
The purpose of this study was to assess the effects of a Self Micro Emulsion Drug
Delivery System (SMEDDS), comprising a mixture of Capryol
90/TranscutolTM/CremophorTM ELP (13/28/59, w/w/w), on the mRNA expression of selected UDP-Glucuronosyltransferases (Ugt) and cytochrome P450s
(CYPs) in the rat duodenum, ileum and liver. Wistar rats were administered p.o.
SMEDDS (4ml/kg/day), Phenobarbital (PB, 80 mg/kg/day) or purified water for 7
days. At the end of the study, the liver and the intestinal mucosa from duodenum
and ileum were collected for RNA extraction and transcriptomic profiling. mRNA
levels of 3 CYPs and 16 Ugt family genes were assessed by real time qPCR with
Taqman Low Density Array (TLDA). Basal expressions of CYPs/Ugts were similar
between duodenum and ileum, except for Cyp2b1 and Ugt2b7 which were more
expressed in the ileum and duodenum, respectively. When comparing liver and
duodenum or ileum basal expressions, Ugt2b showed higher, and Ugts 1a2, 1a7
and 1a8 showed lower expression in liver compared to intestines. The SMEDDS
treatment mainly down-regulated gene transcription at the intestinal level, mainly
for Cyp1a1 in the duodenum, Cyp2b1 and 6 Ugt genes in the ileum (Ugts 1a2,
1a5, 2a3, 2b36, 2b37 and 2b5). In contrast, PB up-regulated the mRNA levels of
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Cyp2b1, Cyp1a1, Cyp3a1 and several Ugts in the liver and/or duodenum, and was
not associated with overt changes in the ileum. These results show that a SMEDDS
can modulate drug-metabolizing enzymes and potentially influence pharmacokinetic or toxicological profiles of the carried drug.

1546

CONTRIBUTIONS OF ESTERASES AND CYP P450 3A
ENZYMES TO THE METABOLISM OF
BECLOMETHASONE DIPROPIONATE WHEN
TREATING ASTHMA.

J. K. Roberts, C. D. Moore, C. A. Reilly and G. S. Yost. PHTX, University of
Utah, Salt Lake City, UT.

1544

IN UTERO BISPHENOL A EXPOSURE ALTERS PHASE II
METABOLIZING ENZYME EXPRESSION IN HUMAN
FETAL LIVER TISSUE.

M. S. Nahar and D. C. Dolinoy. Environmental Health Science, University of
Michigan, Ann Arbor, MI.
Proper establishment of molecular pathways, including xenobiotic metabolism and
transport processes, during critical windows of development is necessary for the
body’s adaptation to environmental change. Developmental exposures may alter the
establishment of these essential pathways and thereby influence disease susceptibility later in life. In this study, we evaluated human fetal hepatic expression of phase
I and phase II drug metabolizing enzymes using SABiosciences Drug Metabolism
RT2 Profiler PCR Arrays in relation to bisphenol A (BPA) exposure. Exposure to
BPA, a ubiquitous endocrine active compound found in polycarbonate plastics and
epoxy resin, is a growing public health concern especially among pregnant women
and children. Herein, healthy 1st and 2nd trimester fetal liver samples obtained
from the University of Washington Laboratory of Developmental Biology were analyzed for free and glucuronide-conjugated BPA tissue concentrations, and dichotomized into low and high BPA groups based on median BPA levels within the
cohort. When we compared samples measuring high BPA levels to samples with
low BPA levels (N=4 per group), only phase II metabolizing enzymes exhibited differential expression. The high BPA group displayed greater than two-fold reduction
in expression of several metabolizing enzymes including carboxylesterase (CES7, pvalue: 0.026; CES2, p-value: 0.034), catechol-o-methyltransferase (COMT, pvalue: 0.037), and glutathione s-transferase (GSTA5, p-value: 0.025). Interestingly,
phase II enzymes essential for BPA detoxification such as sulfotransferase
(SULT1B1, p-value: 0.026; SULT2A1, p-value: 0.025) and glucuronyltransferase
(UGT1A9, p-value: 0.025; UGT1A10, p-value: 0.028) also demonstrated reduced
expression within the high BPA group. Validation of these genes in a larger sample
adjusting for gestational age, sex, and environmental exposure will provide insight
into the development of the xenobiotic metabolism system and its contribution to
toxicity in sensitive populations.

Asthma causes chronic inflammation of the airways, bronchoconstriction, increased mucus production and occasional airway obstruction. As of 2009, 24.6 million people were reported with asthma; 7 million of those patients under the age of
18. The mainstay treatments for asthma are inhaled glucocorticoids which act on
the glucocorticoid receptor in the lung to decrease gene expression of inflammatory
agents and mucus production. Although these treatments are effective for many,
about 30% of patients do not respond to treatment. Beclomethasone dipropionate
(BDP) is administered as an ester pro-drug. Esterases in the lung cleave an ester to
form the biologically active beclomethasone 17-monopropionate. 3A enzymes also
metabolize BDP, facilitating its clearance. Therefore, it is possible that differences in
metabolism by either esterases or CYP3A enzymes regulate the efficacy of BDP. The
goal of this study was to determine the kinetics of BDP metabolism by CYP3A4, 5
and 7 and to measure the effects of BDP treatment on cellular expression of these
genes. Recombinant P450 incubations were performed and analyzed using
LC/MS/MS to measure the disappearance of the parent compound and formation
of the de-esterified, hydroxylated and dehydrogenated metabolites. The de-esterified product was of particular interest due to its electrophilic nature and possible
toxicities. Preliminary results suggest 3A4 and 3A5 metabolized BDP at similar
rates to produce de-hydrogenated and hydroxylated products, but BDP was not
metabolized by 3A7. Treatment of A549, BEAS-2B and primary cells cultured from
tracheal aspirates of ventilated pediatric patients showed treatment with BDP induced the transcription of CYP3A5, but not 3A4 or 3A7. Collectively, the results
suggest that the metabolism of BDP by CYP3A enzymes represents an important
clearance pathway for BDP. The individual differences in the expression of these enzymes may correlate with variable efficacy for BDP. Funding: NICHD HD060559
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EXPRESSION AND FUNCTIONAL
CHARACTERIZATION OF HEPATIC MU-CLASS
GLUTATHIONE S-TRANSFERASES FROM TURKEYS
(MELEAGRIS GALLOPAVO) AND THEIR ROLE IN
DETOXIFICATION OF AFLATOXIN B1.

B. R. Bunderson1, A. Croasdell1, J. Kim1, K. M. Reed2 and R. A. Coulombe1.
1Veterinary Sciences, Toxicology Graduate Program, Utah State University, Logan, UT
and 2Veterinary Sciences, University of Minnesota, St. Paul, MN.

1545

IN SILICO DOCKING OF POLYCHLORINATED
BIPHENYLS WITH CYTOCHROME P450 2A, 2B, AND
2C FROM THE BAIKAL SEAL (PUSA SIBIRICA).

J. Yoo1, M. Hirano1, E. Kim2 and H. Iwata1. 1Center for Marine Environmental
Studies (CMES), Ehime university, Matsuyama, Japan and 2Department of Biology,
Kyung Hee University, Seoul, Republic of Korea.
Cytochrome P450 2 family (CYP2) enzymes play important roles in a variety of
physiological and toxicological processes in animals. CYP2 genes are highly diverse
and exhibit broad substrate specificities among species. It is also known that
CYP2B and 2C genes are transactivated by phenobarbital-type chemicals and POPs
in some mammalian models. Hence, knowledge on the molecular characterization
of CYP2 genes in a variety of animals is necessary for our understanding of the evolution and functional divergence of these genes. However, the sequences and catalytic functions of CYP2 genes in aquatic mammals have not yet been characterized. This study aims at providing more information on CYP2 genes in Baikal seals
which were found to accumulate high levels of POPs. The isolated cDNAs of Baikal
seal CYP2A, 2B, and 2C encoded proteins containing 494 (molecular weight:
56.8kDa), 494 (56.3kDa), and 490 (55.5kDa) amino acids, respectively.
Comparisons of the deduced amino acid sequences of these CYPs with those of
other mammalian CYP2 genes showed that the Baikal seal CYP2 amino acid sequences were most closely related to those of dog CYP2s. Using the Baikal seal
CYP2 amino acid sequences, in silico homology models of these CYP2 proteins
were constructed based on the protein crystal structures of human CYP2A6
(1Z10), rabbit CYP2B4 (1SUO) and human CYP2C9 (1R90) from the Protein
Data Bank. Some of polychlorinated biphenyl congeners (PCBs) were docked into
the binding pockets of the three CYP2 proteins using the Molecular Operating
Environment (MOE) Program. The distance between the heme iron and the predicted hydroxylation site of each PCB was measured and the metabolic capacities of
PCBs by Baikal seal CYP2s were estimated. Collectively, these in silico analyses suggest that Baikal seal CYP2A and 2B proteins may more efficietly metabolize ortho
chlorine substituted PCBs than CYP2C.
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Turkeys are extremely sensitive to aflatoxin B1 (AFB1), putatively due to a deficiency of hepatic glutathione S-transferase (GST) mediated conjugation of exoaflatoxin B1-8-9-epoxide (AFBO), formed primarily by cytochromes P450 1A5
and 3A37. Due to the importance of GSTs in species susceptibility, we cloned and
expressed hepatic mu-class tGSTs (tGSTM3, tGSTM4; GenBank JF340152,
JF340153) in a heterologous system from turkeys. Predicted molecular weights of
tGSTM3 and tGSTM4 were 25.6 and 25.8 kDa, respectively. Multiple sequence
comparisons revealed four mu-class motifs and the mu-loop in both proteins.
tGSTM4 has 89% amino acid sequence identity to chicken GSTM2, while
tGSTM3 has 73% sequence identity to human GSTM3. Specific activities of E.
coli expressed tGSTM3 toward 1-chloro-2,4-dinitrobenzene (CDNB) and peroxidase activity toward cumene hydroperoxide was five- and two-fold greater, respectively, than tGSTM4, while, tGSTM4 possessed more than three-fold greater activity toward 1,2-dichloro-4-nitrobenzene (DCNB). The two enzymes displayed
equal activity toward ethacrynic acid (ECA). Importantly, neither of the tGSTMs
had measurable activity towards AFBO, suggesting that tGSTMs play no role in
AFB1 detoxification in turkeys. Supported in part by NRI Competitive grant
2007-35205-17880.
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PREDOMINANT ROLE OF CYP2B6 IN THE OXIDATIVE
METABOLISM OF BDE-99 IN HUMAN LIVER
MICROSOMES.

C. Erratico and S. Bandiera. Faculty of Pharmaceutical Sciences, University of
British Columbia, Vancouver, BC, Canada.
Polybrominated diphenyl ethers (PBDEs) are persistent, bioaccumulative, and
toxic environmental pollutants frequently detected in human samples. The purpose
of this study was to investigate the oxidative metabolism of 2,2’,4,4’,5-pentabromodiphenyl ether (BDE-99), the major component of a widely used commercial
PBDE mixture, by human liver microsomes and to determine the cytochrome

P450 (CYP) enzymes involved. Using liquid chromatography/mass spectrometry
(LC/MS), we had previously identified formation of four hydroxylated metabolites
when BDE-99 was incubated with human liver microsomes. Using a more sensitive
LC/MS instrument, we now report that BDE-99 was biotransformed by human
liver microsomes to three major (5’-OH-BDE-99, 2,4,5-tribromophenol (2,4,5TBP) and 4’-OH-BDE-101) and three minor (4-OH-BDE-90, 6’-OH-BDE-99
and 2-OH-BDE-123) oxidative products. Rates of formation of major and minor
metabolites ranged between 25 and 45 and between 0.5 and 2.5 pmol/min/mg protein, respectively. In addition, one di-OH and four other mono-OH-penta-BDE
metabolites of BDE-99 were detected but their structures were not elucidated because of the lack of authentic standards. Incubations with 4-OH-BDE-90, 5’-OHBDE-99, 6’-OH-BDE-99 or 2-OH-BDE-123 in place of BDE-99 showed that
2,4,5-TBP, but not the di-OH metabolite of BDE-99, was produced from 5’-OHBDE-99, 6’-OH-BDE-99 and 4’-OH-BDE-101. Using a panel of 15 recombinant
CYP enzymes, CYP2B6 was found to be the only CYP enzyme to catalyze the formation of all the hydroxylated metabolites of BDE-99 formed in human liver microsomes. Formation of BDE-99 hydroxylated metabolites is of toxicological concern as recent in vitro studies shown that several hydroxy PBDEs including some of
the human hepatic BDE-99 metabolites identified in the present study inhibit endogenous metabolism of thyroid and steroid hormones more potently than the parent PBDEs.
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TISSUE DISPOSITION AND ELIMINATION OF 4CHLOROBIPHENYL METABOLITES AS FREE
PHENOLS, GLUCURONIDE OR SULFATE
CONJUGATES IN SERUM, URINE AND FECES.

K. Dhakal1, 2, H. J. Lehmler1, 2, L. M. Teesch3 and R. W. Larry1, 2.
1Interdisciplinary Graduate Program in Human Toxicology, University of Iowa, Iowa
City, IA, 2Occupational and Environment Health, University of Iowa, Iowa City, IA
and 3High Resolution Mass Spectrometry Facility, University of Iowa, Iowa City, IA.
4-Chlorobiphenyl (PCB3) is rapidly metabolized by cytochrome P-450 enzymes to
mono and dihydroxylated metabolites. Further, dihydroxylated metabolites undergo autooxidation or oxidation by peroxidases producing reactive quinones.
These electrophilic agents generate reactive oxygen species and can also form
adducts with nucleophilic centers, such as N7 guanine in DNA or thiols in proteins, resulting into oxidative stress and toxicity. This study is aimed at determining
how much of the PCB3 is actually converted to quinone precursors and eliminated
from the body. Male Sprague Dawley rats weighing 220-240 g were housed in metabolism cages and given a single intraperitoneal injection of PCB3 at a dose of 600
μmole/kg body weight in corn oil. Fecal and urine samples were collected every 6
hours for 24 hours and serum was collected at the time of necropsy. Samples were
incubated with glucuronidase or sulfatase to estimate free and conjugated phenols.
Phenolic metabolites were extracted by Supported-Liquid-Extraction chromatography and analyzed by LC-MS. We found that excretion in the form of free and conjugated phenols reached maximum within 24 hours of exposure by eliminating
70% of dose in feces and 1% in urine. Three quinone precursors, including 4’-hydroxy-4-chlorobiphenyl (4’-OH-PCB3), 3’-hydroxy-4-chlorobiphenyl (3’-OHPCB3) and 2’-hydroxy-4-chlorobiphneyl (2’-OH-PCB3) were identified. 4’-OHPCB3 was a major metabolite and its sulfate conjugate was predominantly higher
in serum and urine. (Supported by P42ES013661)
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EVALUATION OF DRUG METABOLIZING ENZYME
AND TRANSPORTER GENE EXPRESSION IN THE
LIVER AND KIDNEY DURING POSTNATAL
DEVELOPMENT OF THE RAT USING AFFYMETRIX
MICROARRAYS.

L. McLean1, M. Youreneff1, S. Juelch1, F. Nanna1, D. Beckman1, S. Chibout2,
P. Moulin2 and F. Bolgnani2. 1Preclinical Safety, Novartis Institutes for Biomedical
Research (NIBR), East Hanover, NJ and 2Preclinical Safety, NIBR, Basel,
Switzerland. Sponsor: D. Lapadula.
There are substantial changes in expression of drug metabolizing enzymes that
occur during maturation that can have a profound impact on drug pharmacokinetics and pharmacodynamics in the juvenile compared to adult. To further understand these changes, we collected liver and kidney from juvenile rats at different
stages of postnatal development to evaluate changes in expression using Affymetrix
whole genome microarrays (Rat230 2.0). Tissues were collected from untreated animals at postnatal days 7, 14, 22, 29 and 36, using 5 males and 5 females per group.
Tissues from adult animals at 14 weeks of age were used for comparison. Analysis
was primarily focused upon the Phase I and Phase II drug metabolizing enzymes as
well as Phase III drug transporters. In the liver, there was a significant age-dependent increase in a number of metabolizing enzymes, including the rat homologs to

human CYP2D6, CYP2C19 and CYP1A2 which were up-regulated in both males
and females and the CYP2C19 homolog which was up-regulated over time in males
only. Changes in expression were also noted in the liver for a number of common
drug transporters such as MDR1, OCT1 and OAT2. In the kidney, there was a significant increase in most of the tubule-expressed metabolizing enzymes and transporters as nephrogenesis progressed over time. As with the liver, there were several
genes that were regulated in a gender-dependent fashion, showing selective increased or decreased expression over time. This sexual dimorphism, which is rodent-specific, could be clearly visualized by principle component analysis, with divergence of the sexes occurring between postnatal days 22 and 29 in both liver and
kidney. Results from this study support a better understanding of the effects of age
on drug PK/PD which have implications in juvenile toxicity studies as well as potential impact for pediatric indications.

1551

17α-ETHINYESTRADIOL ALTERS BENZO(A)PYRENE
TOXICITY IN ZEBRAFISH HEPATOCYTES.

S. Tang1, E. G. Notch2, Q. Cai1, K. Germ1 and G. D. Mayer1. 1The Institute of
Environmental and Human Health, Texas Tech University, Lubbock, TX and
2Department of Physiology, Dartmouth Medical School, Hanover, NH.
Pharmaceutical hormones and other xenoestrogens elicit various deleterious effects
on aquatic fauna. Previous research has shown that one such xenoestrogen, 17αethinylestradiol (EE2), can impact hepatic NER in zebrafish and inhibit CYP1A1
in zebrafish and rainbow trout hepatocytes. This suggests that fish exposed to xenoestrogens may be more susceptible to mutagens, such as polycyclic aromatic hydrocarbons or polychlorinated biphenyls, that form bulky DNA adducts that are
repaired by NER pathways. Because exposures to complex mixtures of toxicants are
common in aquatic environments, we examined whether EE2 alters BaP toxicity
via interference with BaP metabolism due to suppression of CYP1 activities and/or
hindrance of adduct repair due to inhibition of NER processes. We examined this
by determining the effects of EE2 on the hepatic CYP1 expression in zebrafish with
or without BaP exposure and elucidating how EE2 alters abundance of genomic
BPDE-DNA adducts. Here we show that BaP alone induced CYP1C1, while EE2
decreased CYP1 family transcripts. When co-exposed, EE2 partially suppressed
BaP induction of CYP1C1. DNA adducts were measured in zebrafish liver (ZFL)
cells that were exposed to EE2 for 22h, and then 2h co-incubated with (±)-antiBPDE (which was applied to avoid the interference of EE2 with phase I metabolism of BaP). After 2h of mutagen exposure, ZFL cells co-exposed to EE2 exhibited
higher adduct levels than those exposed to BPDE alone. These findings have significant implications for aquatic organisms living in contaminated environments and
indicate that EE2 exposure can potentiate toxicities of BaP by inhibiting transcription of CYP1 genes and by hindering NER-mediated removal of BPDE DNA
adducts.

1552

FORMATION AND STRUCTURAL
CHARACTERIZATION OF A CATECHOL-O-SULFATE
METABOLITE OF BENZO(A)PYRENE-7, 8-DIONE IN
THREE HUMAN LUNG CELLS.

L. Zhang, M. Huang, I. A. Blair and T. M. Penning. Centers of Excellence in
Environmental Toxicology and Cancer Pharmacology, Department of Pharmacology,
Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA.
Benzo(a)pyrene (B(a)P), a representative polycyclic aromatic hydrocarbon, is a
ubiquitous environmental pollutant which occurs in tobacco smoke and residues of
fossil fuel combustion. Metabolic activation of the proximate carcinogen B(a)P7,8-trans-dihydrodiol by aldo-keto reductases (AKRs) leads to B(a)P-7,8-dione that
is electrophilic and redox-active. B(a)P-7,8-dione also enters into futile redox-cycles
with B(a)P-7,8-catechol to generate reactive oxygen species that leads to oxidative
DNA damage in human lung cells. Sulfation of the B(a)P-7,8-catechol by human
sulfotransferases (SULTs) is one Phase II metabolic pathway that may intercept
B(a)P-7,8-catechol and prevent redox cycling. We investigated the occurrence of
this pathway in human bronchoalveolar H358 cells, human lung adenocarcinoma
A549 cells, and immortalized human bronchial epithelial HBEC-KT cells following treatment of B(a)P-7,8-dione for 24 h. A monosulfate conjugate of B(a)P-7,8catechol was detected in the medium from each cell line using HPLC-UV and LCMS/MS. An authentic metabolite standard was synthesized with homogeneous
human recombinant SULT1A3, subsequently purified by HPLC and characterized
by 1D, 2D [1H]- NMR and [13C] NMR. The chemical structure of the major cellular metabolite was identified to be 8-hydroxy-B(a)P-7O-sulfate. It is concluded
that human SULTs may play a critical role in the detoxification of B(a)P-7,8-dione
in lung cells [Supported by P30-ES013508 and 1R01-CA-39504 awarded to
TMP].
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DEVELOPMENT OF A MURINE IN VITRO BIOASSAY
TO ASSESS PLACENTAL BIOTRANSFORMATION OF
GENOTOXICANTS.

M. J. Wilson and J. Wickliffe. Global Environmental Health Sciences, Tulane
Univeristy School of Public Health and Tropical Medicine, New Orleans, LA.
The placenta plays a critical role in mammalian development. Syncytiotrophoblast
cells, located within placental tissue, represent the metabolically active cellular barrier between maternal and fetal blood supplies. These cells are largely responsible
for nutrient and waste exchange between the developing embryo and mother.
Synctiotrophoblasts, acting much like a competent fetal liver, are also capable of
biotransforming a number of exogenous chemicals and environmental contaminants. Understanding the role of bioactivation and detoxification of these potentially dangerous compounds is important in preventing fetal toxicity, developmental defects, and adult-onset diseases. The purpose of our current research is to
develop an ex-vivo bioassay, derived from healthy tissue, to assess the role of metabolic bioactivation in placental genotoxicity. Conditions for inducing the differentiation of committed murine trophoblasts from extraembryonic tissue towards syncytiotrophoblast-like cells in culture have been developed. The temporal expression
patterns of several components of the PHASE I and II biotransformation systems in
differentiated and undifferentiated trophoblast stem-like cells have been determined with RT-PCR. Our studies show differential expression of NAD(P)H dehydrogenase, quinone 1 (Nqo1), Aryl hydrocarbon receptor (AhR), ATP-binding cassette, sub-family B (MDR/TAP), member 1A (Abcb1a), and glutathione
S-transferase, mu 1 (Gstm1) in differentiated versus undifferentiated cell populations. Expression of cytochrome P450, family 1, subfamily A, polypeptide 1
(Cyp1a1), cytochrome P450, family 2, subfamily a, polypeptide 4 (Cyp2a4), epoxide hydrolase 1 (Ephx1), and glutathione S-transferase theta 1 (Gstt1) was detected
in both differentiated and undifferentiated cells. These observations will be used as
a foundation to guide appropriate time frames for exposure studies involving environmentally relevant genotoxic chemicals and their metabolites.

1554

POSTNATAL ADMINISTRATION OF THE
CYTOCHROME P450 (CYP)1A INDUCER, BETANAPHTHOFLAVONE (BNF), ATTENUATES HYPEROXIC
LUNG INJURY IN NEWBORN WILD-TYPE AND CYP1A2
MICE: IMPLICATIONS FOR BRONCHOPULMONARY
DYSPLASIA (BPD).

X. I. Couroucli, Y. W. Liang, L. Wang, W. Jiang and B. Moorthy. Pediatrics,
Baylor College of Medicine, Houston, TX.
Supplemental oxygen administration is frequently administered to preterm and
term infants having pulmonary insufficiency. However, prolonged hyperoxia contributes to the development of bronchopulmonary dysplasia (BPD) in human infants. In this study, we tested the hypothesis that postnatal treatment of newborn
WT or Cyp1a2-null mice with BNF, followed by exposure to hyperoxia, would alleviate lung injury by mechanisms involving CYP1A-mediated detoxification of
F2-isoprostanes. Newborn WT or Cyp1a2-null mice were treated, i.p., once daily
with the vehicle corn oil (CO) or BNF (25 μmol/kg), and were maintained in room
air or exposed to hyperoxia (> 95% O2) from days of life 1-4. The mice were sacrificed on day 5. The WT or Cyp1a2-null newborn mice exposed to hyperoxia
showed increased lung injury, with Cyp1a2-null mice displaying increased susceptibility to lung injury compared to WT mice. These results suggest that CYP1A2
plays a beneficial role against hyperoxic lung injury in newborn mice. Lung injury,
as determined by histology, was significantly attenuated in WT as well as Cyp1a2null mice that were treated with BNF. The BNF-treated mice showed increased expression of hepatic and pulmonary CYP1A1 and 1A2 protein (flourimetry/Western
blotting) and mRNA (real time RT-PCR) expression, compared to those exposed to
CO. The extent of lung injury positively correlated with levels of F2-isoprostanes,
as determined by GC/MS. Our observations support the hypothesis that BNF protects against hyperoxic lung injury in WT and Cyp1a2-null mice by inducing
CYP1A1, which may act via detoxifying F2-isoprostanes. Future studies on the role
of CYP1A enzymes in oxygen-mediated lung injury could lead to the development
of rational strategies in the prevention/treatment of BPD in premature infants.

1555

PERSISTENT INDUCTION OF CYTOCHROME P4501A1
BY 3-METHYLCHOLANTHRENE (MC) IN HEPA-1
CELLS: ROLE OF CYP1A2.

B. Moorthy, S. R. Kondgraganti, W. Jiang, L. Wang and C. Chu. Pediatrics,
Baylor College of Medicine, Houston, TX.
Humans are constantly exposed to environmental carcinogenic polycyclic aromatic
hydrocarbons (PAHs) through cigarette smoke, diesel exhausts, charcoal-broiled
meats, etc. Cytochrome P4501A (CYP1A) enzymes play important roles in the ac-
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tivation of PAHs such as 3-methylcholanthrene (MC) to carcinogenic DNA-binding metabolites. We reported earlier that MC causes persistent induction of hepatic
and pulmonary CYP1A1 in mice for several weeks after MC withdrawal, and that
the phenomenon of sustained hepatic CYP1A1 induction is lost in Cyp1a2-null
mice. In this study, we tested the hypothesis that MC elicits persistent CYP1A1 induction on hepa-1 cells, and that CYP1A2 contributes to this phenomenon. Hepa1 cells were treated with the MC (2.5 μM), or dimethylsulfoxide (DMSO) as control, and at selected time points, CYP1A1 promoter activity, CYP1A1 enzyme
activities, contents, and CYP1A1 mRNA levels were determined. We found that
MC markedly and persistently induced Cyp1a1 promoter activity, transcription,
apoprotein expression, and the CYP1A1 associated ethoxyresorufin O-deethylase
(EROD) activities for up to 5 days. Transfection of cells with CYP1A2 siRNA resulted in knockdown of CYP1A2 mRNA by 70%, but a statistically significant increase of basal CYP1A1 mRNA by 35-40%. The induction of CYP1A1 promoter
activity, CYP1A1 mRNA, and EROD activity by MC were not affected by
CYP1A2 siRNA at the 24 h time point, but the CYP1A1 induction was significantly attenuated by CYP1A2 siRNA on day 5, compared to cells that were transfected with control siRNA. These results suggest that CYP1A2, possibly via a
metabolite, contributes to the sustained induction of CYP1A1 by MC in hepa-I
cells. Further investigations into the mechanisms of persistent induction of
CYP1A1 by MC could lead to novel preventative/therapeutic strategies against
PAH-mediated carcinogenesis in humans.

1556

IDENTIFICATION OF PROTEINS INVOLVED IN AHRMEDIATED CYP1A1 INDUCTION THROUGH RNAi
HIGH-THROUGHPUT SCREENINGS.

P. S. Solaimani1, R. Damoiseaux2 and O. Hankinson1. 1Molecular Toxicology
Interdepartmental Program, University of California Los Angeles, Los Angeles, CA
and 2California NanoSystems Institute, University of California Los Angeles, Los
Angeles, CA.
The Aryl Hydrocarbon Receptor (AhR) has been shown to have a plethora of physiological roles, and upon dysregulation, carcinogenesis can occur. This happens by
the binding of dioxins, such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), and
certain polycyclic aromatic hydrocarbons (PAHs), such as benzo(a)pyrene, to AhR
and the subsequent expression of certain target genes. One target gene of AhR is
that encoding Cyp1a1, which can form electrophilic derivatives that bind and mutate DNA. Further characterization of the mechanism(s) of AhR-dependent induction of gene transcription is therefore an important research objective. Using RNAi
high-throughput technologies, we have set out to identify proteins that modulate
the AhR-dependent induction of Cyp1a1 gene expression. An siRNA library targeted against 6000 proteins in the druggable genome was used to transfect the
Hepa-1 murine hepatic cancer cell line, which were treated with TCDD for 24
hours, and then assayed for Cyp1a1 activity using the EROD assay. Following RSA
statistical analysis, we identified 90 hits with a p-value of 0.005 or less and confirmed true positive hits by using endoribonuclease-prepared siRNAs (esiRNAs).
We thus confirmed 9 hits that significantly knockdown both the Cyp1a1 EROD
protein activity and the mRNA levels of Cyp1a1. To determine the specificity of
these proteins to AhR-mediated genes, we looked at mRNA levels of AhR inducible
genes NQO1 and Aldh3a1. In addition, we looked to see if the target hits were affecting Cyp1a1 expression indirectly by affecting the mRNA expression of it’s transcriptional regulators AhR and ARNT. In order to delineate any possible off target
effects from the RNAi, we will co-transfect human cDNAs corresponding to our
hits along with mouse targeted siRNA to see if we can rescue Cyp1a1 expression in
the presence of the siRNA.
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GEOGRAPHIC VARIABILITY OF CYP 450 MEDIATED
METABOLISM IN CYNOMOLGUS MACAQUES
(MACACA FASCICULARIS).

J. McGraw2, S. Scholzen2, J. Dubach3 and D. P. Waller1. 1PreLabs, Hines, IL,
2Concordia University, Mequon, WI and 3Loyola University Medical Center,
Maywood, IL. Sponsor: P. Baneux.
The cynomolgus macaque is an important non-human primate model for developing safety and efficacy profiles of new therapeutic biologics. Their genetic similarity
to humans, including CYP 450 isoforms, results in similar metabolic profiles for
many xenobiotics. However, Cynomolgus monkeys used in research derive from
several geographical sources with little information on their genetic diversity.
Human CYP 450 phenotyping probes were used to characterize metabolic variability and DNA analysis of targeted genetic loci was used to confirm geographic sourcing and compare genetic backgrounds. Cynomolgus macaques were studied with a
UHPLC/MS/MS CYP 450 phenotyping assay using in-vitro microsomal incubations. Liver microsomes were prepared from cynomolgus macaques attributed to

several geographic sources, including Mauritius, Philippines, Indonesia and
Indochina. The UHPLC separation was carried out on a Waters Acquity HSS T3
1.8mcm (2.1x100mm) column with an Acquity HSS T3 1.8mcM Vanguard PreColumn. Compounds were eluted with a gradient of Acetonitrile/ THF/ Formic
Acid (20/ 4/ 0.1) in methanol. Mass spectrometry detection was carried out with an
AB Sciex 4000 Qtrap triple quadrupole mass spectrometer equipped with a Turbo
V IonSpray as an LC/MS interface. Positive and negative ion mode ESI mass spectra were acquired from microsomal extracts with CYP 450 probes for 1A2, 2D6,
3A4, 3A4, 2E1 and 2C9, along with their metabolites. Incubations confirmed similarities with the human rate and pattern of metabolites for most substrate probes.
However, geographic region appeared to explain variability amongst groups of animals. These data demonstrate the importance of characterizing the pattern and rate
of metabolism of new drugs in nonhuman primates used in safety and pharmacokinetic testing to insure reliable, reproducible and less variable results.

1558

EVALUATION OF THE POTENTIAL FOR DRUGINDUCED LIVER INJURY OF ACYL GLUCURONIDES
BASED ON IN VITRO COVALENT BINDING TO
HUMAN LIVER PROTEINS.

M. Yahata1, T. Usui1, T. Omodani2, M. Nakao2, T. Hashizume1, T. Katsumata1
and M. Yabuki1. 1Pharmacokinetics Research Laboratories, Dainippon Sumitomo
Pharma Co., Ltd., Osaka, Japan and 2Chemistry Research Laboratories, Dainippon
Sumitomo Pharma Co., Ltd., Osaka, Japan. Sponsor: T. Yamada.
Prediction of idiosyncratic drug-induced liver injury (DILI) is difficult, and the underlying mechanisms are not fully understood. DILI is considered to be triggered
by formation of reactive metabolites and sequential covalent binding (CB) to cellular macromolecules in the liver. Acyl glucuronides (AGs) have been implicated in
DILI. Recently, it has been reported that chemical stability of AGs was a useful key
predictor for the idiosyncratic DILI risk (1). However, the relationship between stability of AGs and CB to macromolecules, which is considered as a trigger, is still not
fully understood. We have reported that when the CB level for oxidative metabolism was multiplied by the maximum daily dose, which may reflect maximum hepatic exposure, positive compounds leading to idiosyncratic DILI and negative
compounds became discriminated. The present study was conducted to clarify
whether the risk of idiosyncratic DILI can be estimated by CB of AGs formed in
human liver microsomes using 4 positive compounds (benoxaprofen, bromfenac,
diclofenac, and zomepirac) leading to DILI and 2 negative compounds (acetylsalicylic acid and ibuprofen). After incubation with microsomes in the presence of
NADPH and UDP glucuronic acid (UDPGA) as a cofactor for 60 minutes at
37°C, there was large overlap in the distribution of CB levels between the positive
and negative groups. Though benoxaprofen and zomepirac are positive compounds, their respective CB levels were very low. Therefore, after incubation for 60
minutes, the CB levels of compounds generating AGs are not sufficient for risk assessment of DILI. As the half lives of AGs have been considered to be longer than
other reactive metabolites, we are now investigating whether the CB levels of compounds generating AGs can be assessed through optimization of reaction conditions.
(1) R. Sawamura et al., Drug Metab Dispos., 38, 1857-1864 (2010)

1559

GENDER-DEPENDENT PROTECTION BY ALPHATOCOPHEROL INVOLVES ALTERED
BENZO(A)PYRENE PHARMACOKINETICS AND
ANTIOXIDANT MECHANISMS.

C. A. Crimp, T. McQuistan and D. Mustacich. Linus Pauling Institute, Oregon
State University, Corvallis, OR.
Polycyclic aromatic hydrocarbons (PAHs), including benzo[a]pyrene (BP) are environmental pollutants linked to increased disease susceptibilities. BP metabolism
produces both DNA-reactive and non-reactive (3-OH-BP) metabolites. AlphaTocopherol (T) supplementation decreases BP-DNA adducts in smokers, particularly females; but the mechanism is unknown. To test the hypothesis that T protection from BP exposure is gender-dependent, male and female rats received 7 daily
subcutaneous (SC) injections of T (100 mg T/ kg body wt) or vehicle, followed by
a single ip injection of BP (20 mg/kg, spiked with 3H-BP) on day 9. Urine, bile,
plasma and tissues were collected pre-BP and 5 and 24 hr post-BP and stored at 80°C. T supplementation increased T levels in females > males (p<0.01).
Compared to vehicle rats, liver BP radioactivity decreased in T supplemented females, but not males, 5h post-BP (p<0.01). In males, SQ T decreased liver BP radioactivity 24 h post-BP (p<0.05). T supplementation increased total urinary excretion of total BP/BP metabolites >3-fold in females during the first 5h post-BP
(p<0.05, compared to vehicle), while male urinary excretion was unchanged by T
supplementation at 5h and decreased 24h post-BP (p<0.05, compared to vehicle

rats). SQ T altered bile and urine BP-metabolite profiles at 5 and 24h. Importantly,
compared to vehicle rats, T supplementation increased free and conjugated 3-OHBP levels >10-fold in urine of females (p<0.05). BP-induced tissue MDA levels
were 2-fold higher in non-supplemented female liver compared to males (p<0.01).
SQ T decreased BP-induced liver MDA in female rats (p<0.05). These data are the
first to suggest that T protection from BP exposure is gender dependent and occurs
by both antioxidant and non-antioxidant mechanisms. Further elucidation of the
mechanism(s) of T protection against environmental/occupational toxins may lead
to the development of protective strategies for occupational PAH exposures.
Supported by NIEHS: R21ES015872.

1560

CHARACTERIZATION OF METABOLITES AND
CYTOCHROME P450 ISOFORMS INVOLVED IN THE
MICROSOMAL METABOLISM OF ACONITINE.

Y. Gao. Beijing Institute of Radiation Medicine, Beijing, China. Sponsor: Y. Gao.
INTRODUCTION: Veratridine is a lipid-soluble alkaloid extracted from
Veratrum officinale and other species of the family Liliaceae. Veratridine prevents
inactivation of Na+ channel via binding the receptor site 2, causes influx of sodium
ion and depolarization and induces apoptosis of neuronal cells. MATERIALS: In
the present study, we investigated the metabolism of veratridine and the effects of
selective cytochrome P450 (CYP) inhibitors on the metabolism of veratridine in rat
liver microsomes. The metabolites were separated and assayed by liquid-chromatography-electro spray ionization-ion trap tandem mass spectrometry (LC-ESIQIT-MSn), and further identified by their mass spectra and chromatographic behaviors. RESULTS: Result showed that four CYP isoforms (CYP1A, CYP2B,
CYP2E1, CYP3A) were involved in the metabolism of veratridine in vitro and
seven metabolites of veratridine were detected incubating with rat liver microsomes. CONCLUSION: Some of the metabolites were presumed to be potential
mediates of neurotoxicity via protein binging. Further research in vivo needs to link
the metabolism of veratridine to its toxicity.

1561

REGULATION OF LIVER CYTOCHROME P450 BY
ANTIANDROGENIC FUNGICIDE VINCLOZOLIN IN
ADULT MALE RATS.

C. L. Zazueta-Beltran, L. M. Lopez-Gonzalez and A. Sierra-Santoyo. Toxicology,
CINVESTAV-IPN, Mexico City, D.F., Mexico.
Vinclozolin (V) is an agricultural fungicide. V administered to rats is hydrolyzed to
2-[[(3,5-dichlorophenyl)-carbamoyl]oxy]-2-methyl-3-butenoic acid (M1) and
3’,5’-dichloro-2-hydroxy-2-methylbut-3-enanilide (M2). V is efficiently metabolized by cytochrome P450 (CYP)2A, 2B and 3A subfamilies. V, M1 and M2 are antiandrogenic by interacting with the androgen receptor. Data on the regulation of
liver CYP by V is limited. Our objective was to determine the effect of V on the regulation of rat liver CYP. Adult male Wistar rats were administered 100 mg/kg/d V
in corn oil for 7 d by gavage. Animals were sacrificed 24 h after last dose and tissues
were removed. Liver was processed to obtain microsomal fraction to determine the
protein content of different CYP isoforms and some enzyme activities. V exposure
significantly decreased relative weight of seminal vesicles, epididymis and prostate.
Likewise significantly increased relative weight of kidney, liver and total CYP content. Protein content of CYP1A1, 1A2, 2A, 2B1 and 3A2 increased 6.5-, 16.0-,
2.3-, 6.5- and 1.5-fold, respect to the non-treated group. The protein content of
CYP2E1 was not affected by V. Enzyme activities EROD, MROD, PROD and pnitrophenol hydroxylase associated to CYP1A1, 1A2, 2B and 2E1 increased 3.0-,
6.4-, 64.3- and 1.6-fold, compared to the non-treated animals. The present results
suggest that V may regulate hepatic CYP expression by affecting nuclear receptors,
transcription factors and hormones involved in liver CYP expression during adult
stage. Likewise, induces its own metabolism and consequently its toxicokinetics.
The induction of CYP isoforms involved in steroids metabolism may disrupt hormonal homeostasis.

1562

INHIBITION OF CYP3A4 TRANSCRIPTION BY
AMIODARONE AND DRONEDARONE.

J. Huang and C. Lin. Clinical Pharmacy and Pharmaceutical Sciences, National
Cheng Kung University, Tainan, Taiwan. Sponsor: Y. Guo.
Pregnane X receptor (PXR) functions as a xenobiotic sensor which recruits transcriptional coactivators such as SRC-1 and HNF4α upon ligand binding. We previously reported that ketoconazole inhibits CYP3A4 expression through disrupting
PXR interaction with SRC-1 and HNF4α. To investigate the possible inhibitory
role of antiarrythmic drugs, amiodazone and dronedarone, on CYP3A4, we used
mammalian two-hybrid assay to study the interaction among transcriptional factors. CYP3A4 promoter activity and CYP3A4 mRNA expression in HepG2 cells
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are inhibited by both drugs. Unlike ketoconazole, PXR-SRC-1 interaction is not affected by either drug. PXR-HNF4α interaction is inhibited by amiodazone, but
not dronedarone. At clinical concentrations, none of two drugs showed signinificant inhibition on CYP3A4 activity. Amiodazone, but not dronedarone, is more
likely to decrease CYP3A4 expression after long term use.

1563

A COMPARISON OF CYNOMOLGUS MONKEY AND
HUMAN NEUTROPHIL FUNCTION.

J. Piccotti, M. Murillo and S. Kulkarni. Merck Research Laboratories, Summit, NJ.
Immunotoxicity testing of drug candidates includes the assessment of potential effects on the innate and acquired immune systems. Neutrophils are a key component of innate immunity and play a critical role in host defense against bacterial
and fungal infections. Suppression of neutrophil function can lead to serious, lifethreatening infections. Phagocytosis and oxidative burst are essential components
of the phagocytic process. The current study compared phagocytosis and oxidative
burst by cynomolgus monkey peripheral blood neutrophils to human neutrophils.
To measure phagocytosis, peripheral blood was incubated with fluorescein isothiocyanate (FITC)-labeled opsonized E. coli. Neutrophils were stimulated with unlabeled opsonized E. coli to measure oxidative burst. The production of reactive oxidants was assessed indirectly by measuring the oxidation of the fluorogenic
substrate, dihydrorhodamine. The percent phagocytic cells, and phagocytic and enzymatic (burst) activities were measured by flow cytometry. Cytochalasin D, a
chemical that inhibits actin polymerization, was used as a positive control inhibitory agent to test the sensitivity of these assays. Concentration-dependent inhibition of phagocytosis was demonstrated by treatment with cytochalasin D. The
magnitude of suppression of percent phagocytic cells by cytochalasin D in human
neutrophils, but not monkey, was highly dependent on the concentration of E. coli,
with less inhibition seen at high particle numbers. Consistent with the phagocytosis assay, oxidative burst by monkey and human neutrophils was inhibited by cytochalasin D in a concentration-dependent manner. However, inhibition of oxidative burst by cytochalasin D did not appear to be as dependent on the numbers of
E. coli particles added to culture. The results of the current study demonstrated robust phagocytic and oxidative burst by both cynomolgus monkey and human neutrophils. Additional experiments are needed to further evaluate the ability of these
assays to detect drug-induced inhibition and stimulation of neutrophil function.

1564

DOWNREGULATED IMMUNITY BY SLEEP
DEPRIVATION MAY NOT BE COMPENSATED WITH
WAKING DRUG, MODAFINIL.

D. Kim1, S. Kim2 and Y. Heo2. 1Basic Science, Korean Air Force Academy,
Cheongwon, Chungbuk, Republic of Korea and 2Occupational Public Health,
Catholic University of Daegu, Kyeongsan, Keongbuk, Republic of Korea.
Modafinil is a psychostimulant, which enhances wakefulness and vigilance.
Pharmacological profile of modafinil is notably different from other psychostimulants such as the amphetamine, methylphenidate, or cocaine, although exact mechanism is not clear. Here in, we investigate modafinil effects on neuro-immune interaction in sleep-deprived mice. Splenic monoamines, which are dopamine,
norepinephrine, serotonin, were significantly increased by modafinil (p<0.05,
p<0.05, p<0.03, respectively), and those were independent to stress by sleep deprivation (SD). However, modafinil compensated down-regulated splenic
dopamine/DOPAC turnover rate by SD stress. Modafinil had no influence on
serum corticosterone level, however modafinil decreased significantly serum corticosterone level in SD stressed mice (p<0.05). Serum CRP level, which is an inflammation index, was significantly increased by sleep deprivation stress for 24 hr
(p<0.003). Elevated serum CRP level in mice with stress was not reduced by
modafinil. Mice injected with modafinil were significantly less resistant to Listeria
infection (p<0.04). SD stress also was associated with increased bacterial burden,
however it was not exacerbated by modafinil administration. This study suggests
that modafinil may partly affect decrease of stress responses induced by SD stress,
but that modafinil may not compensate down-regulated immunity caused by sleep
deprivation

1565

PESTICIDE EFFECTS ON HUMAN CELL-MEDIATED
IMMUNITY AND THEIR RELATIONS WITH VIRAL
HEPATITIS.

M. M. Amr, M. S. El-Attar and F. S. Helal. Cairo University, Cairo, Egypt.
Sponsor: A. Ahmed.
Pesticides exposure may play a great role in suspected fragile immune system,&
may result in altered disease susceptibility. Aim: Our aim is to illustrate the effects
of occupational exposure to pesticides on human cell mediated immunity and to assess this relation with the prevalence of viral hepatitis (HBV&HCV) among the
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workers. Methods: Study was conducted on 80 subjects in one of the major companies formulating pesticides in Egypt. All subjects were males. Workers in the production sectors were 55 subjects (Group A),their age ranged between 26-55 years
(mean +/- SD : 44.26 +/-5.33), they were exposed to different types of organophosphates and carbamates insecticides. They mostly did not use the administered protective equipment during work hours. The control subjects were (Group B) 25
adult men without occupational exposure in production of pesticides. They were
chosen from other departments of the company.Investigations done for the examined groups (A & B) were abdominal ultrasonography & blood examination for
Hb, WBCs, Lymphocytes, sALT, HbsAg, Anti HCV, CD4, CD8, CD4/CD8,
CD56 and IL-2. Results: The most significant results were alteration of the cell mediated immunity among the exposed group and increase in the prevalence of
Hepatitis B virus (HBV) & Hepatitis C virus (HCV) which confirmed by ultrasonographical examination. The relation between different liver diseases as bilharzial liver, liver cirrhosis and mixed liver disease and cell mediated immunity, had
been illustrated. However, there was no significant difference between duration of
exposure to pesticides and different immunological parameters. Conclusion and
Recommendations: It was concluded that occupational exposure to pesticides may
cause modulation and/or derangement of the immune system. Modulation of the
immune system among the exposed group to pesticides may be due to the high percentage of HBV and HCV. Further studies on a large scale and studying the whole
immune system of those subjects is mandatory as well as early detection of such
changes are recommended.

1566

RETROSPECTIVE EVALUATION OF THE IMPACT OF
US EPA’S FUNCTIONAL IMMUNOTOXICITY TESTING
REQUIREMENT ON PESTICIDE RISK ASSESSMENT.

H. Lu1, D. R. Boverhof2, S. C. Gehen1, J. M. Akins3, A. M. Blacker4, W.
Jones5 and G. S. Ladics5. 1Dow AgroSciences LLC, Indianapolis, IN, 2The Dow
Chemical Company, Midland, MI, 3Tessenderlo Kerley Inc., Phoenix, AZ, 4Bayer
CropScience, Research Triangle Park, NC and 5Pioneer Hi-Breed International Inc.,
Wilmington, DE.
As a result of recent revisions to 40CFR Part158, functional immunotoxicity testing, as outlined by the EPA Health Effects Test Guideline OPPTS 870.7800, is
now required for all food and non-food use pesticides. In complying with this data
requirement, pesticide registrants have completed a substantial number of guideline-compliant T-cell dependent antibody response (TDAR) studies, providing an
opportunity to review the results and their impact on pesticide hazard identification and human health risk assessment. This evaluation coordinated by Crop Life
America includes a total of 82 TDAR studies conducted by various pesticide registrants on 78 unique chemicals over a diverse range of product types. A retrospective
review of this data-set revealed that no effect on the TDAR response was noted at
any dose level in 78 studies, while 4 studies demonstrated a reduction of TDAR
only at the highest dose level tested. To assess the potential impact of these results
on risk assessment, the NOAELs from the TDAR studies were compared to endpoints selected by the EPA for relevant risk assessment scenarios. For all 78 chemicals, including those with TDAR effects, the TDAR NOAEL was greater than the
NOAEL selected for each of the key risk-assessment scenarios. The ratios of the
TDAR NOAELs to the EPA-selected endpoints for chronic reference dose, shortterm, intermediate, and long-term exposure scenarios ranged from 3 - 27000, 3 –
1688, 3 – 1688, and 4.9 - 1688, respectively. Based on these analyses, functional
immunotoxicity testing appears to have limited implications for pesticide hazard
identification and, more importantly, no impact on human health risk assessment
and therefore may not be a justifiable use of animals. Weight of evidence approaches based on existing data should receive strong consideration prior to the
conduct of functional immunotoxicity testing.

1567

PROTECTIVE EFFECT OF TWO RECOMBINANT DNA
RICIN VACCINES IN THE NEW ZEALAND WHITE
RABBIT SUBJECTED TO A LETHAL AEROSOLIZED
RICIN CHALLENGE: SURVIVAL, IMMUNOLOGICAL
RESPONSE, AND HISTOPATHOLOGICAL FINDINGS.

D. E. McLain1, R. W. Wannemacher2, B. S. Lewis4, J. L. Chapman5, L. A.
Smith6 and C. Y. Lindsey3. 1Toxicology, Walker Downey & Associates, Inc., Verona,
WI, 2Toxicology, USAMRIID, Fort Detrick, MD, 3Immunology, USAMRIID, Fort
Detrick, MD, 4Pathology, USAMRIID, Fort Detrick, MD, 5Pathology, USAMRIID,
Fort Detrick, MD and 6Medical Counter Measures, USAMRIID, Fort Detrick, MD.
Ricin isolated from the castor bean plant Ricinus communis is included on the
Centers for Disease Control and Prevention (CDC) Category B list of bioterrorism
agents, indicating that the toxin is moderately easy to disseminate and could result
in moderate morbidity rates. This study evaluated two promising recombinant ricin
subunit vaccines, one made using an Escherichia coli codon-optimized gene and
the other using a yeast codon-optimized gene in E. coli-based fermentations.

Rabbits were vaccinated four times over a period of 6 months and challenged with
~10-30 times the median lethal dose of aerosolized ricin. All unvaccinated control
rabbits were found dead or humanely euthanized within 30 h postchallenge while
the rabbits vaccinated with either vaccine survived the exposure without adverse
clinical signs. When the protective antibody responses were analyzed, no significant
difference was seen between the two vaccines. However, there was a significant difference in the immune response over time for both vaccines tested. Although clinical pathology was unremarkable, significant histological lesions in the control animals included fibrinonecrotic pneumonia, acute necrotizing lesions in the upper
respiratory tract, and necrotizing lymphadenitis in the lymph nodes draining the
upper and lower respiratory tract. Vaccine treated rabbits exhibited resolving lesions
associated with ricin exposure, namely chronic inflammation in the upper respiratory tract and lungs, fibrosis, type II pneumocyte hyperplasia, and bronchiolitis
obliterans. This study confirmed the safety and efficacy of two recombinant ricin
subunit vaccines in rabbits, offering potential protection to warfighters and select
populations.

1568

EFFECTS OF ETHANOL AND ROLE OF
HYPOTHERMIA IN SUPPRESSION OF HOST
RESISTANCE TO SEPSIS BY ADMINISTERING
ETHANOL 18-HR AFTER BACTERIAL CHALLENGE.

W. Tan, S. Pruett, M. Bhatty and B. Nanduri. Department of Basic Sciences,
College of Veterinary Medicine, Mississippi State University, Mississippi State, MS.
Acute exposure to ethanol has been found decrease resistance to bacterial infections
and increase mortality in patients with sepsis. Administration of ethanol 30 minutes before E. coli challenge inhibits production of pro-inflammatory cytokines and
chemokines and suppresses phagocytosis of bacteria by macrophages and neutrophils in the peritoneal cavity in our mouse model of sepsis. Bacteria were effectively cleared in control mice but not in ethanol-treated mice, and decreased bacterial clearance correlated with decreased survival. In the present study, E. coli was
injected intraperitoneally and ethanol was given orally at 6 g/kg 18-hr later.
Interestingly, although the mortality rate was similar, compared with the group
treated with ethanol 30 min before E. coli injection, the group with late ethanol administration reached the same mortality rate in a much shorter period of time (20
hr vs. 64 hr). Moreover, ethanol decreased body temperature of mice in this group
~2°C for at least 10 hrs. To determine if low body temperature contributed to decreased survival time, mice were warmed on heating pads after ethanol administration. This did decrease the ethanol-mediated increase in hypothermia (which is
normally associated with sepsis in mice). Surprisingly, the mice that were maintained at a warmer temperature died more quickly than mice that were not heated.
This suggests that effects other than hypothermia account for the lethal outcome.
In a previous study, bacteria were almost cleared ~18 hr after E. coli challenge.
Therefore, it is necessary to understand the effect of ethanol on host resistance even
when few bacteria remain. Further studies on the production of cytokines and pattern of bacterial growth are in progress to determine if death after administration of
ethanol at 18 hr is caused by rapid growth of the few remaining bacteria, overproduction of cytokines, or other mechanisms. (This work is supported by NIAAA
grant R01AA009505.)

1569

AH RECEPTOR ACTIVATION INDUCES REGULATORY
DENDRITIC CELLS AND ANTIGEN-SPECIFIC
REGULATORY T CELLS IN VIVO.

T. Simones and D. M. Shepherd. Department of Biomedical & Pharmaceutical
Sciences, Center for Environmental Health Sciences, University of Montana, Missoula,
MT.
Environmental pollutants capable of activating the aryl hydrocarbon receptor
(AhR) can cause immunosuppression. AhR activation can induce regulatory T cells
(Tregs), which may contribute to the observed immunosuppression. However, the
mechanisms underlying Treg induction and immune modulation following AhR
activation are unclear. We hypothesized that AhR activation by TCDD generates
regulatory dendritic cells (DCs) that directly induce Tregs in vivo. To test this hypothesis, splenic DCs from mice orally exposed to Vehicle or TCDD (15μg/kg)
were isolated and their regulatory phenotype assessed. DCs from TCDD-exposed
mice upregulated expression of the immunoregulatory genes IDO1, IDO2 and
TGFβ3. Increased regulatory gene expression in DCs was seen as early as 48h and
up to 10 days post-TCDD exposure. On day 10 there was an increased frequency
of CD11c+ MHC II+ CD103+ regulatory DCs and CD4+ CD25+ FoxP3+ Tregs
in TCDD-exposed mice. To determine if AhR-activation induces antigen-specific
Tregs in vivo, CD4+ T cells isolated from OTII FoxP3eGFP mice were transferred
iv into vehicle- or TCDD-exposed mice followed by footpad immunization with
ovalbumin (ova) peptide-loaded bone marrow-derived DCs. The antigen-specific
immune response in the draining popliteal lymph node was dampened in TCDD-

exposed mice as determined by a reduction in the number of ova-specific CD4+ T
cells and an increase in ova-specific CD4+ FoxP3+ Tregs. In addition, CD4+ T cells
from the draining lymph node produced significantly less IL-2, IFNγ and IL-10
when restimulated with ova peptide. Overall, these results demonstrate that in vivo
exposure to the prototypical AhR ligand, TCDD, induces both regulatory DCs and
FoxP3+ Tregs, which contribute to the generation of an immunosuppressive environment. Studies are ongoing to determine the direct involvement of AhR-activated regulatory DCs and whether other AhR ligands can induce similar immunomodulatory events. This research was supported by the grants, ES013784
and RR017670.
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TIME COURSE FOR HEMATOTOXICITY OF MNX
(HEXAHYDRO-1-NITROSO-3, 5-DINITRO-1, 3, 5TRIAZINE), RDX ENVIRONMENTAL DEGRADATION
PRODUCT, IN RATS.

S. Jaligama1, V. M. Kale2, M. S. Wilbanks3, E. J. Perkins3 and S. A. Meyer1.
1Toxicology, University of Louisiana at Monroe, Monroe, LA, 2Pharmaceutical
Sciences, Roseman University of Health Science, Henderson, NV and 3Environmental
Lab., US Army Engineer Res. Dev. Center, Vicksburg, MS.
MNX (hexahydro-1-nitroso-3,5-dinitro-1,3,5-triazine), an environmental nitroreduced product of RDX, contaminates military firing ranges and retired ammunition plants. Our previous studies identified bone marrow and spleen as acute hematological targets of oral MNX in rats. At 14 d after a single MNX exposure, splenic
hemosiderosis and loss of blood granulocytes and bone marrow myeloid progenitor
cells (CFU-GMs) occurred with NOAELs of 47, 47 and <12 mg/kg, resp. Present
studies address whether these late effects are due to persistence of early effects or are
delayed after a required expression period. Time course studies were conducted
with female Sprague-Dawley rats orally gavaged with MNX from 0 to 94 mg/kg
and hematology, organ weights, tissue histopathology and bone marrow CFU-GMs
were evaluated at 2, 7,10,12,14 d. Blood granulocytes were increased at 2d
(NOAEL 47 mg/kg), unchanged at 7d and decreased at 14d. Bone marrow CFUGMs were unaffected at 2 and 7d, but were decreased by 47 mg/kg MNX from 12
– 14d with maximal effect at 12 d. Relative spleen weight decreased 2d post-exposure and was unaffected at later times. Hemosiderosis of splenic red pulp, determined from Prussian blue-stained histological sections, was evident at 2d (≥ 47
mg/kg MNX), 7d (NOAEL 24 mg/kg) and 14 d. Increased macrophage activity
and/or number was indicated in splenic red pulp at 2d (≥ 47 mg/kg MNX) by enhanced immunohistochemical staining with antibody ED1. Blood MNX was 0.20.4 ug/mL at 2d after 24-94 mg/kg, but undetectable at 14d. Collectively these
data demonstrate that while splenic effects of a single exposure to MNX are early
onset and persist for at least 14 days post-exposure, bone marrow toxicity is delayed
presumably because of time required for development of preceding events that
drive the myelosuppressive outcome. (Support: DoD/CDMRP, US Army Corps of
Engineers)

1571

IMMUNOHISTOCHEMICAL CHARACTERIZATION OF
GLOMERULOPATHY IN CYNOMOLOGUS MONKEYS.

B. Wei, Y. Zhan, Z. Stewart, C. Rohde, K. Percival, K. Shevlin, M. Leach and
S. O’Neil. Pfizer, Inc., Andover, MA.
Biotherapeutics often induce immune responses in animals, and the kidney is a
known site of immune complex deposition; however, it is often uncertain whether
adverse renal events and glomerular lesions are related to immune complex deposition or toxicity. In a 13-cycle toxicity study, a minimal glomerulopathy was observed in one of sixteen cynomolgus monkeys that received weekly doses of
chimeric monoclonal antibody Y(C-mAb-Y). The affected animal had developed
anti-drug antibodies; thus, this finding was thought to represent immune complexmediated glomerulopathy. To better understand glomerulopathy in cynomologus
monkeys exposed to biotherapeutics, we developed immunohistochemistry protocols for a panel of antigens to characterize the phenotype and activation state of
cells within glomeruli. These assays were applied to kidney sections from 24
cynomologus monkeys that had been dosed with C-mAb-Y (n=16) or vehicle
(n=8). We found that the monkey with glomerulopathy (animal 11) had greater
numbers of Ki67 positive cells than all others in the study. Additional glomerular
lesions in animal 11 included hypertrophy and hyperplasia of podocytes and wrinkling of the glomerular basement membrane, which was embellished by synaptopodin expression. Cumulatively, these findings support a diagnosis of proliferative podocytopathy in animal 11. Further, we found that synaptopodin, WT-1, and
ICAM-1 expression were dramatically lower in animal 15 (which had a lethal anaphylactic reaction to the test article) than all other monkeys in the study. The relationship of these findings to anaphylaxis will be further investigated. These results
suggest that immunohistochemical evaluation of glomerular antigens can facilitate
the diagnosis of glomerulopathy in NHPs exposed to biotherapeutics.
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INFLUENCE OF TUMOR NECROSIS FACTOR ALPHA
(TNF-α) ON N-ACETYLTRANSFERASE 1 ACTIVITY IN
HUMAN KERATINOCYTES AND MONOCYTES.

J. Bonifas, S. Scheitza and B. Blömeke. Environmental Toxicology, University of
Trier, Trier, Germany.
N-acetyltransferase 1 (NAT1)-mediated N-acetylation is an important detoxification pathway for the hair dye ingredient and well-known contact allergen paraphenylenediamine (PPD). Recently, we demonstrated that immune relevant cells
like keratinocytes and monocyte derived dendritic cells are able to N-acetylate
PPD. However, NAT1 acetylation capacity may be modulated by the microenvironment. In keratinocytes, we demonstrated a substrate-dependent NAT1 degradation after treatment with PPD. In this study we aimed to evaluate the influence of
tumor necrosis factor alpha (TNF-α), an important cytokine released after allergen
exposure, on the NAT1 activity of keratinocytes and monocytes.
We treated THP-1 monocytes and HaCaT keratinocytes with 10 ng/ml and 500
ng/ml TNF-α for 24 h. Afterwards, cells were lysed and NAT1 activities were determined by quantification of coenzyme A via staining with 5,5’-dithio-bis(2-nitrobenzoic acid) after N-acetylation (30 min) of 1 mM PABA by 25 or 50 μg protein in the presence of 1 mM acetyl coenzyme A . TNF-α itself did not influence
the NAT1 activity of those cells. However, co-treatment of THP-1 cells with PPD
and 10 ng/ml TNF-α reduced the PPD-induced NAT1 inhibition about 30%. To
further analyze the influence of TNF-α on the N-acetylation reaction, we measured
NAT1 activity of primary keratinocytes (HPLC analysis) from 4 different donors in
the presence and absence of TNF-α. We found a 3.7±0.4-fold, 4.9±1.4-fold and
4.2±1.3-fold increase of the N-acetylation of PPD, mono-acetyl-PPD and aminofluorene.
These data suggest that N-acetylation capacities of keratinocytes and monocytes are
highly variable and dependent on the microenvironment. This may influence the
detoxification capacity of the skin regarding aromatic amines like PPD and thus
modify the risk for PPD induced contact allergy.

1573

IFN-γ, GRANZYME B AND PERFORIN-POSITIVE CELLS
OF CD8+ LYMPHOCYTES IN ASBESTOS-EXPOSED
PEOPLE WITH PLEURAL PLAQUE.

N. Kumagai-Takei1, Y. Nishimura1, M. Maeda2, H. Matsuzaki1, S. Lee1, T.
Kishimoto3 and T. Otsuki1. 1Hygiene, Kawasaki Medical School, Kurashiki, Japan,
2Biofunctional Chemistry, Graduate School of Natural Science and Technology,
Okayama University, Okayama, Japan and 3Okayama Rosai Hospital, Okayama,
Japan.
Asbestos exposure can cause malignant mesothelioma and lung cancer. In the antitumor immunity, cytotoxic T lymphocytes (CTL) play a critical role. Previously, we
reported that asbestos exposure suppressed the induction of human CTL during
mixed lymphocyte reactions (MLR), accompanied by the decreases in IFN-γ and
TNF-α. Therefore, we examined the functional property of CD8+ lymphocytes in
PBMCs of asbestos-exposed people with pleural plaque (PL) by flow cytometric
analysis, and compared with healthy volunteers (HV) in the present study. Freshly
prepared PBMCs were assayed for percentage and cell number of CD3+CD8+ cells
and percentage of granzyme B+ and perforin+ cells in CD8+ lymphocytes. PBMCs
were stimulated with PMA/ionomycin for 4h and assayed for percentage of IFN-γ+
cells, as well as granzyme B+ and perforin+ cells in CD8+ lymphocytes. Percentage
and cell number of CD3+CD8+ cells had a tendency to be lower in PL-positive people compared with HV. There was no difference in the percentage of IFN-γ+ cells in
CD8+ lymphocytes stimulated with PMA/ionomycin between PL and elder HV
groups, the age-similar control, although the percentages of both groups were
higher than those of young HV. In contrast, both the percentages of granzyme B+
and perforin+ cells in PMA/ionomycin-stimulated CD8+ lymphocytes of PL group
were higher compared with elder group of HV. The stimulation induced the decrease in percentages of granzyme B+ and perforin+ cells in CD8+ cells of elder HV,
whereas PL group showed a mix of increase/decrease or almost no change in those.
Contrary to expectation, these results from specimens paradoxically suggest the
possibility that most of PL-positive people might have a higher cytotoxic potential
of CD8+ T cells. Further investigation about cellularity and functional property of
CD8+ cells in people exposed to asbestos will contribute to the resolution of this
paradox.

AMODIAQUINE-INDUCED HEPATOTOXICITY IN
BROWN NORWAY RATS.

F. Liu1, L. Vega2, P. Cai1, J. Li3 and J. Uetrecht1. 1Faculty of Pharmacy, University
of Toronto, Toronto, ON, Canada, 2Department of Toxicology, Centre of Research and
Advanced Studies, Cinvestav-IPN, Mexico and 3Immunotoxicology, Bristol-Myers
Squibb Company, New Brunswick, NJ.
Background: Amodiaquine (AMQ) is an antimalarial drug associated with severe
adverse drug reactions, especially hepatotoxicity and agranulocytosis. The mechanism of this toxicity is unknown. We found that treatment of Brown Norway rats
with AMQ induced mild, delayed onset hepatotoxicity.
Methods and Results: Male BN rats were treated with AMQ (62.5 mg/kg/day) for
4 weeks. Serum ALT activity was monitored by assay kit every week. Lymphocytes
and macrophages were isolated from liver, spleen, lymph nodes and blood weekly.
Phenotyping by flow cytometry was employed to identify CD4+ T cells, Th17 cells
(IL-17+/CD4+), NK/NKT cells (CD161+), Treg cells (CD4+/CD25+/FoxP3+),
M1 and M2 macrophages. The balance between inflammatory Th17 cells and tissue-protective Treg cells was determined over time. A mild transient ALT elevation
occurred after 3 weeks of AMQ treatment followed by a decline on the 4th week,
which correlated with the change of CD4+ T cells and Th17 cells, as well as the
Th17/Treg ratio in the liver, but not in other organs. AMQ also increased
NK/NKT cells in the liver and lymph nodes during AMQ treatment. A significant
decrease of M1 macrophages was noticed in the liver; however, the elevation of activated M2 macrophages was observed in all the organs after 3 weeks AMQ treatment. In other studies, cotreatment with the toll-like receptor agonist, Poly I:C, led
to an earlier onset of ALT elevation but did not significantly increase the severity of
the injury, while the immunosuppressant, cyclosporine, delayed the onset and decreased the magnitude of the ALT elevation.
Conclusion: These studies suggest that AMQ-induced liver injury is immune-mediated, involving both the adaptive and innate immune systems, and that the adaptation to this liver injury represents immune-tolerance, which may be mediated by
Treg cells and M2 macrophages. This research was supported by grants from the
Canadian Institutes of Health Research.
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HUMORAL IMMUNOMODULATION BY ECHINACEA
PURPUREA AND INTERACTION WITH ESTROGEN.

J. R. Taylor, A. A. Einstman, E. M. Wheeler and D. O. Freier. Biomedical
Sciences, Lynchburg College, Lynchburg, VA.
Echinacea purpurea has been reported to have immunomodulatory effects and is
suggested for treatment of upper respiratory tract infections such as flu and colds.
Previous work in this lab demonstrated a dose responsive enhancement of the IgM
specific hemolytic plaque assay (PFC assay) following an acute (4 day) treatment
with E. purpurea in female Swiss mice (all studies approved by Lynchburg College
Institutional Animal Care and Use Committee). In 2001 South and Exon demonstrated a significant decrease of antibody formation in female versus male rats
treated for two weeks with E. purpurea suggesting the gender difference was related
to estrogen. In the current study female Swiss mice, aged 6-12 weeks old, are immunized by intraperitoneal (i.p.) challenge with sheep red blood cells (SRBC).
Beginning 1 hour after challenge groups of five mice are administered either 0.8
ml/kg/day of a glycerin extract of E. purpurea (Nature’s Way ®) or matching glycerin vehicle for a period of four days and immunological function is determined by
PFC assay. Blood is collected by cardiac puncture and serum reserved for an estrogen ELISA assay. Spleen-to-Body weight ratio of 0.00523 ± 0.0004 for vehicle
treated controls and 0.0048 ± 0.0003 for E. purpurea were calculated. Spleen cell
numbers (x106) were 45.8 ± 9.3 for vehicle treated controls and 42.7 ± 3.8 for E.
purpurea. Neither showed a significant difference by Student’s t Test. Vehicle treated
controls showed a PFC /106 spleen cell response of 1211 ± 148 and E. purpurea
treated mice had a PFC /106 response of 1959 ± 480 showing a significant enhancement. Correlation of these responses with serum estrogen levels has been inconclusive.
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SPANISH BLACK RADISH (RAPHANUS SATIVUS L. VAR.
NIGER) DIET ENHANCES CLEARANCE OF DMBA AND
DIMINISHES TOXIC EFFECTS ON BONE MARROW
PROGENITOR CELLS.

A. U. N’jai1, M. Q. Kemp3, B. Metzger3, P. R. Hanlon3, M. Robbins3, C. J.
Czuprynski1, 2 and D. M. Barnes3. 1Pathobiological Sciences/Molecular &
Environmental Toxicology, University of Wisconsin-Madison, Madison, WI, 2Food
Research Institute, University of Wisconsin-Madison, Madison, WI and 3Research and
Development, Standard Process Inc., Palmyra, WI.
Polycyclic aromatic hydrocarbons (PAHs) are common environmental contaminants that are carcinogenic and immunosuppressive. Previous studies have demonstrated that oral or IP administration of 7, 12-dimethylbenz(a)anthracene (DMBA)
significantly reduces bone marrow (BM) progenitor lymphoid and myeloid cells at
6 h. This study examined whether feeding mice a diet containing 20 % Spanish
black radish (SBR) for two weeks prior to DMBA administration could enhance
metabolism of this carcinogen and inhibit the DMBA-mediated bone marrow toxicity. Expression of Phase 1 (Cyp1a1, Cyp1a2, Cyp1b1) and Phase II (Ephx1,
Gsta2, Qr, Txnrd1) detoxification enzymes was significantly greater for mice on
SBR diet than in mice fed a nutritionally-matched control diet. Six hours after
DMBA administration (50 mg/kg) the blood levels of DMBA in SBR-fed mice was
significantly lower than those on control diets, suggesting SBR-enhanced metabolism of the carcinogen. DMBA significantly reduced BM cells of mice fed control
diet, whereas mice on the SBR diet showed diminished effect. Colony forming assays demonstrated that mice on the SBR diet had significantly: 1) less reduction in
lymphoid CFU-preB progenitor cells, 2) greater recovery of CFU-preB progenitor
cells at 168 hours, and 3) less reduction of CFU-GM progenitor cells at 6 hours.
Therefore, in comparison with mice fed the control diet, mice fed a 20% SBR diet
for two weeks had higher expression of detoxification enzymes, faster metabolism
of DMBA and a reduction in DMBA-induced bone marrow toxicity.

1577

EVALUATION OF THE COOPERATIVE
PROINFLAMMATORY EFFECT BETWEEN ENDOTOXIN
AND (1-3)-β-D-GLUCAN WITH THE IN VITRO
PYROGEN TEST.

F. E. Rivera-Mariani, T. Hartung and P. N. Breysse. Environmental Health
Sciences, Johns Hopkins University, Bloomberg School of Public Health, Baltimore,
MD.
Rationale: Biological contaminants of bacterial and fungal origins, such as endotoxin and (1-3)-β-D-glucan, are often assessed in indoor and occupational settings.
These proinflammatory (pyrogenic) compounds could be carried on airborne or
settle dust particles. When inhaled, they can interact with human cells initiating a
proinflammatory cascade. However, it is not known if there is a cooperative proinflammatory effect when cells of the immune system are exposed to endotoxin and
glucan concurrently. To examine this interaction, we used the in-vitro pyrogen test,
which measures the release of proinflammatory cytokines when human whole
blood is incubated with pyrogenic compounds. Methods: Cryopreserved human
whole blood was incubated with different concentrations (10, 5.0, 2.5, 1.25, and 0)
of endotoxin (EU/ml) from Escherichia coli 0113:H10 and glucan (mg/ml) from
Euglena gracilis, individually and in combinations. After 18hrs of incubation, the
supernatant was collected and the release of the proinflammatory cytokine interleukin-1β (IL-1β) was measured with ELISA. Results: The concentration of IL-1β
when whole blood was incubated with endotoxin alone was 772, 662, 617, 588,
and 92 pg/ml. With glucan, the concentration of IL-1β was 1022, 793, 603, and
460 pg/ml. When whole blood was incubated with combinations of endotoxin and
glucan there was an increase of IL-1β of approximately 20-30% with 5 and
10mg/ml of glucan. Conclusion: Our findings suggest that glucan and endotoxin
could cooperate to induce a higher proinflammatory response than each compound
individually. This study provides evidence to support that exposure assessment for
biological contaminants should include not only mass concentration but also assessment of individual and cooperative proinflammatory potentials of pyrogenic
compounds.

1578

EFFECT OF ZIRAM ON NATURAL KILLER,
LYMPHOKINE-ACTIVATED KILLER, AND CYTOTOXIC
T-LYMPHOCYTE ACTIVITY.

Q. Li, M. Kobayashi and T. Kawada. Department of Hygiene and Public Health,
Nippon Medical School, Tokyo, Japan.
Ziram is a carbamate pesticide, which is widely used throughout the world as a fungicide in agriculture and as an accelerating agent in latex production. In the present
study, we investigated the effect of ziram at 0.031-4μM in vitro on human natural

killer (NK) and lymphokine-activated killer (LAK) activity and murine cytotoxic Tlymphocyte (CTL) activity. We found that ziram significantly inhibited all three activities in a dose-dependent manner. Then, to explore the mechanism of ziram-induced inhibition of NK activity, NK-92MI cells, a human NK cell line, were used.
We previously confirmed that NK-92MI cells express CD56, perforin, granzyme A
(GrA), GrB, Gr3/K, and granulysin and are highly cytotoxic to K562 cells in the
chromium release assay (1-3). NK-92MI cells were treated with ziram at 0.125 - 4
μM for 4 or 16 h at 37°C in vitro. Then, intracellular levels of perforin, GrA, GrB,
Gr3/K, and granulysin were determined by flow cytometry. It was found that ziram
significantly reduced perforin, GrA, GrB, Gr3/K, and granulysin levels in a dosedependent manner. The extent of the decrease differed among the proteins and the
order was as follows: Gr3/K > granulysin > perforin, GrA, and GrB. Taken together,
these findings suggest the ziram-induced inhibition of NK, LAK, and CTL activities to be at least partially mediated by decreases in the intracellular levels of perforin, GrA, GrB, Gr3/K, and granulysin. References: Li Q, et al (2005) Dimethyl
2,2-dichlorovinyl phosphate (DDVP) markedly decreases the expression of perforin, granzyme A and granulysin in human NK-92CI cell line. Toxicology 213:
107-116; Li Q, et al (2006) Phytoncides (wood essential oils) induce human natural killer cell activity. Immunopharmacol. Immunotoxicol. 28: 319-33; Li Q, et al
(2008) DDVP markedly decreases the expression of granzyme B and granzyme 3/K
in human NK cells. Toxicology. 243:294-302. Acknowledgements: This work was
supported by a grant from the Ministry of Education, Culture, Sports, Science, and
Technology.
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PERINATAL EXPOSURE TO ENVIRONMENTAL
TOBACCO SMOKE (ETS) AND SUSCEPTIBILITY TO
VIRAL AND BACTERIAL INFECTION.

J. Claude, A. Grimm and K. E. Pinkerton. University of California Davis, Davis,
CA.
Environmental tobacco smoke (ETS) is particularly harmful to children, who are
not fully developed physically and respire at a higher rate than adults. Many previous findings have found that those exposed to ETS have increased incidence of infections of the lower respiratory tract. However, little is known how exposure to
ETS during the perinatal period affects the susceptibility of infants and young children to infection. The objective of this study was to determine whether perinatal
exposure to ETS would increase the incidence, morbidity and severity of respiratory
influenza infection followed by secondary bacterial infection. Female Balb/c mice
were exposed to either ETS for 6 h/day, 7 days/week beginning on gestation day 14
and continuing to 6 weeks of age or to filtered air (FA) only. At the end of exposure,
mice were intranasally inoculated with a murine-adapted influenza A virus at a dose
of 50 TCID50 in 40 μl. One week later an intranasal inoculation of S. aureus bacteria at a dose of 108 CFU per 100 μl 7 was administered. Animal behavior and
body weights were observed and recorded daily following viral infection prior to
bacterial infection. Mice were necropsied 1-day post-bacterial infection.
Bronchoalveolar lavage (BAL) fluid and lung tissue were collected for cell analysis
and histopathology, respectively. We found ETS exposure increased BAL cell number in both virus and bacteria infected mice, while also decreasing body weight
compared to mice infected only with either virus or bacteria. Increased morbidity
in animals exposed to ETS, regardless of treatment was also observed, although
signs of illness appeared later than observed with FA. This data suggests perinatal
exposure to ETS alters the response of neonates to the timing and severity of infection indicating a change in susceptibility to secondary infection due to perinatal exposure to ETS.
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PERFLUORINATED COMPOUNDS AND IMMUNE
HEALTH OUTCOMES IN 3-YEAR-OLD CHILDREN.

U. C. Nygaard, L. S. Haug, S. B. Stølevik, E. Namork, C. Thomsen, M. Løvik
and B. Granum. Division of Environmental Medicine, Norwegian Institute of Public
Health, Oslo, Norway.
Widespread exposure to perfluorinated compounds (PFCs) has been documented
for adults, children and infants. In rodents, perfluorooctyl sulfonate (PFOS) and
perfluorooctanoic acid (PFOA) have been reported to be immunotoxic. The aim of
the present epidemiological study was to investigate whether prenatal or postnatal
exposure to PFCs influences immunological health outcomes and blood immunerelated parameters in children.
In the birth-cohort BraMat, a sub-cohort of the Norwegian Mother and Child
Cohort Study, 19 PFCs were measured in blood sampled from mothers at birth and
from 3 year old children. Health outcomes such as infectious diseases, wheeze and
allergy diagnosis during the 3rd year of life were collected from questionnaires.
Blood parameters, specifically mononuclear cell phenotyping, regulatory T cells,
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antibody responses to five children’s vaccines and allergen-specific IgE were determined. Multivariate regression analyses were performed with the individual PFC
components categorized using the 80th percentile (P80) and the outcomes as binary or continous variables as appropriate.
Cross-sectional analyses in the 3 year old children (n=89-100) showed significant
negative associations between serum levels of PFOS, PFOA, perfluoroheptane sulfonic acid (PFHpS) and perfluoroheptanoic acid (PFHpA) and the occurrence of
gastroenteritis. Further, the number of upper respiratory tract infections during the
3rd year of life was negatively associated with perfluorononanoic acid (PFNA) concentrations in serum. In preliminary analyses, PFC levels and immune parameters
determined in blood at 3 years of age were not significantly associated.
In summary, PFCs were negatively associated with the occurrence of gastroenteritis and frequency of upper respiratory tract infections during the 3rd year of life.
The changes were not, however, reflected in the immunological blood parameters
studied. Future work will assess the relation between PFC concentrations in maternal blood at birth and health outcomes in the children at 1 and 3 years of age.

1581

REGULATORY T-CELLS AND MARKERS OF
AUTOIMMUNITY IN MICE DEVELOPMENTALLY
EXPOSED TO PERFLUOROOCTANE SULFONATE
(PFOS).

J. DeWitt, J. N. Franklin and Q. Hu. Pharmacology and Toxicology, East Carolina
University, Greenville, NC.
Subsets of patients diagnosed with neurodevelopmental disorders have increases in
serum autoantibodies against neural proteins, suggesting immunopathogenisis in
the etiology of these disorders. As environmental pollutants such as perfluorooctane
sulfonate (PFOS) can induce developmental and immuno-toxicities, developmental exposure to such agents may disrupt immune system development and contribute to altered neurodevelopment. The presence of serum autoantibodies against
brain-specific proteins suggests impacts to regulatory T cells (Tregs). Our hypothesis is that developmental exposure to PFOS will affect Treg number and/or function
and increase serum markers of autoreactivity. C57BL/6 female mice were orally exposed to 0.02, 0.2, or 2 mg/kg of PFOS or a water vehicle with 0.5% Tween beginning at pairing with males and continuing through weaning of pups. In immunocompetent male and female offspring, splenic Treg number and function and serum
markers of autoreactivity were evaluated. Numbers of Tregs in male offspring at all
doses of PFOS were suppressed by an average of 25% relative to control numbers
(P<0.05). Treg numbers in female offspring were suppressed by 20% (P<0.05) only
at the low dose. Decreases in treg function, as measured by IL-10 release from stimulated Tregs cultured with target cells ex vivo occurred only in females exposed to
0.02 mg/kg and in males exposed to 0.2 mg/kg. Serum markers of autoimmunity
were not affected by dose. These data suggest that although numbers of Tregs may
be susceptible by developmental exposure to PFOS, functional impacts may be preserved at the doses administered. Additional studies to evaluate vulnerable windows
of exposure and the relationship between Tregs and neural development are in
progress.
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ROLE OF MICRORNAS IN THE REGULATION OF
TCDD-MEDIATED TOXICITY AGAINST THYMOCYTES
FOLLOWING PRENATAL EXPOSURE.

P. Nagarkatti, N. P. Singh, U. Singh and M. Nagarkatti. Pathology, Microbiology,
and Immunology, University of South Carolina School of Medicine, Columbia, SC.
Micro RNAs (miRs), a class of small RNAs, act as negative regulators of gene expression, thereby, modulating most of the cellular pathways. However, not much is
known about the precise role of miRs in immune cell dysregulation. Prenatal exposure to TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin), a potent AhR ligand, is well
known to cause thymic atrophy as well as alterations in T cell differentiation, the
precise mechanisms of which are unclear. In the current study, therefore, we investigated the role played by miRs in regulating the toxic effects of TCDD on the thymus following prenatal exposure. To this end, pregnant mice on gestational day 14,
were injected with TCDD (5 μg/kg) and on postnatal day 4, the thymi were harvested and high-throughput miR arrays were performed. We observed more than
100 miRs out of a total of 610 miRs examined, to be up- or down-regulated greater
than 1.5 fold in fetal thymocytes post TCDD exposure when compared to controls.
We selected few miRs that showed significant levels of alterations by TCDD for
further analysis and characterization. Our studies demonstrated that TCDD caused
marked changes in miRs involved in important functions including early signaling,
apoptosis, toxicity and cancer. Some of the miRs such as miR-18a, -18b, -23a, 23b, -31, -98, -182, -190, 203, -217, -320, -490, -494 were significantly altered in
TCDD-exposed thymi. We validated the expression of miR-18b, -23a, -31, 122, 181a, -182, -190, -203, -217, -302, and -494 by performing Real-Time PCR. The
data obtained from miR arrays of fetal thymi post-TCDD exposure demonstrated
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changes in miR profile that affected expression of important genes such as, AhR,
CYP1A1, Foxp3, IL-17, Fas and FasL which are known to regulate signaling, toxicity, apoptosis, thymic atrophy, and immunosuppression caused by TCDD.
Together, our studies suggest that the prenatal immunotoxicity induced by TCDD
may be triggered by dysregulation in miRs (Supported in part by NIH grants
P01AT003961, R01AT006888, R01ES019313, R01MH094755).
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PRENATAL EXPOSURE OF MICE TO
DIETHYLSTILBESTROL (DES) DISRUPTS T-CELL
DIFFERENTIATION BY REGULATING FAS/FASL
EXPRESSION THROUGH ERE AND NF-KB MOTIFS.

N. P. Singh, U. Singh, M. Nagarkatti and P. Nagarkatti. Pathology, Microbiology,
and Immunology, University of South Carolina School of Medicine, Columbia, SC.
Prenatal exposure to diethylstilbestrol (DES) is known to cause altered immune
functions and increased susceptibility to autoimmune disease in humans. In the
current study, we investigated the effect of prenatal exposure to DES on thymocyte
differentiation involving apoptotic pathways. Prenatal DES exposure significantly
upregulated Fas and FasL expression in thymus and T cells. To examine the mechanism underlying DES-mediated regulation of Fas and FasL, we performed luciferase assays using EL4 cells or T cells transfected with luciferase reporter constructs containing full length Fas or FasL promoter. There was significant luciferase
induction in the presence of Fas or FasL promoter following DES exposure. Further
analysis demonstrated the presence of several cis-regulatory motifs on both Fas and
FasL promoters. When DES-induced transcription factors were analyzed, ERE,
NF-kB, NF-AT, and AP-1 motifs of Fas promoter as well as ERE, NF-kB, and NFAT motifs of FasL promoter showed binding affinity with the transcriptions factors.
EMSAs were performed to verify the binding affinity of cis-regulatory motifs of Fas
or FasL promoter with transcription factors. There was shift in mobility of probes
(ERE or NF-kB2) of both Fas and FasL in the presence of nuclear proteins from
DES-treated cells and the shift was specific to DES as these probes failed to shift
their mobility in the presence of nuclear proteins from vehicle-treated cells. NFkB1 probes of both Fas and FasL, on the other hand, did not show shift in their
mobility, demonstrating their lack of participation and confirming the results obtained from earlier analysis. These data demonstrate that DES adversely affects
neonatal mice and one of the mechanisms may be by regulating Fas and FasL expression through their cis-regulatroy motifs (Supported in part by NIH grants
P01AT003961, R01AT006888, R01ES019313, R01MH094755).
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MANIPULATION OF THE STANDARD CFU-GM ASSAY:
TARGETED SCREENING ON HEMATOPOIETIC
MYELOID PROGENITORS.

J. E. Damen1, E. Lau1 and A. Eaves1, 2. 1Contract Assay Services, STEMCELL
Technologies Inc., Vancouver, BC, Canada and 2Terry Fox Laboratory, BC Cancer
Agency, Vancouver, BC, Canada.
A key feature of hematopoietic stem cells and their progeny is that their proliferation and differentiation can be regulated by external stimulation from various cytokines. Cytokines differentially affect intracellular signaling pathways to direct lineage commitment and differentiation in hematopoietic progenitors which give rise
to mature cell types such as granulocytes, monocyte/macrophages and red blood
cells. The development of compounds that specifically target key components of
these hematopoietic signalling pathways has increased dramatically; most notable
are the class of kinase inhibitors. A crucial tool to the continued discovery and characterization of kinase inhibitors is the use and modification of the colony forming
cell-granulocyte, monocyte (CFU-GM assay). This in vitro clonogenic assay is the
current gold standard for the quantification of myeloid hematopoietic progenitors
in clinical samples. By manipulating the type and concentrations of cytokines
within the medium formulations, this assay can be customized to support growth
of specific myeloid progenitors (CFU-G, CFU-M, or CFU-GM), allowing differential assessment of the effects of compounds on the cell populations of interest.
We evaluated various media formulations to establish the ideal growth conditions
for detecting inhibition of myeloid progenitors from human bone marrow samples.
We then tested different tyrosine kinase inhibitors to determine IC50 and IC90
values for each progenitor population. Differential effects were observed in the
IC50 values of Sunitinib and Imatinib on CFU-M and CFU-G. In addition, IC50
values obtained for these compounds on CFU-G inhibition are similar to what is
reported in literature and more importantly shown to be clinically relevant, with
the more potent IC50 values correlating with an increased incidence of clinical neutropenia.

1585

CROSS SPECIES COMPARISON OF IMMUNE
STIMULATION IN WHOLE BLOOD FOLLOWING
TREATMENT WITH SIRNA-CONTAINING LIPID
NANOPARTICLES.

J. Marlowe1, S. Voytek1, V. Jeliazkova1, J. Baryza2, K. Bowman3, K. Henson4,
J. Moggs5, D. Morrissey3, J. Omerza4, A. Pomerantz3, L. Talbot4 and C.
Vargeese3. 1Investigative Toxicology, Preclinical Safety, Novartis Institute for
Biomedical Research, Cambridge, MA, 2Global Discovery Chemistry, Novartis
Institutes for Biomedical Research, Cambridge, MA, 3RNAi Therapeutics, NIBR
Biologics Center, Novartis Institutes for Biomedical Research, Cambridge, MA,
4Immunotoxicology, Preclinical Safety, Novartis Institutes for Biomedical Research,
East Hanover, NJ and 5Investigative Toxicology, Preclinical Safety, Novartis Institute
for Biomedical Research, Basel, Switzerland. Sponsor: R. Dugyala.
Therapeutics based on RNA interference have the potential to address a wide range
of molecular targets, including those considered intractable using traditional small
molecule and protein-based approaches. However, several hurdles remain in profiling and mitigating safety concerns for this novel drug class. Efforts are currently underway to characterize toxicity findings associated with the use of small interfering
RNA (siRNA)-containing lipid nanoparticles (LNPs) in vivo, and to model these
findings using in vitro and ex vivo systems. One ex vivo method that has been used
to assess the potential for innate immune stimulation involves incubating siRNAcontaining LNPs in whole blood and studying the induction of inflammatory cytokines and chemokines. The aim of this work was to analyze the immunostimulatory properties of LNP-formulated siRNAs in whole blood from human,
cynomolgus monkey, dog, and rat in order to compare differential sensitivity and
particle uptake across toxicologically and clinically relevant species. Follow up experiments will help to identify relevant mechanisms of immune stimulation associated with LNP-formulated siRNAs including the contributions of both the lipid
and nucleic acid components, and will help to optimize toxicology species selection
for supporting first in human studies.
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HUMAN DENDRITIC CELL BASED MODEL (DC-100)
FOR IMMUNOTOXICITY STUDIES.

S. Ayehunie, A. Hunter, M. Spratt, A. Armento and M. Klausner. MatTek
Corporation, Ashland, MA.
The immune system can be the target of a broad variety of chemicals in the form of
environmental contaminants, medicaments, fabrics, pesticides, food additives and
preservatives, and day-to-day household products with adverse effects to human
health. Immunotoxicants can induce suppressive or stimulatory responses and
DNA damage in components of the immune system. In this study, dendritic cells
(DC) were used to monitor immunotoxicant induced phenotypic changes (surface
marker expression), functional alteration (cytokine release), and DNA damage
(comet assay). We evaluated the effect of 5 immunotoxic compounds (ITC) and 2
reproductive hormones, estradiol and progesterone, on DC responses. Finally we
checked DNA damage of DC following treatment with the carcinogenic agent,
methyl methanesulfonate (MMS). DC were exposed to non-cytotoxic concentrations of the ITC or hormones for 24 hr and then to LPS for an additional 18 hr.
FACS analysis of ITC-exposed DC showed effects in the rank order of immunotoxicity (severe to low effect): Tributyltin chloride > Cyclosporine A >
Benzo(a)pyrene > Fursemide and Urethane. Dose-dependent decreases in the secretion of immuno-stimulatory cytokines including interleukin (IL)-12, IL-6, and IL1β were observed. Furthermore, treatment of DC with the reproductive hormones,
estradiol and progesterone, showed a decrease in lipopolysaccharide-induced CCR7
expression and IL-12 secretion. Exposure of DC to MMSalso showed dose dependent DNA damage. Conclusion: The release of immunostimulatory cytokines and
DNA damage may serve as endpoints to predict immunotoxicity. Due to concerns
with animal models in terms of cost, ethical issues, and relevance to hazard assessment in humans, the human primary DC based assay is an attractive in vitro model
to predict the immunotoxicity of compounds and formulations.
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IDENTIFICATION OF IMMUNOSUPPRESSIVE
COMPOUNDS USING A HUMAN T-CELL
PROLIFERATION ASSAY.

R. Pieters1, 2, J. Ten Klooster2, D. Fiechter1, A. Kleensang3, E. Corsini4, R.
Vandebriel5, M. Teunis2 and C. Krul6. 1Institute for Risk Assessment Sciences,
Utrecht University, Utrecht, Netherlands, 2Research Centre Technology & Innovation,
Utrecht University of Applied Sciences, Utrecht, Netherlands, 3ECVAM, IHCP, DG
JRC, Ispra, Italy, 4Department Pharmacological Sciences, University of Milan, Milan,
Italy, 5RIVM, Bilthoven, Netherlands and 6TNO, Zeist, Netherlands.
Validated alternative immunotoxicity assays are highly warranted in view of
REACH. Based on previous studies, we have selected the human CD3-CD28 Tcell proliferation assay as a promising in vitro test to predict a compound’s im-

munosuppressive potential. This assay is based on detection of CD3/CD28-mediated proliferation of freshly isolated human peripheral blood mononuclear cells
(PBMC). In this study, interhuman variability of 11 different donors has been
tested using D-mannitol (negative control compound) and rapamycine (positive
control compound). Next, 20 coded compounds of which 10 immunosuppressive
(Tacrolimus, Acrolein, Atrazine, Methotrexate, Azathioprine Diazepam, MethylMercury, Ethylcarbamate, Cyclosporin-A and Zealenol) and 10 non-immunosuppressive (Cimetidine, Doxycycline, Furosemide, Selegiline, Naloxone, Vitamine C,
Temazepam, Caffeine, Methylcarbamate, Aspartame) were tested in three laboratories. Results indicate that despite the high variability each donor allowed correct
discrimination of immunosuppressive potential. Statistical analyses of the proliferation data of the 20 compounds revealed a test-sensitivity (correct prediction of immunosuppressive chemicals) of 76% and a test-specificity (correct prediction of
non-immunosuppressive chemicals) of 83%. The lack of immunosuppressive effect
of the false negatives, methotrexate and ethylcarbamate, may be due to lack of metabolism and one of the false positives, doxycycline recently appeared to pro-apoptotic. In conclusion, the human T-cell proliferation assay may be a promising candidate for in vitro evaluation of immunosuppressive activity with high sensitivity
and specificity.
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DEVELOPMENT AND VALIDATION OF A
NONRADIOACTIVE NK LYSIS ASSAY IN MOUSE
SPLENOCYTES.

M. Perpetua and G. Bannish. Huntingdon Life Sciences, East Millstone, NJ.
Sponsor: C. Auletta.
The ability of natural killer (NK) lymphocytes to detect and kill target cells such as
virally-infected or tumor cells is an important aspect of the innate immune system.
This function may become compromised after administration of immunotoxic test
material, which is why it is important to monitor the immune system with cellbased assays. Detection of lytic activity in vitro requires combining NK-containing
effector (E) cells with labelled target (T) cells at various T:E ratios and subsequent
detection of lysed target cells. Assays which measure Cr51 released into the supernatant from lysed target cells have been used extensively, but suffer from spontaneous lysis and radioactivity concerns. A Toxilight Adenylate Kinase (AK) kit, a
DELFIA EuTDA Cytoxicity Kit, and a CFDA Flow Cytometry assay were evaluated as alternative detection methods. The Toxilight AK kit lacked specificity, detecting secreted AK from target and effector cells. The EuTDA assay had a low signal to noise ratio of 1.5:1 when comparing total lysis to spontaneous lysis. The
CFDA Flow Cytometry assay was determined to be specific and selective, and chosen for continued method development and validation. In the assay YAC-1 target
cells were labelled with a fluorescent tag (Carboxy-fluorescein diacetate succinimidyl ester (CFDA)), combined with three different concentrations of murine
splenocytes, incubated, and stained with a 7-Aminoactinomycin D (7AAD) viability dye. Samples were analyzed on a flow cytometry platform, allowing for quick
analysis and quantitation of live and dead target and effector cells, from which percent lysis was calculated. This assay was set-up and analyzed within a single day,
maintaining the integrity of both the target cells and the test samples. The assay developed along with the gating strategy, and the equations used, provide a robust
way to semi-quantitatively measure NK lytic activity of murine splenocytes utilizing a non-radioactive readout.
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FLUORESCENCE BASED IN VIVO PHAGOCYTOSIS
ASSAY TO MEASURE THE FUNCTION OF LIVER
MACROPHAGES OF THE MONONUCLEAR
PHAGOCYTE SYSTEM IN RAT.

K. R. Tartaro1, M. VanVolkenburg1, D. Wilkie2, T. T. Kawabata1 and S.
Casinghino1. 1Immunotox, Pfizer, Groton, CT and 2Investigative Pathology, Pfizer,
Groton, CT.
The mononuclear phagocyte system (MPS), is part of the body’s immune system
and provides protection against infection. It is made up of cells that are phagocytic
and can engulf and destroy bacteria, viruses or other foreign substances.
Suppression of this system leads to increased susceptibility to infection. We have developed a fluorescence based in vivo phagocytosis assay to measure MPS function in
the rat. Kupffer cells (liver macrophages) are a key component of the MPS. Their
function can be affected by immunomodulatory therapeutics or by drug delivery
systems that target the liver. For this assay, the test compound is injected intravenously (IV), 24-48 hours prior to IV injection of pHrodo™ E. coli
BioParticles® (Invitrogen) at 46mg/kg. One hour after the injection of
BioParticles®, the rats are euthanized and the livers are imaged ex vivo using the
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IVIS® Spectrum imaging system. The pH-sensitive pHrodo™ dye will dramatically increase in fluorescence once the particle is phagocytosed and taken up into
low pH phagolysosomes. If the test agent affects the ability of the Kupffer cells to
phagocytose the BioParticles®, a change in fluorescence is measured. In the development of this model, we have titrated BioParticles® showing that liver fluorescence increased as the dose of BioParticles® increased. The specificity of our readout was confirmed by immunohistochemistry showing that BioParticles®
co-localize with Kupffer cell surface markers, ED1 and ED2. Intravenous administration of clodronate liposomes, which deplete Kupffer cells, prior to the administration of the BioParticles®, decreased bioparticle fluorescence in the liver. This
model has the potential to determine if a test agent will affect the ability of the MPS
system to clear foreign materials.

convenient. The overall data suggest it is a sensitive,convenient,accurate and high
flux method for evaluating mouse peritoneal macrophages of phagocytosis with
flow cytometry, which permits rapid quantitative evaluation of the effect of chemicals on phagocytosis in immunotoxicity testing.

1592

FLOW CYTOMETRIC NATURAL KILLER CELL
ANALYSIS: NEW STRATEGIES FOR TOXICOLOGICAL
ASSESSMENT IN NONHUMAN PRIMATES.

N. Clark, T. Warren, T. Salewsky, C. Cornwall, N. Pratt, M. Reid, P. Franklin
and T. Beck. SNBL, Everett, WA.

1590

SIMPLIFIED CYTOMETRIC METHODS TO EVALUATE
IMPACTS ON IMMUNE CELL HEALTH IN
CYTOTOXICITY STUDIES.

K. Tyagarajan, J. Clor, K. Tran and K. Gillis. Research and Development, EMD
Millipore, Hayward, CA. Sponsor: R. Wiese.
Immunotoxicity studies require an understanding of impacts of compounds and
conditions on immune cell sub-populations. These studies are complicated and
cumbersome to perform since they require parallel identification of immune cells
and identification of impact of the treatment condition on immune cell health.
Further these studies are harder to extrapolate to multiple donors due to the larger
amounts of peripheral blood mononuclear cells ( PBMC’s) traditionally required
for such studies. We present here approaches using microcapillary cytometry, small
cell sample sizes and simplified approaches to investigate changes in features such as
mitochondrial potential changes, annexin V–based apoptosis detection or caspase
assays in CD4 and CD8 T cell populations simultaneously. The approaches thus
provide information in change in immune cell population and a snapshot of immune cell health. Some of the assays have been optimized to work in a no wash
fashion thus preventing loss of precious apoptotic or dead cells. In a screening study
with 80 cytotoxic compounds, PBMC’s from multiple donors were treated with cytotoxic compounds and then evaluated for their impacts on CD4 and CD8 T cells
and their immune cell health using immune cell health assays followed by flow cytometry on the guava easyCyte cytometry platform. The studies identified several
compounds such as gambogic acid, thimerosal, phenylmercuric acetate, 2,6
dimethoxyquinone and sanguinarine sulfate which caused high levels of apoptosis
in both CD4 and CD8 T cells with overnight treatment with some of them having
differential effects on individual sub-populations. Study of apoptosis and cell death
mechanisms in immune cell subpopulations simultaneously can provide valuable
information on identified stressed cells, and understanding the compound’s mode
of action especially on immune cell populations.

Natural Killer (NK) cells lack a single immunophenotypic attribute or unique antigen receptor that can universally define them. The large number of receptors that
NK cells use to identify their targets makes it difficult to distinguish the entire NK
cell population in nonhuman primates with a single marker. Flow cytometric analysis of humans samples typically use CD56 in conjunction with CD16 as a total NK
cell marker, however the CD56 antigen is not cross-reactive with cynomolgus monkey NK cells. Traditional flow cytometric approaches for measuring total NK cells
in nonhuman primates use CD3-CD16+ or a negative exclusion perspective such
as CD3-CD20- to distinguish the cell population. These conventional approaches
run the risk of excluding subsets of NK cells that are immunologically relevant and
typically yield low intensity staining that causes difficulties in consistent population
gating The fringe populations that are not captured by these assessments may hold
evidence of unknown (possibly advantageous) drug effects. Taking the total population into consideration allows for a deeper understanding of the drug’s effects on
the immune system. Here we evaluate new immunophenotyping strategies for NK
cells using newly available NK cell markers and gating strategies not conventionally
used for nonhuman primates. To demonstrate the best approach for total NK cell
analysis, testing was conducted on sexually mature cynomolgus monkeys, using isolated leukocytes from whole blood; each sample was stained with cell surface markers against CD3, CD20, CD16, CD159a, CD335, CD337, and NKp80. Data was
evaluated individually and in combination with other markers to determine the
strategy that would most easily distinguish and capture the complete NK cell population. These strategies were compared and discussed for feasibility and risk management.
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AN IMPROVED METHOD FOR
IMMUNOPHENOTYPING IN THE CYNOMOLGOUS
MONKEY.

J. S. Hincks and C. M. Kirton. Biologics and Biomarkers, HLS, Alconbury, United
Kingdom. Sponsor: D. Mitchell.
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FLOW CYTOMETRY AS A TOOL TO EVALUATE MOUSE
PERITONEAL MACROPHAGES OF PHAGOCYTOSIS IN
IMMUNOTOXICITY TESTING.

Z. Li, J. Huang and Q. Huang. Center for Disease Control and Prevention of
Guangdong Province, Guangzhou, Guangdong, China.
Phagocytosis is extremely complex, no single model can fully account for the diverse structures and outcomes associated with particle internalization. Phagocytosis
by macrophages is critical for the uptake and degradation of infectious agents and
senescent cells, and it participates in development and tissue remodeling.
Phagocytosis by macrophages may be important to the role in the immune response, and it’s an important indicator in immunotoxicity evaluating. The mouse
peritoneal macrophages may be induced to phagocytose particles in vivo and in
vitro. Of special interest is the fluorescence beads(2μm), that is able to be phagocytosed by mouse peritoneal macrophages, and the fluorescence of cells phagocytosed
fluorescence beads is able to be measured by Flow cytometry. The aims for the present study are thus; (1) to evaluate the mouse peritoneal macrophages of phagocytosis in vivo by flow cytometry, and (2) to evaluate the mouse peritoneal macrophages
of phagocytosis in vitro by flow cytometry. The effect of different chemicals on
mouse peritoneal macrophages of phagocytosis in vivo and in vitro were analyzed by
flow cytometry. Hydrocortisone and dexamethasone showed the reducing in the
mouse peritoneal macrophages of phagocytosis, while levamisole showed the increasing, other chemicals were found different effects. Through comparing two
methods of in vivo and in vitro for measuring the mouse peritoneal macrophages of
phagocytosis treated with hydrocortisoneh or levamisole, we found the mouse peritoneal macrophages of phagocytosis could be accurate and high flux detected by
two methods of in vivo and in vitro,but the method of in vivo is more sensitive and
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The measurement of the number and activation status of leukocytes in the peripheral blood, lymph nodes and spleen are key indicators of the effects of biopharmaceuticals on the immune system. Here we describe the development and validation
of a panel of commercially available antibodies that takes advantage of recent developments in both reagent and instrumentation technology to allow the rapid and reliable quantification of the number and phenotype of key cell populations in the
Cynomolgous monkey tissues.
Blood was collected from six Cynomolgous monkeys at weekly intervals for 4 weeks
and at the end of the study terminal blood samples, bone marrow and lymph nodes
were also collected. To measure the cellular distribution in these tissues we have designed panels of NHP specific antibodies to determine T (CD3), B (CD20) and
NK cells (CD3-/CD16+), monocytes (CD14), and neutrophils (CD16). The activation status of CD4+/CD8+ was determined using CD25 and CD69 expression,
and the activation of B-cells by HLA-DR. Further panels have been defined using
cell surface markers to determine subsets of T cells including Th1 (CD195), Th17
(CD196), Tnaive (CD45RA/CD184) and Treg (CD45RA/CD25). Initially we
have conducted a comparison of lysing method for removal of red blood cells
(RBCs) using the ImmunoprepTM reagent system, FACS Lysing solution and
VersalyseTM. Following this we have evaluated the optimum titre of each antibody
by staining at a range of concentrations. We then proceeded to validate the assay for
Inter and intra -assay precision and operator to operator variation according to
FDA guidelines. Finally sample stability by measured by comparing two samples
one analysed on the day of preparation and the other fixed, stained, stored cold and
analysed after 24 hours and 48 hours. Additionally fresh blood was stored at room
temperature and then stained, fixed and analysed after 24 and 48 hours. These data
demonstrate the development and validation of a flow cytometry antibody panel
for the gross immunophenotyping and T cell subset analysis of the Cynomolgous
monkey.
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IMMUNOPHENOTYPING COMPARISON OF CELLS
ISOLATED IN-LIFE AND AT NECROPSY FROM
BRONCHOALVELOAR LAVAGE (BAL) FLUID,
OBTAINED IN THE CYNOMOLGUS MONKEY.

1596

LYMPHOCYTE SUBSET ANALYSIS IN THE DOG:
NORMAL RANGE IN CONTROL ANIMALS AND
EFFECTS OF CYCLOPHOSPHAMIDE AND
CYCLOSPORINE.

V. Leighton, A. Head, J. Miller, G. Hale and S. A. Kirk. Covance Laboratories
Ltd, Harrogate, United Kingdom.

C. Bouchez1, J. Legrand1, C. Mimouni1, T. Ameller1 and J. Descotes2.
1CiToxLab France, Evreux, France and 2Poison Center, Lyon, France.

In-life assessment of the immune system is often restricted to blood measurements.
Administration of test item via the inhaled route or when the lung is targeted can
mean any changes in blood are secondary and sampling from BAL fluid is more appropriate. Sampling BAL fluid is often performed at necropsy and sampling during
the study requires additional animals. This study’s objectives were to determine the
feasibility of repeat in-life BAL in the cynomolgus monkey and perform immunophenotyping, by flow cytometry, from the isolated cells.
BAL sampling was performed in-life on three, anaesthetised, cynomolgus monkeys
at weekly intervals on 3 occasions. BAL samples were also taken at necropsy to provide comparative data.
Results from in-life samples were consistent on all 3 occasions. The largest population of cells were CD14+/MHC class II+ (20-55%) followed by CD3+ T cells (1830%). CD3/CD4+ and CD3/CD8+ T cells were typically < 15% of total cells,
whilst MHC class II+/CD14- and MHC class II-/CD14+ cells each constituted 2
to 7.5%. At necropsy, a marked mean decrease in the proportion of CD3+ T cells (54%) was observed, which was due mainly to the loss of double negative T cells
only as no change in CD3+/4+ and CD3+/8+ proportions were observed.
Proportions of MHC class II+/CD14- and MHC class II-/CD14+ cells, at
necropsy, were similar to those observed in-life but a marked increase (> +5-fold)
was noted in CD14+/MHC class II+ cells.
Repeated in-life sampling was generally well-tolerated in all animals.
In conclusion, in-life sampling of BAL fluid in monkey provides a method for
quantifying immune cells of the lungs, however the differences observed between
samples taken in-life and at necropsy warrant further investigation as they may have
implications for interpretation of suspected treatment-related changes to the immune system.

Lymphocyte subset analysis is commonly included in immunotoxicity rodent studies, but there is lack of data in the dog. In the first part of this study, analysis of
blood lymphocyte subpopulations with a Navios flow cytometer was validated for
lack of non-specific binding, linearity and precision using PE-LSM 11.425 antibody for B cells, APC-LSM 8.358 antibody for total T cells, PE-LSM 12.125 antibody for CD4, and FITC-LSM 1.140 antibody for CD8. Lymphocyte subsets were
quantified in 37 and 48 blood samples taken from male and female control Beagle
dogs, respectively. In the second part of this study, groups of 3 male and 3 female
Beagle dogs were treated orally with either 2 mg/kg cyclophosphamide on 4 days
each week or 25 mg/kg cyclosporine daily or the same volume of drinking water
daily, for 4 weeks starting on day 1. Lymphocyte subsets were analyzed 10 days before the start of treatment, and then on days +11, +18 and +28 with the previously
validated method, and in addition with PE-YKIX302.9 antibody for CD4, Alexafluor 647-YCATE 55.9 antibody for CD8 and FITC-CA.17.2A12 antibody for
CD3. Values in control beagles obtained with the validated assays were 0.57 ± 0.17
G/L, 1.86 ± 0.43 G/L, 1.19 ± 0.33 G/L, and 0.39 ± 0.10 G/L for B, total T, T
helper, and T cytotoxic lymphocytes, respectively in males, and 0.55 ± 0.20 G/L,
1.99 ± 0.47 G/L, 1.31 ± 0.36 G/L, 0.41 ± 0.10 G/L, respectively in females. BlandAltman correlation plot showed that both markers gave identical results for T
helper cell counts, while labeling with AF647-YCATE 55.9 antibody resulted in a
constant mean bias of +0.3 G/L compared to the FITC-LSM 1.140 antibody for T
cytotoxic cell counts. Inter-day variation in control dogs was low over the 40-day
observation period. No effects of cyclosporine on any lymphocyte subset were observed. Cyclophosphamide markedly decreased lymphocyte counts from day+11,
correlating with decreases in T helper and B lymphocytes.

1595

1597
FROM IMMUNOTOXICITY IDENTIFICATION TO
BIOMARKER ANALYSES: DEVELOPMENT OF HIGHTHROUGHPUT FLOW CYTOMETRY-BASED
METHODS FOR T LYMPHOCYTE SUBSET
CHARACTERIZATION IN PRIMATES AND HUMANS.

M. P. Bernard, H. G. Haggerty and W. J. Freebern. Immunotoxicology, BristolMyers Squibb, New Brunswick, NJ.
Adaptive immunity is a critical component of host defense, protecting organisms
against invading pathogens. The adaptive immune repertoire consists of naïve, effector and memory lymphocytes that drive specific and directed attacks against
these pathogens. T lymphocytes, in particular, are central for potentiating these immune responses and understanding how their activity can be influenced by pharmacologics is an increasingly important component of drug safety evaluation. We
have developed a high-throughput method to characterize T cell subsets in human
and non-human primate whole blood, as well as assess activation, through intracellular cytokine staining (ICS). Memory and naïve T lymphocytes in both species
were characterized by CD3, CD4, CD8, CCR7, CD45RA, CD95 and CD28 expression in a designed cross-species flow cytometric antibody staining panel.
Peripheral human and non-human primate whole blood culture and subsequent
ICS for IFN-gamma, IL-2 and TNF-alpha was also investigated. T Lymphocytes
were activated in a polyclonal fashion with phorbol 12-myristate 13-acetate and
ionomycin or in an antigen-specific manner, following restimulation with vaccine
antigens. Our data detail the qualitative similarities between human and nonhuman primate T cell subsets and cytokine profiles following stimulation in whole
blood. Non-human primate multi-parametric T cell staining analysis can be used
to evaluate ex vivo drug immunotoxicities for compounds that are immuno-modulators or immune-depleting agents which may influence T cell subset phenotypes or
activation. Further, this technique is useful for the assessment of in vitro drug toxicity and evaluation of clinical biomarkers. The versatility of the multi-parametric
flow cytometry platform makes it an important tool in both pre-clinical and clinical safety assessments of immuno-modulatory agents and investigations of any potential influence on the adaptive immune system.

EFFECTS OF CYCLOPHOSPHAMIDE AND
CYCLOSPORINE ON PRIMARY IGM AND IGG
ANTIBODY RESPONSES TO KLH IN THE DOG USING
A SPECIES-SPECIFIC ELISA ASSAY.

J. Legrand1, C. Bouchez1, J. Freche2, A. N’Guyen1, J. Bouchard1, T. Ameller1
and J. Descotes3. 1CiToxLab France, Evreux, France, 2Atlanbio, Saint-Nazaire,
France and 3Poison Center, Lyon, France.
Limited nonclinical immunotoxicity data is available in the dog, although this is a
major non-rodent species in regulatory safety studies. In this study, groups of 3
male and 3 female Beagle dogs were treated orally with either 2 mg/kg cyclophosphamide 4 days each week or 25 mg/kg cyclosporine daily or the same volume of
drinking water daily, for 4 weeks. They received an IM injection of 3 mg KLH on
day +11. Blood samples were withdrawn pre-test and on days +18 and +23 to measure anti-KLH IgM and IgG levels by a specific sandwich ELISA assay using goat
anti-dog-IgM and rabbit anti-dog-IgG secondary antibodies. To set up this assay, 3
dogs were immunized with KLH. Specific anti-KLH polyclonal IgM and IgG solutions were prepared from pooled serum samples by chromatography successively
using KLH-coupled NHS Sepharose and protein A affinity columns. They were
characterized by 2-D gel electrophoresis and used for the preparation of the standard (9 levels) and QC solutions (5 levels including LLOQ at 20 ng/mL and
ULOQ at 5000 ng/mL) for the calibration of the ELISA response curves. The
whole analytical procedure was validated for specificity, precision and accuracy, repeatability, for sample dilution up to 1/2000 for IgM and 1/5000 for IgG, and
short-term, long-term and freeze-thaw cycle analyte stability. No non-specific binding for IgG and minimal non-specific binding in a few animals for IgM were observed in dog serum samples taken before the start of treatment and KLH immunization. High IgM and IgG responses were observed in control dogs with observed
maxima at 7 and 12 days post-KLH injection, respectively. As compared to controls, no differences were observed in IgM and IgG levels in cyclophosphamidetreated animals, whereas cyclosporine decreased IgM and IgG primary response to
KLH in females and in both males and females, respectively.
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VALIDATION OF A T-DEPENDENT ANTIBODY
RESPONSE TO KLH IN CYNOMOLGUS MACAQUE.

G. Bannish1, T. Ramani2, M. Perpetua3 and J. Doughty4. 1Biopharmaceutical
Development, Huntingdon Life Sciences, East Millstone, NJ, 2Safety Assessment,
Huntingdon Life Sciences, East Millstone, NJ, 3Huntingdon Life Sciences, East
Millstone, NJ and 4Biologics and Biomarker Services, Huntingdon Life Sciences, East
Millstone, NJ. Sponsor: C. Auletta.
We have utilized the keyhole limpet hemocyanin (KLH) antigen to generate a T
lymphocyte dependent antibody response (TDAR) in cynomolgus macaque.
Methods were developed and validated for measurement of IgG and IgM antibody
responses to KLH in cynomolgus sera by modification of commercial kits using a
sandwich enzyme-linked immunosorbent assay (ELISA). Validation tests performed included inter-assay and intra-assay precision and accuracy with low, mid,
and high quality control (QC) samples. The range of quantification was determined to be 3.13 to 150 Units/mL for IgG and IgM in cynomolgus serum.
Dilutional linearity was determined to be within 20% from 200 to 76,887 fold for
IgG and 1,000 to 32,000 for IgM. Stability was determined utilizing tests for 4
freeze thaw cycles and temperatures at ambient, 2-8°C, -20°C, and -80°C. The
method is semi-quantitative with results indicative of inverse titer values. In order
to assess cynomolgus-derived antibodies to KLH, two animals were administered a
single 10 mg dose of KLH without adjuvant subcutaneously between the shoulder
blades. A primary antibody response for IgM peaked at Day 7 and fell at Day 21
(48 and 36-fold above background, respectively), whereas IgG responses were detectable at Day 7 and continued to rise by Day 21 (148 and 225-fold above background, respectively). Six additional animals were treated with a sub-optimal dose
of 0.75 mg/kg/day for 21 days with FK506 via oral gavage to assess detection of immunosuppression. A primary and secondary boost with KLH occurred on Days 8
and 15, respectively, and antibody responses were lowered but still detectable in
dosed animals at multiple timepoints following KLH immunization. In summary,
we have validated an assay to detect TDAR responses in Cynomolgus macaque and
verified its performance with and without immunosuppressive agents in vivo.
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M. Iscan1, T. G. Ada1, A. O. Ada1, S. C. Kunak2, S. Alpar3 and M. Gulhan3.
1Toxicology, Ankara University Faculty of Pharmacy, Ankara, Turkey, 2Pharmacology,
Giresun University Faculty of Medicine, Giresun, Turkey and 3Pulmonary Diseases,
Ataturk Pulmonary Diseases and Thoracic Surgery Hospital, Ankara, Turkey.
In recent years there is a growing evidence that ethnic differences exist in the frequency of glutathione S-transferase Omega 1 (GSTO1) (A140D) gene polymorphism with which associations have also been reported for various cancers such as
breast and liver. However, no data exists concerning lung cancer in this respect. In
this study, GST O1 (A140D) gene polymorphism was determined among 214 unrelated healthy individuals of a Turkish population. In addition, 172 non-small cell
lung cancer (NSCLC) patients were studied in order find out whether this gene
polymorphism is associated with NSCLC susceptiblity in a Turkish population.
The frequency of GSTO1 (A140D) gene polymorphism was determined by using
the polymerase chain reaction-restriction fragment length polymorphism
(PCR/RFLP) method. In 214 healthy individuals, the observed frequencies of
A140A (wild type), A140D (heterozygous variant) and D140D (homozygous mutant) GSTO1 (A140D) genotypes were % 48,60, % 40,65 and % 10,75 respectively. No significant sex differences were noted in the genotype frequencies. The allele frequencies of GSTO1 (A140D) polymorphism were 0.689 for A140 and
0.311 for D140. The statistical analysis showed no difference in genotypic distribution between overall NSCLC (OR 1.04, CI 95 %; 0.65-1.66, p=0.875) and control
or subtypes of NSCLC (adenocarcinoma, OR1.45, CI 95 %; 0.71-2.96, p=0.307:
squamous cell carcinoma, OR 0.87, CI 95 %, 0.47-1.61, P=660) and control.
These results show that the frequencies of GST (A140D) gene polymorphism in a
Turkish population is similar to Caucasian populations and that this polymorphism
is not associated with susceptibity to NSCLC in a Turkish population (Supported
by the Research Fund of Ankara University, Grant, 2008-08-03-006HPD).
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CANDIDA ALBICANS DELAYED-TYPE
HYPERSENSITIVITY MODEL IN JUVENILE RATS:
EVALUATION OF IMMUNOSUPPRESSION BY
PHARMACEUTICAL DRUGS.

M. Collinge1, M. Thorn1, V. Peachee2 and K. L. White2. 1Pfizer, Groton, CT and
2ImmunoTox, Inc., Richmond, VA.
The delayed-type hypersensitivity (DTH) response is used widely to assess immunosuppression by both environmental chemicals and pharmaceuticals. DTH responses (type IV hypersensitivity reactions) are driven by antigen-specific T-cells
and do not involve the production of antigen-specific antibodies . However, a number of antigens frequently used to elicit a DTH response (e.g., keyhole limpet hemocyanin) are also used to evaluate humoral immunity. Therefore, even in optimized systems which use these antigens, antibody production may confound the
DTH response. Recently a DTH model was established in mouse which used
Candida albicans as the sensitizing agent, with subsequent challenge using chitosan.
This model produces a robust DTH response and is devoid of antigen-specific antibody production. We evaluated this model for use in juvenile rats as a means to assess the developing immune system for immunosuppression with pharmaceutical
drugs. Parameters optimized in this DTH footpad swelling assay included the
number of Candida organisms used for sensitization, time between sensitization
and challenge (challenge interval), and quantity of chitosan used for challenge. The
optimized protocol established 2x107 formalin-fixed Candida organisms for sensitization, with a peak challenge interval of 10 days. The model was validated in juvenile rats dosed with known immunosuppressive compounds, including dexamethasone (0.003-3.0 mg/kg/day), cyclosporine (1-30 mg/kg/day) and
cyclophosphamide (5-30 mg/kg/day).Rats were dosed from PND 23-37, with sensitization on PND 28. Animals were challenged with chitosan by footpad injection
on PND 38 and footpad swelling determined 24 and 48 hours later. Juvenile rats
generated a robust DTH response which was suppressed in a dose-dependent manner by each of the compounds tested. We believe that this DTH model is a valuable
addition to the toolbox for developmental immunotoxicity testing for pharmaceutical drugs, and fills a critical gap identified in recent workshops.

GLUTATHIONE S-TRANSFERASE OMEGA 1 (A140D)
POLYMORPHISM IN A TURKISH POPULATION: IS
THERE ANY ASSOCIATION WITH SUSCEPTIBILITY TO
LUNG CANCER ?

CATALASE CAN PROTECT CELLS AGAINST THE
GENOTOXIC EFFECTS OF MONOMETHYLARSONOUS
ACID.

J. G. Muniz Ortiz, K. Wallace and A. D. Kligerman. ORD, NHEERL, US EPA,
Research Triangle Park, NC.
Although it is widely known that arsenic-contaminated drinking water causes cancer and other health effects, its exact mode of action (MOA) is not fully understood. Induction of oxidative stress has been proposed as a key event in the MOA of
arsenic. Our studies are centered on identifying a reactive oxygen species involved
in the genotoxicity of arsenic using a catalase (Cat) knock-out mouse model, which
is impaired in its ability to break down hydrogen peroxide (H2O2) that leads to an
increase in hydroxyl radicals (OH). We assessed the induction of DNA damage
using the comet assay following exposure to monomethylarsonous acid (MMAIII)
of Cat+/+ and Cat-/- primary lymphocytes to identify the potential role of H2O2
in mediating cellular effects of this metalloid. Our results showed that the Cat-/lymphocytes are more susceptible to DNA damage following exposure to MMAIII
than the Cat+/+ lymphocytes by a small (1.49-fold), but statistically significant difference. Cat activity assays demonstrated that liver tissue has ~3 times more Cat activity than lymphocytes. Therefore, comet assays were performed on primary
Cat+/+, Cat+/-, and Cat-/- hepatocytes to determine if the Cat-/- hepatocytes were
more susceptible to MMAIII than lymphocytes. Results with the comet assay
showed that the Cat-/- hepatocytes exhibit higher levels of DNA strand breakage
than did Cat+/+ and Cat+/- hepatocytes exposed to MMAIII. Our experiments
suggest that Cat is involved in protecting cells against MMAIII-generated H2O2,
and that OH might be involved in its genotoxicity pathway. Furthermore, individuals afflicted with genetic polymorphisms in their Cat gene could exhibit altered
susceptibility to arsenic toxicity. [This is an abstract or proposed presentation and
does not necessarily reflect EPA policy.]
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NQO1*2 POLYMORPHISM MODIFIES THE DNA
DAMAGE IN MEXICAN CHILDREN
ENVIRONMENTALLY EXPOSED TO BENZENE.

I. Alvarado-Cruz1, M. Sánchez-Guerra1, L. Hernández-Cadena2, V. PérezMonroy1, M. J. Solís-Heredia1, N. Pelallo-Martínez1, F. Díaz-Barriga3, P.
Escalante-Galindo4 and B. Quintanilla-Vega1. 1Toxicology Department, CinvestavIPN, Mexico City, Mexico, 2INSP, Cuernavaca, Mor, Mexico, 3Faculty of Medicine,
UASLP, SLP, Mexico and 4Hospital Juárez de México, Mexico City, Mexico.
Benzene is an air urban pollutant considered a potent carcinogen, mainly to children, one of the most vulnerable populations. It is deactivated by NADP(H)quinone oxidoreductase (NQO1), among other enzymes. NQO1*2(C/T) variant
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is considered a null-polymorphism; therefore it is a factor in the susceptibility to
benzene toxicity. We evaluated the role of gene-environment interaction on DNA
damage in children from Ecatepec, Mexico State, Mexico. This county is one of the
most industrialized, populated and polluted in Mexico. A cross-sectional study was
conducted in 190 children (7-10 years old) from 3 elementary schools. Blood and
urine samples were obtained, a medical examination was done and parents answered a structure questionnaire. The metabolite t,t-muconic acid (t,t-MA) was
quantified by reverse phase HPLC as a benzene exposure indicator, DNA damage
in mononuclear cells was determined by the Comet assay, DNA oxidation by 8OHdG levels, and NQO1*2 variant by RTq-PCR. Fifteen percent of children had
t,t-MA levels higher than the limit for workers (500 μg/g Cr), and we observed genetic and oxidative damage in mononuclear cells. After stratifying benzene exposure in tertiles, TT children in the second tertile had significantly more DNA damage (OTM values) than the reference group (first tertile and wild-type), while CT
or TT children had about 2-fold higher (p<0.05) 8-OHdG levels than the reference
group. This indicates that children from Ecatepec County are exposed to high benzene concentrations and that NQO1*2 polymorphism modulates DNA damage
caused by benzene exposure in children (Supported by CONACyT-Mexico, Grant
#106034).

1603

FUNCTIONAL CHARACTERIZATION OF ALLELIC
VARIANTS OF HUMAN CYTOCHROME P450 2A6.

S. Choi, S. Han, H. Park, Y. Lim, H. Lee, J. Kim and D. Kim. Biological
Sciences, Konkuk University, Seoul, 143-701, Republic of Korea. Sponsor: H. Jeong.
Cytochrome P450 2A6 (CYP2A6) catalyzes important metabolic reactions of many
xenobiotic compounds including coumarin, nicotine, cotinine, and clinical drugs.
Genetic polymorphism of CYP2A6 can influence on the metabolic activities of
CYP2A6. In this study, we have analyzed the functional activities of six CYP2A6 allelic variants (CYP2A6*5, *7, *8, *18, *19, and *35) containing nonsynonymous
SNPs, which were found in Asian populations with high frequencies. Recombinant
variant enzymes of CYP2A6*7, *8, *18, *19, and *35 were successfully expressed in
Escherichia coli and purified. However, no P450 holoenzyme spectrum was detected for CYP2A6*5 allelic variant (G479V). Structural analysis showed that
G479V mutation may alter the interaction between both of A helix and F-G helices
regions. Enzyme kinetic analyses indicated that the effects of mutations in CYP2A6
allelic variants on drug metabolism are very dependent on substrates. Functional
characterization of these allelic variants of CYP2A6 can be expected to define the
importance of CYP2A6 polymorphism in the metabolism of many clinical drugs.

morphism may modulate PAH metabolism and toxicity, suggesting an increased
health risk for children exposed to high PAH environmental levels. (Supported by
CONACYT-México Grant #87234).

1605

E. D. Molina-Servín1, R. Pérez-Morales1, J. Rubio1, P. Petrosyan1, L.
Hernández2, V. M. Arlt3, D. H. Phillips3 and M. E. Gonsebatt1. 1Instituto de
Investigaciones Biomédicas, Universidad Nacional Autónoma de México, México,
D.F., Mexico, 2Instituto de Salud Pública, Cuernavaca, Morelos, Mexico and 3Section
of Molecular Carcinogenesis, Institute of Cancer Research, Sutton, Surrey, United
Kingdom.
We investigated 13 single nucleotide polymorphisms (SNP) in genes related to
PAH metabolism (AhR, CYP1A1*2C, CYP1A1*2A, CYP1A1*4, mEH3, mEH4,
GSTM1, GSTT1 and GSTP1), DNA repair (XRCC1, ERCC2/XPD and MGMT
84) and cell cycle (p53) and the PAH-DNA adducts levels in blood leucocytes from
101 healthy volunteers: 50 smokers and 51 non-smokers living in the Mexico City.
DNA was obtained from the buffy coat of blood samples using a standard phenolchloroform extraction. Genotyping was determined according to the different protocols described by Perez Morales et al. (2011; in press). 32P-Postlabelling analysis
was performed according to a standardized procedure as previously described
(Phillips, 2007). Multivariate analyses were performed using the logistic regression
method. All the statistical analyses were run in STATA SE.10. The mean ± SD Ln
levels of adducts measured in white blood cells DNA were 2.09±0.45 adducts/108
nt in smokers and 2.04±0.41 adducts/108 nt in non-smokers. A multiple regression analysis model was generated using the allelic variants associated with higher
risk for adduct formation among smokers and non-smokers. For the haplotype:
AhR arg/arg, GSTM1*0, MGMT 84 phe/phe, XRCC1 arg/gln, and ERCC2
lys/gln with interaction GSTM1*0, MGMT 84 phe/phe, we found a significant association between this haplotype and the formation of DNA adducts among nonsmokers (R2 =0.1821, p=0.0363) and smokers (R2 =0.2202, p=0.0136), the
strongest association was observed with the alleles GSTM1*0 and the repair enzyme MGMT84 phe/phe. The presence of both variants conferred a greater risk for
higher levels of adducts in this Mexican population.
Partially supported by CONACYT46341-M
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GENE-ENVIRONMENT INTERACTIONS ON
POLYCYCLIC AROMATIC HYDROCARBONS (PAH)
METABOLISM AND RELATED DNA DAMAGE IN
CHILDREN.

B. Quintanilla-Vega1, M. Sánchez-Guerra1, N. A. Pelallo-Martínez1, L.
Hernández-Cadena2, S. J. Rothenberg2 and F. Díaz-Barriga3. 1Toxicology
Department, Cinvestav-IPN, Mexico City, Mexico, 2INSP, Cuernavaca, Mor, Mexico
and 3Faculty of Medicine, Universidad Autónoma de San Luis Potosí, San Luis Potosí,
Mexico.
Polycyclic aromatic hydrocarbons (PAHs) are carcinogenic pollutants present in
urban cities and children are most vulnerable to their toxicity. Enzymes involved in
PAH metabolism (activation/deactivation) as CYP1A1, CYP1B1, GSTM and
GSTT are polymorphic, which may explain the interindividual differences in PAH
excretion and toxicity. PAH metabolism determines their toxicity; therefore we
evaluated the modulation of genetic polymorphisms of some enzymes on PAH excretion and genotoxicity in children living in the vicinity of a petrochemical complex area. Children 6-10 years old attending schools located near the industrial area
were included. Urinary 1-hydroxypyrene (1-OHP; as biomarker of PAH exposure)
was determined by reverse-phase-HPLC, DNA damage in blood through the
Comet assay (OTM parameter), CYP1A1*2C and CYP1B1*3 polymorphisms by
real time-PCR while GSTM1*0 and GSTT1*0 by multiplex PCR. Median 1-OHP
value was 0.37 μmol/mol creatinine and children with higher concentrations than
this value had increased DNA damage. Significantly higher 1-OHP concentration
was observed in homozygous children to CYP1A1*2C or CYP1B1*3, as well as in
children carrying the combination of CYP1A1*2C or CYP1B1*3 with GSTM1*0
or GSTT1*0 polymorphisms compared to corresponding wild-type individuals. In
addition, we found a positive interaction (p<0.05) between CYP1A1*2C polymorphism and OTM values in heterozygous children with the highest PAH exposure.
Our data indicated that children living in the surroundings of the petrochemical
area have DNA damage due to high PAH exposure and that CYP1A1*2C poly-

RISK HAPLOTYPES FOR PAH METABOLISM IN A
MEXICAN POPULATION AND THEIR ASSOCIATION
WITH DNA ADDUCT LEVELS IN LEUKOCYTES.

NEW STATISTICAL METHODS USED FOR
LYMPHOBLASTOID CELL LINES DRUG RESPONSE
SHOWS PROMISE IN PHARMACOGENOMICS GENE
DISCOVERY.

C. Brown1, T. Havener2, R. Krauss3, M. Wong-Medina3, K. Long2, H.
McLeod2 and A. Motsinger-Reif1, 4. 1Statistics, North Carolina State University,
Raleigh, NC, 2Institute for Pharmacogenomics and Individualized Therapy,
University of North Carolina at Chapel Hill, Chapel Hill, NC, 3Children’s Hospital
Oakland Research Institute, Oakland, CA and 4Bioinformatics Research Center,
North Carolina State University, Raleigh, NC. Sponsor: D. Reif.
Cytotoxicity assays of immortalized lymphoblastoid cell lines (LCLs) represent a
promising new approach in pharmacogenomics discovery research. Previous studies
employing LCLs in gene mapping have used simple statistical methods, which may
not adequately capture the true differences in nonlinear response profiles between
genotypes. The current study investigates two commonly used association methods,
as well as four novel methods, and compares their power to detect differences between the response profiles of genotypes under a variety of alternatives. The most
powerful method was found to depend not only on the choice of alternative, but
also on the choice for the dosages used. A new method, based on an analysis of variance (ANOVA) design, was found to be the most robust for power in detecting differences between genotypes. The ANOVA method was applied to a genome-wide
association study (GWAS) of 520 LCLs of Caucasian descent obtained from the
Children’s Hospital Oakland Research Institute (CHORI). Cells from each line
were exposed to four replicates at each of six concentrations of the drug
Temozolomide. Viability measurements were applied to a seven-stage quality control process and were used as the response for association analysis. Significance was
assessed using a sequential sampling permutation procedure. A number of SNPs
within the gene for coding for the enzyme methylated-DNA-protein-cysteine
methyltransferase (MGMT) showed significant association (P<10e-8) with response. Methylation of the promoter region of MGMT has shown increased efficacy in cancer patients treated with Temozolomide. This result is a proof of concept
that LCLs can be used to identify genes that are valuable in the prediction of clinical therapeutic effectiveness.
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GENETIC VARIANTS IN HLA GENES ARE ASSOCIATED
WITH DIISOCYANATE-INDUCED ASTHMA IN
EXPOSED WORKERS.

B. Yucesoy1, V. J. Johnson2, K. Fluharty1, W. Wang1, B. Frye1, Z. L. Lummus3,
R. Marepalli3, H. Bannerman-Thompson3, D. Gautrin4, J. Malo4, A. Cartier4,
D. R. Germolec5, M. I. Luster1 and D. I. Bernstein3. 1Health Effects Laboratory
Division, CDC/NIOSH, Morgantown, WV, 2BRT-Burleson Research Technologies,
Morrisville, NC, 3Departments of Medicine and Environmental Health, University of
Cincinnati, Cincinnati, OH, 4Sacré-Coeur Hospital, Université de Montréal,
Montreal, QC, Canada and 5Toxicology Branch, NTP/NIEHS, Research Triangle
Park, NC.
Diisocyanates, low-molecular weight reactive chemicals extensively used in a variety of industrial processes, are one of the most common causes of occupational
asthma. Both immunological and inflammatory mechanisms have been implicated
in the development of diisocyanate-induced asthma (DA). A case-control study was
conducted to investigate whether genetic variations in genes located within the
major histocompatibility complex play a role in susceptibility to DA using a high
density SNP map. The study population consisted of 140 workers exposed to diisocyanates (hexamethylene diisocyanate (HDI), methylene diphenyl diisocyanate,
and toluene diisocyanate) of which 73 were diagnosed with DA based on a positive
specific inhalation challenge and 67 were asymptomatic workers exposed to HDI.
Genotype analysis was performed on genomic DNA, using Illumina GoldenGate
Genotyping technology. The microarray platform consisted of 2,360 loci with an
average spacing of 2 kb. After adjusting for potential confounders, single nucleotide
polymorphisms in HLA-E (rs1573294), HLA-B (rs1811157), HLA-DOA
(rs3128935), HLA-DQA2 (rs7773955), and HLA-DPB1 (rs928976) showed associations with altered risk of developing DA. Since HLA genes play a key role in the
regulation of the immune response, variations in these genes may represent important disease modifiers that contribute to DA susceptibility.
This work was supported in part by an NIEHS IAG (Y1-ES-0001), NIOSH/CDC
R01 OH 008795, and CDC Seed Funding for Public Health Genomics Research
Program.

1608

IS WHOLE GENOME AMPLIFIED (WGA) DNA
SUITABLE FOR ACCURATE GENOTYPING?

J. C. Fuscoe1, T. Han1, C. Chang2, J. C. Kwekel1, Y. Ge1, Y. Chen3, F.
Francisco Martinez-Murillo4, D. Roscoe4, Z. Tezak4, R. Philip4 and K.
Bijwaard4. 1Division of Systems Biology, NCTR/FDA, Jefferson, AR, 2Personalized
Nutrition and Medicine, NCTR/FDA, Jefferson, AR, 3Genetic and Molecular
Toxicology, NCTR/FDA, Jefferson, AR and 4Office of In Vitro Diagnostic Device
Evaluation & Safety, CDRH/FDA, Silver Spring, MD.
Advances in genomic technologies have created novel molecular genetic methods
with applications in the understanding, diagnosis, and management of genetic diseases and cancer. One of the challenges is acquiring sufficient DNA from clinical
samples for analysis. WGA methods have been developed to overcome this problem. The most commonly used WGA approach is the multiple displacement amplification (MDA) method because of its high processivity and low error rate.
However, the uniformity of amplification across the genome has not been wellcharacterized. Here, we compared two MDA kits: GenomiPhi (GE Healthcare)
and Repli-G (Qiagen) using array-based comparative genomic hybridization
(CGH) to evaluate DNA copy number variations (CNVs) in amplified DNA.
Amplified and unamplified DNA samples from a normal individual and two patients with cystic fibrosis were evaluated by Agilent Human 1 million feature CGH
arrays. Analyses of Komogorov distances and Phi correlations showed high consistency within each amplified sample group. Both REPLI-g and GenomiPhi generated very similar amplified DNA samples. Less than 2% of the genome showed
more than 2-fold CNV after amplification. The majority of the CNVs were underamplified regions located in the telomeric regions. No CNVs or mutations were detected in the CFTR gene region due to WGA. This was confirmed by quantitative
PCR copy number assays at 10 locations within the CFTR gene and sequencing of
a 2-kb region within the CFTR gene. These results indicate that WGA DNA is
generally suitable for accurate genotyping. However, because there are consistent
differences between the WGA DNA and the native DNA, characterization of the
genomic region of interest would be necessary to ensure the reliability of genotyping results from WGA DNA.

1609

POLYMORPHISMS IN DNA METABOLIZING AND
REPAIR GENES GSTM1, GSTT1, GSTP1, AND OGG1
AND TYPE 2 DIABETES MELLITUS RISK: A CASECONTROL STUDY IN A TURKISH POPULATION.

B. Karahalil1, E. Kadioglu1, N. Kocabas1, M. Ozkaya2, A. E. Karakaya1 and N.
Gonul3. 1Toxicology Department, Gazi University Faculty of Pharmacy, Ankara,
Turkey, 2Division of Endocrinology and Metabolism, Kahramanmaras Sutcu Imam
University, Medical Faculty, Ankara, Turkey and 3Poison Research Center, Refik
Saydam Hygiene Center, Ankara, Turkey.
We investigated impact of polymorphisms in GSTs (GSTM1, GSTT1 and
GSTP1) which are very important protective mechanism against oxidative stress
and in OGG1 gene which has importance in DNA repair, to risk of Type 2
Diabetes Mellitus (T2DM) with obesity and hypertension in our study. We examined 127 T2DM and 127 control subjects. DNA was extracted from whole blood.
Analysis of GSTM1 and GSTT1 gene polymorphisms was performed by allele specific PCR and GSTP1 Ile105Val and OGG1 Ser326Cys by PCR- RFLP. Our data
showed that GSTM1 null genotype frequency had 2-6 times statistically significant
increase in patient group (OR 3.841 [95% CI 2.280-6.469], p<0.001) but not observed any significance with GSTT1 null/positive and GSTP1Ile105Val genotypes.
When T2DM patients with OGG1 Ser326Cys polymorphism was compared with
patients with wild genotype, statistically 2-3 times increase has been observed (OR
1.858 [95% CI 1.099-3.141], p)=0.021. The joint effect of GSTM1 null and
OGG1 variant genotype frequencies have shown statistically significant. Similarly,
the risk of T2DM was statistically increased with GSTM1 null (OR 3.841 [95%
CI 2.28-6.469], GSTT1 null+GSTP1 (H+M) (OR 4.118 [95% CI 1.32712.778]) and GSTM1 null+OGG1 Ser326Cys (H+M) (OR 3.322 [95% CI 1.8985.816]) and GSTT1 null+OGG1 Ser326Cys (H+M) (OR 2.179 [95% CI 1.0834.386]) compared to control. However, when patients with T2 diabetic
hypertension and obesity are compared with the control group, no significance relationship was observed.According to our study results, it has been seen that combined evaluation of especially GSTM1-GSTT1-GSTP1 and OGG1 Ser326Cys
gene polymorphisms can be used as candidate gene in etiology of T2DM, especially
in development of T2DM.

1610

EVALUATION OF THELIN USING A MOUSE
DIVERSITY PANEL DEMONSTRATES GENETIC
DIFFERENCES IN LIVER RESPONSE.

C. L. Kurtz1, K. Adkins2, H. Wu2, B. Rago2, J. Barricklow2 and A. H. Harrill1.
1Institute for Drug Safety Sciences, The Hamner Institutes, Research Triangle Park,
NC and 2Pfizer, Inc., Groton, CT.
Sitaxsentan sodium (Thelin) is an endothelin receptor antagonist developed for the
treatment of pulmonary arterial hypertension. In clinical studies, Thelin was associated with liver injury. Previous studies have shown that genetically diverse inbred
mouse strains comprising a mouse diversity panel (MDP) have utility for identifying genetic markers associated with drug toxicity. In this study, female mice from
34 inbred strains were treated orally by gavage once daily for 7 consecutive days
with 300 mg/kg Thelin or vehicle (water; N=4/strain). At necropsy, a significant increase in the liver to body weight ratio in all strains treated with Thelin was observed (two-way ANOVA, p<0.05), ranging from a 28.7% increase in KK/HIJ
mice to a 154% increase in P/J mice. Preliminary clinical chemistry analysis revealed large inter-strain variations in serum cholesterol levels ranging from a 19%
decrease in MrL/MpJ mice to an 86% increase in C57BLKS/J mice in Thelin versus vehicle-treated groups. Plasma concentration of Thelin was determined 2 hours
after the last dose administered, and despite large variations in concentration observed across strains, there was no statistical correlation between Thelin plasma
concentration and the changes in liver to body weight ratio or cholesterol levels
(Pearson correlation, p>0.05). Taken together, these data suggest that genetically diverse mouse strains differ in hepatic response to Thelin, and this response is not attributable to variable drug exposure in these strains. Thus, the MDP can be used to
investigate the biochemical pathways and genetic markers associated with the variable hepatic response.

1611

P-GLYCOPROTEIN TRANSPORT OF PESTICIDES
ASSOCIATED WITH PARKINSON’S DISEASE.

S. Lacher, F. Cardozo-Pelaez and E. L. Woodahl. CEHS/BMED, University of
Montana, Missoula, MT.
P-glycoprotein (P-gp), encoded by the ABCB1 gene, is an efflux transporter expressed in many tissues important in xenobiotic disposition. P-gp is highly expressed at the blood-brain-barrier (BBB) and protects the brain from substances circulating in the blood; as a result P-gp substrates do not accumulate in the brain.
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ABCB1 genetic variation has been associated with an increased risk of developing
Parkinson’s disease (PD). This association may be explained by altered brain accumulation of neurotoxicants due to alterations in P-gp activity; however, evidence is
missing as to whether neurotoxicants associated with PD are P-gp substrates and if
ABCB1 genetic variation alters their ability to cross the BBB. Our goal was to develop an in vitro cell model expressing ABCB1 in epithelial cells to measure P-gp
transport of neurotoxicants associated with PD. We generated a stable recombinant
LLC-PK1 cell line expressing wild-type ABCB1 using a lentivirus delivery system
(pLVX-IRES-ZsGREEN). Using flow cytometry, we sequentially sorted
ZsGREEN-positive (P-gp-expressing cells) to produce a 97% positive cell population. We confirmed P-gp expression in the LLC-PK1-ABCB1wt cells by western
blot with P-gp specific monoclonal antibodies, C219 and F4. The P-gp substrate,
rhodamine-123, and P-gp inhibitor, GF120918, were used to confirm P-gp activity
in this cell model. We will next utilize this model to evaluate transepithelial permeability of neurotoxicants associated with PD to predict permeability across the BBB
and accumulation in the brain. We will first evaluate the P-gp-mediated transport
of paraquat, a PD-associated pesticide, in LLC-PK1-ABCB1wt cells. Future studies
will also measure transport in cells expressing ABCB1 genetic variants that are associated with the development of PD. Our study will provide the missing data to
show that P-gp transports the neurotoxicant paraquat, and that alteration in P-gp
transport, due to ABCB1 genetic variation, may contribute to susceptibility to PD.

HPLC analysis. Analysis was performed in at least triplicate. CYP2B6 content was
determined by western blot. CYP2B6*18 had no activity and CYP2B6 protein
could not be detected. The Km value for each of the four other variants was neither
significantly different from wild-type CYP2B6 nor from each other while the Vmax
value for each variant was significantly higher than wild-type. The Kms for CPF-O
formation by variants and wild-type CYP2B6 ranged from 0.30-1.97μM while
Vmax values exhibited more variability with genotype (4.13x103 –
4.52x105pmol/min/nmol CYP2B6). In addition, human liver microsomes (N=22)
genotyped for CYP2B6*1 and CYP2B6*6 were assayed for ability to metabolize
CPF at 10uM and at 0.5uM, concentrations straddling the predicted Km. *6 specimens had both reduced protein expression and CPF-O metabolite formation.
Together, these data support the conclusion that variants of CYP2B6 may have altered capacity to metabolize CPF and affect individual susceptibility by altering hepatic expression of CYP2B6 protein and/or Vmax for CPF-O formation. In addition, the kinetic parameters generated here may be used to assess the impact of
CYP2B6 genotype on current human risk assessment efforts for CPF which currently primarily rely on rat kinetic data and may under represent human variability.
(NIH R01 ES016308 and EPA STAR grant R833454).
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DIFFERENT SENSITIVITY OF CARBOXYLESTERASE 1
GENETIC VARIANTS TO IRREVERSIBLE INHIBITION
BY OXON METABOLITES OF ORGANOPHOSPHATE
PESTICIDES.

A. Press, M. C. Fortin and J. R. Richardson. Environmental and Occupational
Health Sciences Institute, Piscataway, NJ.
The carboxylesterases (CES) are a class of phase 1 enzyme important for lipid metabolism and in the biotransformation of numerous xenobiotics. Like the acetylcholinesterase, CES are irreversibly inhibited by covalent binding of the active oxon
metabolites of organophosphate pesticides (OP). Although deleterious to the metabolic function, this stochiometric binding provides a buffer against the neurotoxic
effects of OPs. The CES are polymorphic and the goal of the present study was to
investigate the effect of a non-synonymous polymorphism on the human CES1
gene on the sensitivity to inhibition by oxons.
HEK293 cells transfected with an empty vector, the wild-type (WT) CES1 or the
CES1 variant p.Gly143Glu were cultured in DMEM with 10% FBS, 2mM L-glutamine and antibiotics. At 95% confluence, cells were harvested, homogenized and
centrifuged to obtain S9 fractions. CES activity was determined by measuring the
rate of formation of the colorimetric hydrolysis product of the prototypical substrate p-nitrophenyl valerate spectrophotometrically at 405nm during a 5 minute
period. The IC50 were determined for the WT and SB forms using 0-1000nM of
the following OP o-analogs: diazoxon, chlorpyrifos-oxon, chlorpyrifos methyloxon, paraoxon, methyl paraoxon and omethoate.
There were no statistically significant difference in affinity of chlorpyrifos methyloxon or chlorpyrifos oxon for the the WT or varian CES1. Omethoate did not inhibit the WT or variant CES1. However, higher concentrations of paraoxon,
methyl paraoxon, and diazoxon were necessary to achieve 50% inhibition of the activity of the variant CES1 relative to the WT enzyme (p<0.05).
The current results suggest that this substitution lowers the affinity of the enzyme
for some of the oxon metabolites of organophosphate pesticides which may lower
the neuroprotective potential of the enzyme. Thus, individuals bearing the
p.Gly143Glu variant of the carboxylesterase 1 gene may be more susceptible to OP
toxicity.

1613

EFFECT OF CYP2B6 VARIANTS ON CHLORPYRIFOS
METABOLISM: IMPLICATIONS FOR HUMAN RISK.

A. L. Crane1, K. Klein2, U. M. Zanger2, 3 and J. R. Olson1. 1University at Buffalo
(SUNY), Buffalo, NY, 2Dr. Margarete Fischer-Bosch Institute of Clinical
Pharmacology, Stuttgart, Germany and 3University of Tuebingen, Tuebingen,
Germany.
Chlorpyrifos (CPF), a widely used organophosphorus (OP) pesticide must be
bioactivated by cytochrome P450s (CYPs) to the active metabolite chlorpyrifos
oxon (CPF-O). CYP2B6 has the lowest reported Km and highest Vmax for bioactivation of CPF. CYP2B6 is a polymorphic enzyme and variants of this enzyme may
impact human susceptibility to this OP. In this study, CYP2B6*1, *4, *5, *6, *7,
and *18 were over-expressed in mammalian COS-1 cells to assess the impact of
CYP2B6 variants on the Km and Vmax for bioactivation of CPF. Cell lysates were
incubated with CPF (0-100μM) and the production of CPF-O was measured via

HUMAN ALDH1B1 POLYMORPHISMS MAY AFFECT
THE METABOLISM OF NITROGLYCERIN AND ALLTRANS RETINALDEHYDE—IN VITRO STUDIES AND
MOLECULAR MODELING.

B. C. Jackson, P. Reigan and V. Vasiliou. Department of Pharmaceutical Sciences,
University of Colorado Anschutz Medical Campus, Aurora, CO.
A substrate profile for ALDH1B1 determined previously, that includes acetaldehyde and other short-chain aldehydes, but not lipid peroxidation products. There is
evidence that additional substrates for ALDH1B1 may include nitroglycerin and
retinaldehyde. Humans that are deficient in ALDH2, a key enzyme in nitroglycerin
metabolism, still retain as much as 30% efficacy for reduction of nitroglycerin. In
addition, ALDH1B1 may be implicated in stem cell biology raising the possibility
that this protein may mediate retinaldehyde signaling. ALDH1B1 polymorphisms
have been reported. Based on epidemiological studies, one of them (ALDH1B1*2)
is associated with ethanol avoidance, increased systolic blood pressure, and ethanol
hypersensitivity reactions. In this study we have investigated the role of ALDH1B1
in nitroglycerin metabolism and have determined the kinetic parameters of
ALDH1B1 for all-trans retinaldehyde metabolism using human recombinant
ALDH1B1. Our results indicate that ALDH1B1 metabolizes and appears to be inhibited by nitroglycerin, but has favorable kinetics for all-trans retinaldehyde.
Using computationally-based molecular modeling, we have examined structural
differences among ALDH1B1 variants that may rationalize differences in
ALDH1B1-mediated metabolism of acetaldehyde, nitroglycerin, and all-trans retinaldehyde based on poor binding profiles. In conclusion, ALDH1B1 metabolizes
nitroglycerin and all-trans-retinaldehyde and the reported polymorphisms of
ALDH1B1 may affect stem cells and ethanol metabolism. This work was supported
by NIH grants NIH R21 AA 017754 and F31 AA 20728.

1615

A MOUSE DIVERSITY PANEL APPROACH PREDICTS
DB289-RELATED RENAL TOXICITY.

A. H. Harrill1, 2, K. D. DeSmet1, K. Wolf2, J. E. Hall2, M. Paine2, R. Tidwell2
and P. B. Watkins1, 2. 1Hamner Institutes, Research Triangle Park, NC and
2University of North Carolina at Chapel Hill, Chapel Hill, NC.
Pafuramidine maleate (DB289) is an oral diamidine prodrug developed to treat
first stage human African trypanosomiasis (sleeping sickness). Phase 1-3 clinical
studies at worldwide sites demonstrated reversible, dose-related liver toxicity, a
known effect of the diamidine class that was observed in preclinical rodent studies.
In an expanded Phase 1 safety trial performed in healthy adult volunteers from
South Africa, severe renal toxicity not predicted by rodent studies was observed and
further development of DB289 was halted. Owing to marked regional and intersubject variation in renal toxicity incidence, genetic differences were hypothesized
to influence development of this toxicity. In this study, a genetically diverse population of 34 inbred mouse strains (mouse diversity panel; MDP) was used to model
the mechanisms of toxicity. Within a strain, ten female mice were treated with daily
oral doses for ten days (N=5; 75 umol/kg DB289 or vehicle) and urine was collected overnight prior to necropsy. As expected, DB289 caused a mild elevation in
serum alanine aminotransferase (ALT) in the majority of mouse strains (31/34) that
ranged from a 2- to 8-fold increase in treated animals. Interestingly, there were
three strains that were resistant to the liver toxicity, including Balb/cJ, C3H/HeJ,
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and C57BL/6J (P>0.05). To assess potential for renal toxicity, KIM-1, a novel biomarker of proximal tubule injury, was quantified in urine. A significant increase in
KIM-1 due to DB289 treatment was observed in 12/21 strains tested thus far with
the greatest increase (>10-fold change; P<0.05) in strains CE/J, MA/MyJ, and
DBA/2J. Interestingly, an increase in KIM-1 occurred in strains that did not exhibit
increases in ALT (i.e. C3H/HeJ), indicating that the mechanisms of liver and kidney toxicity may not be dependent on the same molecular pathways. These data indicate that the MDP approach, coupled with the use of novel, sensitive biomarkers,
has the potential for better risk prediction of clinical adverse events than standard
rodent toxicity models.

1616

METABOLOMIC PROFILING OF THE MOUSE MODEL
OF HUMAN POPULATION (MMHP) IDENTIFIES
CYP46A1 AS A REGULATOR OF BILE ACID SYNTHESIS.

H. Wu1, K. Adkins1, M. Pletcher1, R. Wei1, X. Zhou2, X. Ding2, J. Colangelo1
and L. Luo1. 1Pfizer Global Research and Development, Groton, CT and 2Wadsworth
Center, New York State Department of Health, Albany, NY.
The mouse model of human population (MMHP), a collection of 35 inbred strains
with a genetic and phenotypic diversity that approximates that of the human population, has been increasingly recognized as a valuable model system for studying
drug safety. Yet much is unknown about the underlying genomic and metabolic
mechanisms that drive the differential drug responses seen in these mice. In this
study, we conducted metabolomic profiling for 210 known endogenous metabolites in the serum of MMHP. A total of 40 unique metabolites were identified with
a 5-fold maximal strain difference. The bile acid homeostasis and purine metabolism pathways showed particular enrichment for highly differentiated metabolites.
Focusing on the bile acid variation, a genome-wide association study was performed to identify candidate genomic loci associated with levels of 4 primary bile
acids [taurocholic acid (TCA), glycocholic acid (GCA), glycochenodeoxycholic
acid (GCDCA), and taurochenodeoxycholic acid (TCDCA)]. A candidate genomic locus was identified on Chr 12 in a region spanning 8 genes; the region was
found to contain a polymorphism that disrupted the start codon of Cyp46a1, a
member of the bile acid synthesis pathway. To confirm functional involvement of
Cyp46a1 in bile acid homeostasis in vivo, we compared bile acid levels in wild-type
and Cyp46a1 knockout mice. In the null mice, serum levels of GCA and TCA were
found to be significantly increased by ~30% compared to wild-type mice. In contrast, hepatic levels of TCA, and other bile acids including TCDCA, tauromuricholate, and muricholate, were significantly decreased by 40-80% in the knockout
mice. This finding confirmed functional involvement of Cyp46a1 in bile acid
homeostasis. This study provides baseline values for serum metabolites in the
MMHP that will aid biomarker discovery and validation of the MMHP as a tool
for identifying genetic loci associated with phenotypic variations.

1617

EVALUATION OF POSSIBLE MODES OF ACTION FOR
PFOS-INDUCED HUMORAL IMMUNOSUPPRESSION.

M. M. Peden-Adams1, N. Ayala1, S. Young1, K. Hinckley2, J. A. Rueckert2, L.
Taylor2, M. Chow1, W. David1, N. Henry3 and D. E. Keil2, 1. 1HRC, University
of Nevada-Las Vegas, Las Vegas, NV, 2University of Utah, Salt Lake City, UT and
3NOAA, Charleston, SC.
Perfluorinated hydrocarbons have been manufactured for over 40 years and have
numerous applications in industry. This group of compounds has recently generated much interest as some of these compounds (i.e., perfluorooctane sulfonate
(PFOS) are persistent in the environment and are detectable in blood samples of
both wildlife and humans. Studies show that these perfluorinated compounds cause
various toxicological effects; however, effects on immune function have not been
addressed at length. We have previously shown decreased SRBC-specific IgM production in adult B6C3F1 mice following exposure to PFOS. The current study assessed possible modes of action for this suppression and an expanded survey of potential effects from exposure. Adult female B6C3F1 mice were exposed orally to
PFOS for 28 days. Numbers of follicular T-cells (Tfh), cells were not significantly
altered by PFOS treatment. Ex vivo IL-6 production from in vivo PFOS exposed Bcells was suppressed following in vitro stimulation with soluble CD154 in mice that
were challenged with SRBC as compared to unchallenged mice. In vivo PFOS exposure resulted in significant increases in ex vivo basal IL-1 production in peritoneal
macrophages collected from SRBC challenged mice. Ex vivo production of IL-2 by
CD4+ cells stimulated with both anti-CD3 and anti-CD28 was not altered.
Nuclear translocation of PPAR-alpha was not modulated by PFOS treatment.
Genomic analysis of SRBC challenged mice revealed no alteration in expression of
genes for PPAR-alpha, PPAR-gamma, NF−κβ, or AP-1, but an increase in CD83,
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MAPK6 (ERK3), BLNK, and TRAF3 expression and a decrease in SLAMF1, Ly9,
CD79a, CD22, and VAV1 expression. Although the mode of action on IgM suppression is still unclear, these new data shed additional light on immunological effects of PFOS.

1618

HS3A/HS1, 2 OR HS3B/HS4 IS SUFFICIENT TO
MEDIATE TCDD-INDUCED INHIBITION OF THE 3’Igh
IN A TRANSGENIC B-CELL LINE.

B. Johnson, J. Panchal, E. Romer, M. Wourms and C. E. Sulentic. Pharmacology
& Toxicology, Wright State University, Dayton, OH.
Immunoglobulin (Ig) gene expression is inhibited by AhR ligands including
TCDD in both in vivo and in vitro animal models and human cellular models. In
mouse models, Ig inhibition correlates with AhR expression and function. Ig heavy
chain (Igh) gene expression involves a complex interaction between several regulatory elements including the 3’Igh regulatory region (3’IghRR), which is typically
associated with four enhancers (hs3A; hs1,2; hs3B; hs4). We have demonstrated in
a mouse B-cell line CH12.LX that TCDD inhibits LPS activation of luciferase reporters regulated by the 3’IghRR or the hs1,2 enhancer alone. Surprisingly, a luciferase reporter regulated by the hs4 enhancer was synergistically activated by LPS
and TCDD. The objective of this study was to determine in the context of chromatin if the inhibitory effect of TCDD is mediated through the hs1,2 enhancer.
CH12.LX cells were stably transfected with constructs containing an LPS-inducible γ2b reporter regulated by the 3’IghRR with LoxP sites flanking either the
hs3B/hs4 or the hs3A/hs1,2 enhancer pairs. Transfection with CRE-recombinase
induced LoxP recombination generating cell lines either expressing γ2b regulated
by hs3A/hs1,2 or by hs3B/hs4. TCDD inhibited LPS-induced activation of both
the parental 3’IghRR and the deletional derivatives, hs3A/hs1,2 and hs3B/hs4, suggesting that either enhancer pair can mediate the inhibitory effect of TCDD on the
3’IghRR but together do not produce a synergistic or additive effect. These results
are in contrast to the effect of TCDD on the hs4 luciferase reporter which may be
due to the addition of hs3B in the stable reporter. In conclusion, it appears that either 3’IghRR enhancer pair can be targeted by TCDD and is sufficient to mediate
the inhibitory effect on 3’IghRR activity. Altered 3’IghRR activity likely contributes to the TCDD-induced inhibition of the antibody forming cell response
due to the well-established association between the 3’IghRR, Igh expression, and
antibody levels. (Supported by NIEHS R01ES014676)

1619

BINARY INHIBITION OF B LYMPHOCYTE TERMINAL
DIFFERENTIATION BY 2, 3, 7, 8TETRACHLORODIBENZO-P-DIOXIN (TCDD).

Q. Zhang1, 2, D. E. Kline3, S. Bhattacharya1, 2, R. B. Crawford3, R. B. Conolly4,
R. S. Thomas2, M. E. Andersen1, 2 and N. E. Kaminski3. 1Division of
Computational Biology, The Hamner Institutes for Health Sciences, Research Triangle
Park, NC, 2Institute for Chemical Safety Sciences, The Hamner Institutes for Health
Sciences, Research Triangle Park, NC, 3Department of Pharmacology & Toxicology
and Center for Integrative Toxicology, Michigan State University, East Lansing, MI
and 4Integrated Systems Toxicology Division, National Health and Environmental
Effects Research Laboratory, Office of Research and Development, US EPA, Research
Triangle Park, NC.
The molecular mechanisms underlying suppression of humoral immunity, specifically B cell function, by TCDD, are poorly understood. Here we show that TCDD
suppresses the IgM response of individual LPS-activated mouse B cells in a binary
rather than graded manner; (i.e., it reduces the number of IgM-secreting plasma
cells produced without affecting the IgM content in individual plasma cells). This
binary mode of suppression was further investigated with a mathematical model of
the B cell transcriptional regulatory circuit, incorporating the key transcription factors Bcl6, Prdm1, Pax5 and Bach2. Simulations of the model indicated that two
previously identified TCDD-modulated pathways, AP-1 repression and Bach2 activation, could mediate the binary mode of suppression. Both pathways disrupt the
bistable switch underlying differentiation of LPS-activated B cells to plasma cell.
Acting through these pathways, TCDD increases the LPS threshold concentration
required to trigger the differentiation process, thus reducing the probability of
bistable switching and thereby the number of resting B cells that differentiate into
IgM-producing cells. The model further predicted that TCDD-induced upregulation of Bach2 might delay B cell differentiation and increase the likelihood of isotype switching, thus providing novel insights into the mechanisms and signaling
pathways by which TCDD suppresses IgM response. (Supported by NIH
ES04911. This work may not reflect the official policies of the US EPA.)

1620

SUPPRESSION OF THE PRIMARY IMMUNOGLOBULIN
M (IGM) ANTIBODY RESPONSE BY DELTA9TETRAHYDROCANNABINOL (Δ9-THC) IN HUMAN
PRIMARY B CELLS.

T. Ngaotepprutaram1, 2, N. E. Kaminski1, 2 and B. Kaplan1, 2. 1Pharmacology and
Toxicology, Center for Integrative Toxicology,, East Lansing, MI and 2Center for
Integrative Toxicology, Michigan State University, East Lansing, MI.
We have previously shown that Δ9-THC, a plant-derived cannabinoid, significantly
attenuated the primary IgM antibody response induced by ligation of CD40 in
mouse splenic B cells. However, the effect of Δ9-THC on humoral immune responses in humans is uncertain. Thus, the objective of this study was to investigate
the influence of Δ9-THC on in vitro T cell-dependent antibody response in human
B cells using an in vitro activation model, which employs cell surface-expressed
CD40 ligand (CD40L) and recombinant cytokines [interleukin (IL)-2, IL-6, and
IL-10]. Similar to what we observed in mice, pretreatment with Δ9-THC suppressed the number of IgM antibody forming cells induced by CD40L plus cytokines as determined by ELISPOT. Furthermore, Δ9-THC suppressed B cell activation induced by CD40L plus cytokines as measured by suppressing the
upregulation of the B cell activation markers, CD80, CD86, and CD69, as assessed
by flow cytometry. Impairment in B cell activation correlated with suppression of B
cell proliferation. Collectively, these studies suggest that Δ9-THC-mediated suppression of the primary IgM response is due, in part, to impairment of B cell activation and proliferation. (Supported in part by DA07908 and Royal Thai
Government Scholarships)

1621

INDUCTION OF MYELOID-DERIVED SUPPRESSOR
CELLS BY ENDOCANNABINOIDS REQUIRES MAST
CELLS.

A. R. Jackson, V. Hegde, M. Nagarkatti and P. Nagarkatti. Pathology,
Microbiology, Immunology, University of South Carolina, Columbia, SC.
Cannabinoids are a group of compounds that mediate their physiological and behavioral effects by activating specific cannabinoid receptors. Cannabinoid receptor
1 (CB1) is primarily expressed in the CNS. In contrast, cannabinoid receptor 2
(CB2) is predominantly expressed on immune cells. In addition to the exogenous
cannabinoids found in the Cannabis plant, there are also endogenous cannabinoids
(endocannabinoids), such as 2-arachadonoyl glycerol(2-AG) and N-arachidonoylethanolamine (anadamide, AEA). The endocannabinoids also mediate their effects
by activating CB1 and CB2 receptors. Cannabinoids have been shown to act as potent immunosuppressive agents and have been shown to mediate beneficial effects
in a wide range of inflammatory diseases. Recently, we showed that endocannabinoids can trigger large numbers of a subset of monocytic precursors called MyeloidDerived Suppressor Cells (MDSCs) that are highly immunosuppressive and prevent T cells from proliferating in response to antigens. In this study, we investigated
the mechanism by which endocannabinoids are able to induce MDSCs. Cytokine
analysis of mice treated with endocannabinoids showed that several cytokines were
secreted in response to endocannabinoid treatment, including G-CSF and GMCSF. To investigate the source of these cytokines, we attempted to induce MDSCs
in mice that were deficient in mast cells. These studies revealed that mast cell-deficient mice were unable to induce MDSCs at a level consistent with wild type mice.
When mast cells were adoptively transferred into deficient mice, the ability to induce MDSCs was restored. Taken together, these studies point to a significant role
played by mast cells in the induction of MDSCs by endocannabinoids (Supported
in part by NIH grants P01AT003961, R01AT006888, R01ES019313,
R01MH094755).

1622

DIFFERENTIAL MODULATION OF NF-κB SUBUNITS
BY ACROLEIN.

H. Dong, C. Lambert, P. Reigan, J. Goméz and B. Freed. University of Colorado
AMC, Aurora, CO. Sponsor: V. Vasiliou.
Cigarette smoking impairs pulmonary immunity by suppressing T cell responses,
resulting in compromised immune surveillance and high risk of respiratory infections. In previous studies, we have identified that the α-β-unsaturated aldehyde
acrolein is the major immunosuppressive agent present in cigarette smoke, which
reproduces the effects of cigarette smoking on pulmonary immunity. Acrolein inhibits the production of a variety of cytokoines involved in T cell response. Mass
Spectrometry analysis revealed that acrolein alkylates Cys61 and Arg307 residues in
the DNA-binding domain of the upstream transcription factor NF-κB p50 subunit, which agrees with an inhibition of p50’s binding to the IL-2 promoter by
>99%. In contrast, our preliminary study showed that acrolein elicits the production IL-8, macrophage chemotractant protein-1 (MCP-1) and cyclooxygenase 2

(COX 2). Furthermore, acrolein has minimal effect on DNA binding of p65 subunit of NF-κB. The purpose of current study is therefore to test the hypothesis that
acrolein activates NF-κB p65 subunit, leading to the upregulation of its target
genes, such as IL-8, MCP-1 and COX 2. U937 cell line was used to study the effects
of acrolein on: (1) the production of cytokines IL-8 and IL-10, (2) the binding capacity of p65 to IL-8 promoter, and (3) the expression of key NF-κB signaling molecules. Results show that acrolein increases IL-8 production, but inhibits LPS-induced IL-10 production. Acrolein promotes the binding of p65 and
phosphorylated p65 to the IL-8 promoter. As expected, acrolein inhibits constitutive binding of p50 to IL-8 promoter. Acrolein also induces nuclear translocation of
p65 and phosphorylated p65 and increases p38 phosphorylation. Acrolein adduction on the DNA binding domain of p65 is currently under investigation.
Conclusion: collectively our data suggest that acrolein promotes IL-8 production
by activating NF-κB p65 subunit and thereby alters the activity of NF-κB pathway
through differential modulation of its p50 and p65 subunits. This work is partially
sponsored by NIEHS grant ES005673.

1623

Δ9TETRAHYDROCANNABINOL (THC) AMELIORATES
STAPHYLOCOCCAL ENTEROTOXIN B (SEB)-INDUCED
ACUTE LUNG INJURY THROUGH REGULATION OF
EPIGENETIC PATHWAYS.

R. Rao, P. Nagarkatti and M. Nagarkatti. Pathology, Microbiology, Immunology,
University of South Carolina, Columbia, SC.
Acute Lung Injury (ALI), commonly caused by sepsis, leads to respiratory and multiple organ failure and subsequently, Acute Respiratory Distress Syndrome (ARDS).
It is characterized by infiltration of inflammatory lymphocytes in the lung that
causes damage to alveolar epithelial cells, pulmonary edema and fibrosis. In this
study, Staphylococcal Enterotoxin B (SEB) was used to induce ALI in mice. SEB is
a superantigen that activates T cells expressing Vβ8, which leads to activation of
∼20% of T-cells and massive release of pro-inflammatory cytokines, leading to induction of ALI/ARDS. In the current study, we tested the hypothesis that
Δ9Tetrahydrocannabinol (THC), a cannabinoid, known for its anti-inflammatory
properties, can ameliorate the toxicity of SEB. Intranasal administration of SEB
caused infiltration of lymphocytes into the lung, which was reduced after THC
treatment. While SEB caused an increase in absolute numbers of NK, NKT,
Macrophages, and Vβ8+ T cells, THC treatment caused a decrease in their absolute
numbers. Cytokine analysis of bronchoalveolar fluid (BALF) showed that SEB induced high expression of Th1 cytokine, IFN-γ. Interestingly, THC treatment led to
a switch from Th1 to Th2 phenotype (IL-10, IL-4 and IL-6). Epigenetic studies revealed that SEB caused an up-regulation of miRNA(miR)-155 and THC reduced
its expression by half indicating that THC may mediate its effect through downregulation of miR-155 and consequent suppression of inflammation. Additionally,
methylation studies of the IFN-γ, IL-4 and IL-10 gene promoters indicated that the
THC-induced switch in cytokine profiles can be explained in part by modifications
at the epigenetic level. Together, our data demonstrated that THC can ameliorate
SEB-induced ALI through regulation of epigenetic pathways.(Supported in part by
NIH grants P01AT003961, R01AT006888, R01ES019313, R01MH094755).

1624

OXYGENATED FATTY ACIDS IN PLASMA OF TUMORBEARING ANIMALS STIMULATE THEIR SCAVENGER
RECEPTOR A1-MEDIATD UPTAKE BY DENDRITIC
CELLS: MASS-SPECTROMETRIC EVIDENCE.

W. Cao2, V. A. Tyurin1, Y. Tyurina1, D. I. Gabrilovich2 and V. E. Kagan1. 1EOH,
University of Pittsburgh, Pittsburgh, PA and 2Immunology, H. Lee Moffitt Cancer
Center, Tampa, FL.
Dendritic cells (DC) are the most potent antigen presenting cells responsible for
the development of immune responses in cancer. The function of DC in tumorbearing hosts is severely compromised. To a large extent, the defects in DC function
in tumor-bearing mice and patients with cancer are due to the accumulation of
high amounts of lipids. To identify possible sources of lipids taken-up by the DC,
we performed oxidative lipidomics analysis of plasma and DC of tumor-bearing animals. We found that both plasma and DC contained significant amounts of highly
oxidizable polyunsaturated free fatty acids (FFA) represented mostly by C18:2,
C18:3, C20:4 and C22:6 species as well as their oxygenated (oxFFA) species. Their
contents were significantly higher in EL-4 tumor-bearing animals than in control
mice. MS analysis revealed that oxFFA were mainly represented by 13-HODE, 9HODE, 12-HETE, tetranor-12-HETE, and 16-HDoHE. To determine the extent
to which scavenger receptor A1 might be involved in the uptake and intracellular
transport of oxFFA we assessed their content in DC generated from wt and
Msr1−/− HPC in vitro. Markedly reduced levels of all four characterized oxFFA
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were found in DC from k/o mice vs those detected in wt animals. Further, we estimated whether oxFFA in DC were esterified into the most abundant class of neutral lipids accumulating in DC of EL-4 tumor bearing animals, triglycerides (TG).
We found that oxTG species containing HODE and corresponding to
C16:1/C18:2-OH/C15:0 was present only in DC from tumor-bearing mice. Thus,
we suggest that the presence of oxygenated species of lipids in plasma of EL-4
tumor-bearing animals may be responsible for their uptake by DC possibly resulting in the loss of their immuno-surveillance function. Supported by NIOSH
OH008282; NIH U19 AI068021, HL70755, HL094488.

imibenconazole, as well as that of T0901317, was attenuated in RORα/γ-knocked
down EL4 cells. Taken together, these results suggest that some azole-type fungicides inhibit IL-17 production via RORα/γ. This also provides the first evidence
that environmental chemicals can act as modulators of IL-17 expression in immune
cells.

1627
1625

COMPARING THE IMMUNOSUPPRESSIVE EFFECTS
OF CYCLOSPORIN A ON MOUSE SPLENOCYTES IN
VIVO WITH MOUSE AND HUMAN T-CELLS IN VITRO
BY TRANSCRIPTOME PROFILING.

P. Schmeits1, 3, A. A. Peijnenburg1, 3, H. van Loveren2, 3 and O. L. Volger1, 3.
1Toxicology and Effect Analysis Group, RIKILT—Institute of Food Safety, Wageningen
UR, Wageningen, Netherlands, 2Laboratory for Health Protection Research, National
Institute of Public Health and the Environment, Bilthoven, Netherlands and
3Netherlands Toxicogenomics Centre, Maastricht, Netherlands.
The immunosuppressive drug Cyclosporin A (CsA) is widely used to prevent graftversus-host disease in humans. In a parallelogram approach we compared the effects
of CsA on the transcriptomes of (i) mouse (CTLL-2) and human (Jurkat) T-cell
lines (ATCC), in order to determine the degree of interspecies overlap, (ii) splenocytes of C57BL6 mice exposed in vivo with CTLL-2 cells exposed in vitro, to verify
whether CTLL-2 cells are a suitable in vitro model for toxicogenomics. Methods:
The mice were exposed for 11 days to CsA (3: low, 9: mid, and 27: high mg/kg bw)
or to olive oil (Ctrl), respectively. The CTLL-2 and Jurkat cells were exposed for 6
hours to CsA, N=4 biological replicates. CTLL-2 cells were exposed to 7.5 μM
(low) or 15 μM (high) CsA, and Jurkat cells to 8 μM CsA or 13 mM DMSO (carrier). Equal amounts of total RNA molecules (800ηg/sample) were hybridized on
Affymetrix mouse GeneTitan HT430PM arrays, or on human U133A plus 2.0 arrays. These transcriptomes were analysed at the levels of individual genes and at
functional pathway level. Results and Conclusions: We found that the CsA target
genes overlapped by 5% between CTLL-2 and Jurkat cells, and by 2% between the
mouse in vitro and in vivo data, respectively. At the pathway level CsA affected (i)
metabolism, protein synthesis, and apoptosis in the Jurkat and CTLL-2 cells in
vitro, and (ii) metabolism, cellular processes, and apoptosis/cell death in the mouse
cells, both in vivo (splenocytes), and in vitro (CTLL-2), respectively (FDR<0.10).
In conclusion, at pathway level the immunosuppressive effects of CsA overlap between mouse immune cells in vivo, and mouse (CTLL-2) and human T-cells in
vitro (Jurkat). At the individual gene level these overlaps are more limited. Based on
our results CTLL-2 cells are a suitable model for toxicogenomics.

2, 3, 7, 8-TETRACHLORODIBENZO-P-DIOXIN
INDUCES TRANSCRIPTIONAL ACTIVITY OF THE
HUMAN POLYMORPHIC HS1, 2 ENHANCER OF THE
3’Igh REGULATORY REGION.

C. E. Sulentic, T. Fernando, S. Ochs, J. Liu and R. Chambers-Turner.
Pharmacology & Toxicology, Wright State University, Dayton, OH.
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is an environmental toxicant known
to inhibit antibody secretion and Ig expression. Inhibition of Ig expression may be
partially mediated through repression of the 3’Igh regulatory region (3’IghRR).
TCDD inhibits mouse 3’IghRR activation and induces aryl hydrocarbon receptor
(AhR) binding to dioxin response elements (DREs) within the 3’IghRR enhancers:
hs1,2 and hs4. The human hs1,2 enhancer (hu-hs1,2) is polymorphic due to the
presence of one to four invariant sequences (IS), which have been correlated with
several autoimmune diseases. The IS also contains a DRE-like site. Therefore, the
objective was to determine if hu-hs1,2 activity is sensitive to TCDD. Utilizing a
mouse B-cell line (CH12.LX), we compared the effects of TCDD on mouse (mohs1,2) versus hu-hs1,2 enhancer activity. TCDD inhibited mo-hs1,2 similar to the
inhibitory effect on mouse 3’IghRR activation. In contrast, hu-hs1,2 was activated
by TCDD and antagonist studies supported an AhR-dependent activation. TCDD
also induced hu-hs1,2 activity in a human B-cell line (IM-9). Absence of a Pax5
binding site is a major difference between the human and mouse hs1,2 sequence.
Insertion of a Pax5 site in hu-hs1,2 markedly blunted basal reporter activity but did
not alter TCDD’s effect. Additionally, deletional analysis demonstrated a significant IS contribution to hu-hs1,2 basal activity but TCDD-induced activity was not
strictly IS number-dependent. Taken together our results suggest that hu-hs1,2 is a
significant target of TCDD and support species differences in hs1,2 regulation.
Therefore, sensitivity of hu-hs1,2 to chemical-induced modulation may influence
the occurrence and/or severity of human diseases associated with hu-hs1,2.

1628

EFFECT OF LINDANE ON NITRIC OXIDE AND
CYTOKINE RESPONSES IN RAW 264.7 MURINE
MACROPHAGES.

J. Bader, J. K. Muir and D. O. Freier. Biomedical Sciences, Lynchburg College,
Lynchburg, VA.

1626

INHIBITORY EFFECTS OF AZOLE-TYPE FUNGICIDES
ON INTERLEUKIN-17 GENE EXPRESSION VIA
RETINOIC ACID RECEPTOR-RELATED ORPHAN
RECEPTORS ALPHA AND GAMMA.

H. Kojima1, R. Muromoto2, M. Takahashi2, S. Takeuchi1 and T. Matsuda2.
1Hokkaido Institute of Public Health, Sapporo, Japan and 2Graduate School of
Pharmaceutical Sciences, Hokkaido University, Sapporo, Japan. Sponsor: T. Yoshida.
The retinoic acid receptor-related orphan receptors α and γ (RORα and RORγ),
are key regulators of helper T (Th) 17 cell differentiation, which is involved in the
innate immune system and autoimmune disorders. However, it remains unclear
whether environmental chemicals, including pesticides, have agonistic and/or antagonistic activity against RORα/γ. In this study, we investigated the RORα/γ activity of several azole-type fungicides, and the effects of these fungicides on the gene
expression of interleukin (IL)-17, which mediates the function of Th17 cells. In the
ROR-reporter gene assays, five azole fungicides (imibenconazole, hexaconazole, triflumizole, tetraconazole and imazalil) suppressed RORα- and/or RORγ-mediated
transcriptional activity as the benzenesulphonamide T0901317, a known ROR inverse agonist and a potent liver X receptor (LXR) agonist. In particular, imibenconazole showed RORγ inverse agonistic activity at concentrations of 10-6 M
order. However, unlike T0901317, these fungicides failed to show any LXRα/β agonistic activity. Next, five azole fungicides, showing ROR inverse agonist activity,
were tested on IL-17 mRNA expression in mouse T lymphoma EL4 cells treated
with phorbor myristate acetate and ionomycin. The quantitative RT-PCR analysis
revealed that these five fungicides suppressed the expression of IL-17 mRNA without affecting RORα and RORγ mRNA levels. In addition, the inhibitory effect of
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Bader, J., Muir, J.K., and Freier, D.O.
School of Sciences, Lynchburg College, Lynchburg VA, 24501
Lindane or gamma hexachlorocyclohexane is a persistent organochlorine pesticide
that has been banned for agricultural use in the United States but remains an ectoparasiticide treatment for lice or scabies. Lindane may be present in potentially
toxic levels in the environment and has been demonstrated to have immunotoxicity, developmental toxicity and genotoxicity. Our aim is to determine if exposure of
RAW 264.7 murine macrophages to lindane has direct effects on their ability to respond to stimulation by bacterial Lipopolysaccharide (LPS) and interferon gamma
(IFN). RAW 264.7 cells are maintained in continuous adherent culture with passage every 5-6 days. A concentration of 1x106 cells per milliliter are prepared in a
24-well plate and grown overnight. Cells are pretreated with vehicle (DMSO), or a
dose response of lindane (5, 50 or 200 μM) prepared in DMSO (final concentration less than 1%) for 24 hours. Following this exposure, cells are washed four
times in culture medium and stimulated with a combination of 100 ng/ml LPS and
0.5 U IFN. After 24 hours of stimulation, supernantants are collected for analysis
of nitric oxide (Greiss reaction) and cytokine (ELISA) production to determine
macrophage functional responses. Cells are then lysed and proteins isolated for later
Western blot analysis. Nitrite concentrations in supernatants were determined for
no pretreatment controls (38.1 ± 2 μM) and DMSO vehicle controls (44.3 ± 3.4
μM) demonstrated no significant difference. Nitrite concentrations for lindane
treatments of 5 μM (33.6 ± 1.7 μM), 50 μM (30 ± 4 μM) and 200 μM (26 ± 1
μM) treatments showed a significant decrease in nitric oxide response (ANOVA
Dunnett’s t-Test, P<0.05) in the 50 and 200 μM treatments compared to controls.
Each value represents an average of four wells of treatment. Our initial findings suggest lindane has direct immunotoxic effects on macrophages in a model that could
be used to understand previously demonstrated immunotoxic effects in the literature.

1629

EFFECT OF ASBESTOS ON FORKHEAD
TRANSCRIPTION FACTORS FOXO1 IN MT-2 CELLS.

H. Matsuzaki1, M. Maeda2, S. Lee1, N. Kumagai-Takei1, Y. Nishimura1 and T.
Otsuki1. 1Hygiene, Kawasaki Medical School, Kurashiki, Okayama, Japan and
2Biofunctional Chemistry, Okayama University, Graduate School of Natural Science
and Technology, Okayama, Kurashiki, Japan.
Introduction: Asbestos is known to cause mesothelioma and lung cancer. We previously reported that asbestos affects not only mesothelial and lung epithelial cells,
but also anti-tumor immune system. Namely, we found that asbestos enhanced regulatory T(Treg) cell function by using MT-2, an HTLV-transformed human FoxP3
positive cell line. In this study, effect of asbestos on gene expression pattern in MT2 cells was analyzed by micro array analysis. Methods: MT-2 cells were cultured
with asbestos for 8 months to establish Treg cell model exposed to asbestos for long
term. Resulting sub-lines show resistance to asbestos and high production of IL-10
and TGF β, and was designated as MT-2 Resistant (MT-2Rst). Total RNA prepared
from MT-2Rst and control MT-2 cells were analyzed by micro array containing
41,000 human genes. Results & Discussion: Micro array analysis revealed that total
139 genes were significantly altered in MT-2Rst cells (greater than 2 fold changes).
Namely, 84 genes were up-regulated and 55 genes were down-regulated. Forkhead
transcription factor FoxO1, which is known to regulate Treg development through
FoxP3 expression, was found as one of the down-regulated genes. We confirmed
decrease of FoxO1 in MT-2Rst by RT-PCR and immunoblot analysis.
Furthermore, FoxP3 mRNA repressed in MT-2Rst as other FoxO1 target genes in
consistent to the decrease of FoxO1. These results suggest that FoxO1 is implicated
in alternation of MT-2 cell function by asbestos. Now, we are analyzing expression
of FoxP3 protein by immunoblot analysis and will discuss the role of FoxO1 in Treg
cell function.

1630

CONTINUOUS EXPOSURE OF ASBESTOS ALTERS
CELL-CYCLE REGULATION IN MT-2 CELL.

S. Lee1, H. Matsuzaki1, M. Maeda2, N. Kumagai-Takei1, Y. Nishimura1 and T.
Otsuki1. 1Hygiene, Kawasaki Medical School, Kurashiki, Okayama, Japan and
2Biofunctional Chemistry, Okayama University Graduate School of Natural Science &
Technology, Okayama, Okayama, Japan.
Asbestos is well known as silicate mineral that causes serious illness such as malignant mesothelioma and lung cancer. We previously reported that asbestos affects
not only mesothelium or lung tissue, but also impairs antitumor immune system.
Regulatory T cells (Treg), subpopulation of T cells, are known as a suppressor of
immune activity. We have hypothesized that asbestos causes less immune reaction
including tumor immunity through the enhancement of Treg function. Here we
used MT-2 cell line, an HTLV-transformed human FoxP3 positive Treg model cell
line, and established 7 sub-lines from original MT-2, which exposed to 3 kinds of
asbestos (Chrysotile A, Chrysotile B and Crocidolite) at low concentration (25
μg/ml) for long term (more than 8 months). Micro array analysis revealed that
transcriptional factor FoxO1 was remarkably decreased in these all of sub-cell lines.
FoxO1 is implicated in cell cycle regulation, and it is known that FoxO1 upregulates p27Kip1, Cyclin dependent kinase (CDK)-inhibitor, and down-regulates
Cyclin D1. In this study, we observed p27Kip1 was decreased and Cyclin D1 was
increased in all of sub-lines with real time PCR analysis. Furthermore, gene expression levels of other CDK-inhibitor, p18 (INK4C), p19 (INK4D), p21Cip1 and
p57Kip2 were increased. These results suggested that asbestos accelerates cell cycle
progression in Treg through the downregulation of FoxO1. Abnormal proliferation
of Treg may down regulate tumor immunity.

1631

EFFECTS OF SODIUM METHYLDITHIOCARBAMATEINDUCED OXIDATIVE STRESS ON NF-κB SIGNALING.

M. C. Gadson, W. Tan, X. Deng, B. Jan and S. B. Pruett. Department of Basic
Sciences, College of Veterinary Medicine, Mississippi State University, Mississippi State,
MS.
Sodium methyldithiocarbamate (SMD) is one of the most widely used pesticides in
the US. and has been reported to cause health problems in humans. There have
been previous studies indicating that SMD alters signaling and induction of cytokine production through Toll-like receptor (TLR) 4, decreasing IL-12
(Interleukin) production and increasing IL-10 production induced by lipopolysaccharide (LPS) in mice. SMD has an effect on oxidative stress, which could cause activation of NF-κB signaling. This study evaluated the effect of SMD on NF-κB activation. Studies were conducted using NF-κB reporter mice with or without BSO
(buthionine sulfoximine), which depletes glutathione and increases oxidative stress,
or NAC (N-acetyl cysteine), which is a glutathione precursor and decreases oxidative stress. Mice were treated as naive, LPS only, LPS plus SMD, LPS plus SMD

and BSO, and LPS plus BSO. .On the 16th day, SMD was orally administered at a
dosage of 200 mg/kg and LPS by intravenous injection (60 μg/mouse) 30 minutes
after SMD. Mice were imaged 2 hr later using the IVIS imager and samples were
collected. SMD at 200 mg/kg was given 1 hour after the last dose of NAC (1 g/kg
daily for 3 days). Mice were then challenged with LPS and imaged as the same as
with BSO treatment. Results indicated that SMD-induced oxidative stress did not
play a major role in the inhibition of NF-κB activation caused by SMD.
Specifically, neither BSO + LPS nor NAC + LPS yielded different levels of activation of NF-κB than LPS alone. Conversely, NAC and BSO did alter the production of a few cytokines, indicating they were present in sufficient concentration to
be biologically active. An earlier study indicated that reactive oxygen species had a
complex bimodal effect on cytokine production in this experimental system. The
work here demonstrates that NF-κB is not affected directly by increased reactive
oxygen species (caused by SMD or BSO) or decreased reactive oxygen species
(caused by NAC). This work was funded by NIEHS grant R01ES013708.
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GLOBAL ASSESSMENT OF GLUCOCORTICOIDMEDIATED CHANGES IN EXPRESSION OF GENES
RELEVANT TO IMMUNE AND INFLAMMATORY
RESPONSES.

S. B. Pruett, W. Tan, M. Bhatty and B. Nanduri. Department of Basic Sciences,
College of Veterinary Medicine, Mississippi State University, Mississippi State, MS.
It is generally thought that the neuroendocrine stress response induced by most inflammatory stimuli leads to increase production of glucocorticoids, which then regulate the inflammatory response. However, in a series of studies, we only noted a
few cytokines that were down regulated by stress induced (or inducible) concentrations of glucocorticoids. In the present study, a broader survey of glucocorticoid
mediated effects was done using microarray analysis of the spleen from adrenalectomized (ADX) or sham ADX mice that were treated with poly I:C. Expression of
a number of genes relevant to inflammatory responses were unexpectedly decreased
in ADX mice, suggesting that corticosterone is necessary for their expression.
Examples include: thrombospondin 1; prostaglandin E receptor 4; dual specificity
phosphatase 1; CCL6; CXCL2; C/EBP-beta; CCL9; CD8; CD86; CD80;
serum/glucocorticoid regulated kinase 3; Interleukin 10. On the other hand, expression of a number of other genes was increased in ADX mice, indicating that
corticosterone normally plays a regulatory role by decreasing expression: lipocalin
2; LPS binding protein; annexin 1; annexin 3; cathepsin G; CD177; cathelicidin
antimicrobial peptide; neutrophilic granule protein; myeloperoxidase; integrin-beta
2 like; eosinophil peroxidase; peptidoglycan recognition protein; Interleukin 12 b;
interferon induced transmembrane protein 2; neutrophil elastase; mitogen activated protein kinase 13; S100 calcium binding protein A9 (calgranulin B). Several
of these are consistent with our results in other studies and are consistent with
changes in protein expression. Ingenuity pathway analysis revealed expected
changes in glucocorticoid receptor activated pathways as well as changes in immune
and inflammatory responses, cell migration, and cell death pathways. In summary,
corticosterone was needed for expression of some relevant genes, but expression of
many others was decreased in the presence of stress-induced glucocorticoids. This
work was supported by R01ES013708 and R01AA009505
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OVEREXPRESSION OF THE CALCIUM CHANNEL
TRPA1 IN LYMPHOCYTES DERIVED FROM
CANNABINOID RECEPTOR KNOCKOUT MICE.

A. Bach3, T. Simkins2, 3, K. J. Lookingland1, 2, N. E. Kaminski1, 3 and B.
Kaplan1, 2, 3. 1Department of Pharmacology and Toxicology, Michigan State
University, East Lansing, MI, 2Neuroscience Program, Michigan State University,
East Lansing, MI and 3Center for Integrative Toxicology, Michigan State University,
East Lansing, MI.
Cannabinoid receptors (CBRs) are G protein-coupled receptors that bind cannabinoids, compounds derived from marijuana that exhibit immunosuppressive properties. Consistent with the observation that cannabinoids suppress immune function, immune responses are enhanced in mice lacking the two best-characterized
CBRs, CB1 and CB2 (CB1-/-/CB2-/-). For example, CB1-/-CB2-/- mice exhibit enhanced immune responses to influenza. In the course of administering influenza
virus to wild type and CB1-/-/CB2-/- mice, it was observed that CB1-/-/CB2-/- mice
do not recover from isoflurane anesthesia as rapidly as wild type mice. Interestingly,
one receptor for isoflurane is the transient receptor potential cation channel (trp)
a1, a non-selective cation channel, which also binds the psychoactive plant-derived
cannabinoid, Δ9-tetrahydrocannabinol (Δ9-THC). Since calcium is a critical regulator of immune function, we hypothesized that overexpression of trpa1 in immune
cells might contribute to the mechanism by which CB1-/-/CB2-/- mice exhibit enhanced immune function. Results from these experiments demonstrated that trpa1
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gene expression was increased in splenocytes, purified B cells and lung homogenates in CB1-/-/CB2-/- mice as compared to wild type mice. However,
cannabinoid-induced intracellular calcium in splenocytes was not reversed in the
presence of the trpa1 receptor antagonist, HC030031. These studies suggest that
although trpa1 receptor upregulation might be part of a compensatory mechanism
in CB1-/-/CB2-/- mice that contributes to enhanced immune function, trpa1 does
not play a role in cannabinoid-induced elevation of intracellular calcium in wild
type- or CB1-/-/CB2-/--derived splenocytes. (Supported in part by NIH
DA007908).

1634

CHARACTERIZATION OF THE ACUTE
INFLAMMATORY RESPONSE TO RNAI-LIPID
NANOPARTICLES IN RODENTS.

J. E. Sutherland, S. A. Barros, G. L. Warner, C. Gamba-Vitalo, T.
Novobrantseva, Y. Jiang, H. Epstein-Barash, B. R. Bettencourt, P. Karper and J.
Hettinger. Alnylam Pharmaceuticals, Cambridge, MA.
The success of RNA interference (RNAi) therapeutics in treating human diseases
depends on safe and efficacious delivery of siRNA to target tissues. Formulation of
siRNA in lipid nanoparticles (LNPs) is one of the most widely used strategies for
systemic delivery to target tissues. Our current LNPs are comprised of an ionizable
lipid, a phosphatidylcholine, cholesterol, and PEG-lipid. When coupled with
siRNA, these LNPs silence therapeutically relevant targets in rodents and nonhuman primates. siRNA-LNPs can stimulate the innate immune system, resulting
in complement activation, cytokine release, and other acute inflammatory responses. In a series of studies, we explored the potential mechanisms of immune
stimulation after systemic siRNA-LNP administration. Serum cytokine profiling in
splenectomized CD-1 mice indicated that the spleen is an important early source of
IL-6. In intact CD-1 mice, chemical modifications to the siRNA component resulted in reduced serum IL-6 and TNFα concentrations 2 and/or 4 hours post-dose
and less hepatotoxicity compared to unmodified siRNA. In mice and rats, siRNALNP-induced increases in several serum cytokines were mitigated following pretreatment with clodronate (a monocyte/macrophage depleting agent). In SpragueDawley rats, a hepatic transcriptome study demonstrated that systemic
administration of siRNA-LNP significantly altered the expression of genes associated with lipid metabolism, acute inflammation, complement, and pathogen-associated molecular pattern (PAMP) recognizing elements. At 24 hours post-dose,
gene expression modulation was associated with changes in serum chemistry and
liver histopathology. These data suggest the involvement of the liver, spleen, and
monocytes/macrophages in the acute immune response to siRNA-LNPs through
lipid and siRNA-mediated pathways.

1635

SUPPRESSION OF ACTIVATION AND ALTERED BCL-6
REGULATION BY 2, 3, 7, 8-TETRACHLORODIBENZOp-DIOXIN (TCDD) IN HUMAN PRIMARY B CELLS.

A. S. Phadnis1, 3, R. B. Crawford2 and N. E. Kaminski2, 3. 1Genetics Program,, East
Lansing, MI, 2Center for Integrative Toxicology, Michigan State University, East
Lansing, MI and 3Pharmacology and Toxicology, Michigan State University, East
Lansing, MI.
TCDD is known to suppress primary humoral immune responses in virtually all
species tested. In humans, epidemiological studies suggested an association between
increased incidence of non-Hodgkin’s lymphoma as well as decreased antibody
titers and exposure to TCDD and dioxin-like compounds. The molecular basis for
these effects is poorly understood. Here, human peripheral blood B cells from
healthy donors were activated in vitro using CD40 ligand to mimic T cell-B cell interactions. Using this method, impaired B cell activation was observed in the presence of TCDD as evidenced by marked decreases in B cell activation markers
CD80, CD86 and CD69 at the mRNA and protein level. To further examine the
consequences of decreased activation by TCDD of human B cells, the role of the
transcriptional repressor B cell lymphoma 6 (BCL-6) was investigated using flow
cytometry. Typically, BCL-6 binds to regulatory regions in genes to impair B cell
activation and differentiation thus maintaining B cells in a resting state. Mutations
and deregulation of BCL-6 is associated with B cell oncogenesis. In this study, an
increase in the proportion of live, high BCL-6 (BCL-6hi) expressing B cells was observed in the presence of TCDD on day 3, when compared to vehicle-treated cells.
A corresponding decrease in expression of activation markers CD80 and CD69 was
seen in the same population of cells. Furthermore, on day 3, enhanced DNA binding activity of BCL-6 within the CD80 gene was observed in gel shift assays using
nuclear extracts from TCDD-treated human B cells, when compared to the VH
controls. Collectively, these results suggest that the deregulation of BCL-6 by
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TCDD might represent a critical mechanism for impairment of B cell activation
and differentiation processes resulting in altered humoral immunity. (Supported by
NIH ES04911 and ES002520)
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EFFECTS OF PERFLUOROOCTANE SULFONATE
(PFOS) AND PERFLUOROOCTANOIC ACID (PFOA) ON
IL-2 PRODUCTION IN THE HUMAN JURKAT T-CELL
LINE.

K. Midgett1, D. L. Kamen1, G. S. Gilkeson1 and M. Peden-Adams2. 1Medical
University of South Carolina, Charleston, SC and 2Harry Reid Center for
Environmental Studies, University of Nevada, Las Vegas, NV.
The human health effects of perfluorinated compounds such as perfluorooctane
sulfonate (PFOS) and perfluorooctanoic acid (PFOA) are becoming an increasing
concern in the United States and worldwide. Both PFOS and PFOA have been
shown to alter various immune functions suggesting that they are immunotoxic.
PFOS has been shown in rodent studies to decrease T-cell IL-2 production, which
is characteristic of autoimmune diseases such as systemic lupus erthematosus (SLE).
Along with PFOS, PFOA has been detected in human blood, but has not been investigated for modulation of IL-2 production. The current study, therefore, assessed
the effects of PFOS and PFOA on IL-2 production in the human Jurkat T-cell line.
Cells were dosed with 0, 0.05, 0.1, 0.5, 1, 5, 10, 50, 75, or 100 ug/ml of PFOS or
0, 0.005, 0.01, 0.05, 0.1, 0.5, 1, 5, or 10 ug/ml of PFOA. Jurkat cells stimulated
with PHA/PMA exhibited decreased IL-2 production beginning at 50 ug
PFOS/ml. However, cells stimulated with anti-CD3/anti-CD28 exhibited no alteration in IL-2 production. PFOA exposure in cells stimulated with PHA/PMA resulted in significant decreases in IL-2 production at 10 ug PFOA/ml, but cells stimulated with anti-CD3/anti-CD28 exhibited no alteration in IL-2 production
following PFOA exposure. Addition of the PPAR-alpha antagonist GW6471 to
PFOS dosed cells stimulated with PHA/PMA resulted in decreases in IL-2 production starting at 50 ug PFOS/ml. However, the addition of GW6471 to PFOA exposed cells stimulated with PHA/PMA ameliorated the PFOA-induced decrease in
IL-2 production. These data suggest that PFOS may affect T-cell IL-2 production
via PPAR-alpha-independent mechanisms and that PFOA-induced suppression of
IL-2 production may be PPAR-alpha-dependent. Further studies in SLE patients
are required to assess risk and the possible role of PFOS or PFOA as environmental
triggers of SLE.
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POLYBROMINATED DIPHENYL ETHERS ATTENUATE
STORE-OPERATED CALCIUM ENTRY AND ALTER
CYTOKINE SECRETION IN HUMAN PERIPHERAL
BLOOD MONONUCLEAR CELLS.

D. D. Bose1, M. D. Eloi2, J. Van de Water2 and I. N. Pessah1. 1Veterinary
Molecular Biosciences, University of California Davis, Davis, CA and 2Division of
Rheumatology, Allergy and Clinical Immunology, University of California Davis,
Davis, CA.
Polybrominated diphenyl ethers (PBDEs) are a group of chemicals that have been
shown to interfere with normal immune function, but the underlying mechanisms
are unknown. Like structurally related non-coplanar PCBs, the toxicity of PBDEs
may be mediated, at least in part, by their ability to interfere with proteins that regulate Ca2+ signaling events. An increase in intracellular Ca2+ ions plays a pivotal role
in activation of immunoreceptors (TCR, BCR). The essential convergent pathway
for Ca2+ entry that regulates activation of mononuclear cells is termed store operated Ca2+ entry (SOCE). Depletion of ER stores activates stromal interaction molecule (STIM) that recruits ORAI1/2 channels in the plasma membrane thus mediating SOCE. Peripheral blood mononuclear cells (PBMCs) were collected from
healthy human volunteers (n=4) and exposed to PBDE congeners BDE-49 and -47
(250nM, 24hr). PBMCs were loaded with fluo-4AM and challenged with ATP
(100μM), which mediates activation via Ca2+ signaling. BDE-49 and 47 significantly decreased the amplitude of ATP mediated Ca2+ transient and its decay (τ1/2)
to baseline, indicating an inhibition of Ca 2+ influx via SOCEs. However, the amplitude of Ca2+ transient and τ1/2 to baseline in the BDE-49 treated cells were significantly more affected than the BDE-47 treated cells. Thus BDE-49 was more
potent inhibitor of SOCE. In parallel studies of immune cell activation, PBMCs
exposed to BDE-47 and -49 (250nM, 24 hr) were challenged with mitogens (24hr)
and cells supernatants were analyzed via multiplex bead-based assay. Both PBDEs
decreased the production of IL-1α, IL-1β, IL-6, TNF-α and INF-γ. These results
are the first to identify inhibition of SOCEs by BDE-49 and 47 as potential key
mechanisms affecting cytokine and chemokine secretion, and could contribute to
the immunotoxicity PBDEs. Supported by NIEHS ES011269, ES04699, and a research gift grant by the JBJ Foundation.
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EPIGENETIC MODIFICATIONS OF HISTONES PLAY A
CRITICAL ROLE IN ETHANOL-MEDIATED
ENHANCEMENT OF FASL GENE EXPRESSION AND
CELL DEATH IN CD4+ T LYMPHOCYTES.

S. Ghare1, M. Patil1, S. Joshi-Barve1, M. Cave1, 3, C. McClain1, 2, 3 and S.
Barve1, 2. 1Department of Medicine/GI, University of Louisville, Louisville, KY,
2Pharmacology and Toxicology, University of Louisville, Louisville, KY and 3Louisville
VAMC, Louisville, KY.
Alcohol abuse is known to induce immunosuppression involving the depletion of
CD4+ T cells; however the mechanisms underlying this alcohol effect are not
clearly understood. Recent work from our laboratory showed that ethanol decreases
S-adenosylmethionine levels and enhances activation induced apoptotic cell death
(AICD) in CD4+ T cells. The Fas-FasL system plays a major role in AICD and resultant depletion of CD4+ T lymphocytes. Increased FasL gene expression has been
seen in various disease conditions such as HIV infection, autoimmune disease states
and cancer. Epigenetic modifications particularly histone acetylation mediated by
histone acetyltransferases (HATs) and deacetylation mediated by histone deacetylases (HDACs) play a critical role in the regulation of the transcriptional activation.
Accordingly, the present work was carried out to investigate the immunotoxic effects of ethanol by examining FasL promoter histone modifications in the regulation of FasL gene expression in CD4+ T lymphocytes exposed to alcohol.
Examination of the FasL promoter in CD4+ T cells exposed to ethanol showed increase in histone H3 acetylation which is associated with active transcription. In
correspondence with increased histone acetylation ethanol was observed to enhance
the recruitment of histone acetyltransferase and transcriptional co-activator p300.
Further, histone acetylation induced by ethanol resulted in increased promoter occupancy by the relevant transcription factors and correlated with increased FasL expression. Notably, garcinol, a specific p300HAT inhibitor markedly reduced p300
targeting, histone acetylation and FasL gene expression. Overall these data identify
the role of ethanol-mediated p300 targeting at FasL promoter and resultant epigenetic modifications are critical for ethanol induced FasL expression and AICD in
CD4+ T cells and ensuing immunosuppression.
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DES AND METHOXYCHLOR METABOLITE, HPTE,
INDUCTION OF CELL DEATH AND ALTERATION OF
THYMOCYTE DEVELOPMENT: DOSE AND
POTENTIAL MECHANISM.

C. Broussard, F. Mourad, L. Leung Liu, Z. Muscato, P. Escalante, H. Johnson,
D. Sortillon and K. Pierce. Biology, University of La Verne, La Verne, CA.
Endocrine disrupting chemicals such as diethylstilbestrol (DES) and methoxychlor
have been shown to induce thymic atrophy and to potentially alter T cell development. However, the dose and the mechanism by which these effects occur remain
unclear, in part because of the varied model systems, modes of exposure, age of animals tested, and doses of exposure used to study the phenomenon in the past. The
current studies were undertaken to elucidate and to compare the dosage and mechanism of action of DES and hydroxyphenyl-trichloroethane (HPTE), the primary
physiological metabolite of methoxychlor, that result in the alteration of the development of T cells. Because the developing immune system during gestation is the
stage most vulnerable to perturbation, embryos at GD16-18 were used for the studies. The effects of exposure of developing thymocytes to DES and HPTE were examined using an in vitro differentiation assay that mimics the early stages of T cell
development in the thymus. Doses in the nanomolar to micromolar range of each
EDC were employed. Phenotypic markers of thymocyte maturation (CD4 and
CD8), signaling status (TCR and CD5), and apoptosis (Annexin V and PI staining) were analyzed using flow cytometry. Doses of 12.5 micromolar and above
(HPTE) and 25 micromolar and above (DES) were found to significantly reduce
cell viability and differentiation in culture. Results indicate that death by apoptosis
was induced early, <8 hrs in culture, suggesting that DES and HPTE may be utilizing nongenomic pathways to mediate their effects on embryonic thymocytes.
^This research is supported by NIEHS ES017345-01. The opinions expressed in
this work are solely the authors’.
*At the time the work was completed, these individuals were undergraduate researchers at the University of La Verne.
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PULMONARY HYPERTENSION-INDUCED BY
EXPOSURE TO ANTIGEN AND URBAN PARTICULATE
MATTER, ROLE OF B CELLS AND ANTIBODIES.

G. Grunig, W. Chen, C. Hoffman, T. Gordon and S. Park. New York University
Medical Center, Tuxedo, NY.
Many studies have suggested a contribution of air pollution for the development of
pulmonary arterial hypertension (PAH). Auto-antibody responses have long been
associated with the severity of PAH. Previous studies in our lab have shown that a

prolonged T helper 2 (Th2) response to inhaled antigen induces severe pulmonary
arterial remodeling. We have also shown that urban particulate matter (PM) from
air pollution exacerbates antigen induced pulmonary arterial remodeling and pulmonary hypertension. Our study was designed to identify the role of B cells (antibody producing lymphocytes) for pulmonary hypertension induced by antigen and
urban PM2.5. Urban PM2.5 was collected in New York City. Th2 primed mice
were challenged with soluble antigen (Ovalbumin) combined with urban PM intranasally. Pulmonary arterial remodeling was determined as well as right heart
weights. Right ventricular systolic pressures were measured by heart catheterization
in anaesthetized, spontaneously breathing mice. In contrast to wild type mice, Th2
primed B cell KO mice did not show significantly increased right heart weights, or
right heart systolic pressures in response to intranasal challenge with antigen and
urban particulate matter. Reconstitution with anti-antigen antibody restored the
development of pulmonary hypertension in antigen-urban PM challenged B cell
KO mice. Like wild type mice, B cell KO mice had significant pulmonary arterial
remodeling that was slightly increased by reconstitution with antibody. Our studies
indicate that antigen-specific antibody is necessary for the development of pulmonary hypertension induced by the exposure to a Th2 antigen combined with
urban PM2.5.
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CHARACTERIZING THE TOXIC MODE OF ACTION OF
MERCURY ON THE B CELL.

A. J. Rosenspire1, R. Gill1, P. Stemmer1, A. Dombkowski1, J. Caruso1 and M.
McCabe2. 1Wayne State University, Detroit, MI and 2University of Rochester,
Rochester, NY.
Inorganic mercury (Hg2+) is a potent immunotoxicant, but an overall understanding of the mechanism by which Hg2+ disrupts cellular function has remained elusive. Chemically, Hg2+ is well known to bind to reduced sulphydryl groups. Because
most protein phosphatases contain sulphydryls at their active sites, it has been suggested that much like okadaic acid (OA), Hg2+ primarily disrupts cell metabolism
by globally inhibiting protein phosphatases. In this study, WEHI-231B cells were
exposed to HgCl2, OA, or as a control to RPMI media then harvested for analysis
of protein phosphorylation state by mass spectrometry. Proteins were trypsin digested and phosphopeptides isolated by TiO2 affinity selection prior to nano-LCMS/MS analysis with an LTQ-XL. The identity of the phosphoproteins was determined using the Mascot algorithm in Proteome Discoverer 1.1 with quantitation
by spectral counting. The Hg2+ and OA treated cells displayed significantly different phosphoprotein profiles from controls. More importantly, the Hg profile differed dramatically from the OA profile, indicating that Hg2+ and OA dependent
toxicity are mechanistically distinct. Adopting a bioinformatics approach, we performed pathway and key node analysis of the Hg2+ data. It was determined that the
set of phosphoproteins was enriched with proteins associated with the B Cell
Receptor (BCR) pathway and that within that pathway the protein tyrosine kinase
Lyn is the most significant node. Utilizing multicolor phosphoflow cytometry we
then looked specifically at the effect of Hg2+ on the (anti-Ig stimulated) BCR signaling pathway by focusing on ERK, Syk, Btk and Blink 65; important phosphoprotein elements of the BCR pathway which are downstream of Lyn. Normally, signaling through the BCR pathway is associated with rapid transients in the tyrosine
phosphorylation of these proteins. Exposure to low concentrations of Hg2+ decreases the maximal strength of signal, but perhaps more importantly, alters the kinetics of the response.
Supported by NIEHS: R21ES019228
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INVOLVEMENT OF IL-17 AND T-HELPER 17(TH17)
CELLS IN DRUG-INDUCED LIVER INJURY (DILI).

X. Zhu. University of Toronto, Toronto, ON, Canada. Sponsor: J. Uetrecht.
Rationale: The mechanisms of many DILI remain largely unknown, especially for
the idiosyncratic type (IDILI). Recently, it has been suggested that Th17 cells may
play an active role in inflammatory liver diseases. We also found that IL-17 was detectable in ~ 60% of acetaminophen (APAP)-induced liver injury and IDILI patients. We thought that the APAP toxicity would be too acute to result in an expansion of Th17 cells and it would be more likely that the IL-17 came from cells of
the innate immune system. The aim of this study was to further characterize the
source of IL-17 and role of Th17 cells in DILI. Procedures and Results: Male
Balb/c mice were given saline or APAP at a dose of 300 mg/kg (i.p.) after an 18 hr
fast. Flow cytometry with intracellular staining was performed to identify the cellular sources of IL-17 in the liver. It was found that both ALT and IL-17 levels started
to increase at 2 hours after APAP treatment. The percentage of CD3+CD4+IL-17+
cells significantly increased in the animals treated with APAP (Student’s t test,
P<0.03). In another study, blood samples were collected at various time points in
patients being treated with isoniazid (INH) because of a positive TB skin test.
Lymphocytes were isolated by differential centrifugation with Ficoll. Three patients
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developed mild liver injury after INH treatment. The percentage of Th17 cells
greatly increased when the ALT was elevated (ALT >40 U/L). The percentage of
regulatory T cell (Treg) appeared to decline after the development of liver injury.
An immune imbalance (represented by the ratio of Th17/Treg) has been observed
during the abnormal state (Student’s t test, P<0.03). Conclusions: These studies
demonstrate that CD17 cells are involved in both “toxic” and idiosyncratic liver
toxicity. CD4+ cells are usually considered to be part of the adaptive immune response but these studies indicate that Th17 cells can respond rapidly, presumably
without antigen specificity, and therefore part of the innate response. This pathway
could be a new target for the therapeutic interventions to treat DILI. This work was
supported by Canadian Institutes of Health Research.

presence of Δ9-THC for 24 h. Without LPS stimulation, expression of CD86 and
MHC I was greater in AM isolated from CB1-/-CB2-/- compared to WT mice. LPS
induced the expression of MHC I, MHC II, and CD86 in WT and these markers
of maturation were significantly suppressed by Δ9-THC. These studies suggest that
AM are sensitive to Δ9-THC treatment via a CB1 and/or CB2-dependent mechanism. CB1 and/or CB2 might also contribute to regulation of maturation of AM as
evidenced by the differences observed in AM cell surface markers between WT and
CB1-/-CB2-/- mice (Supported by NIH DA07908).
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COVALENT BINDING OF NEVIRAPINE IN VITRO AND
IN VIVO.

A. M. Sharma and J. Uetrecht. Pharmacy, University of Toronto, Toronto, ON,
Canada.
Rationale: Nevirapine (NVP) treatment is associated with a significant incidence of
idiosyncratic immune-mediated skin rash and hepatotoxicity. The female Brown
Norway (BN) rat animal model of NVP-induced skin rash was used to test the hypothesis that development of skin rash is mediated by covalent binding of a NVP
metabolite to proteins in skin. Methods: An anti-NVP antibody was produced in
New Zealand White Rabbits and used in immunoblotting studies to detect covalent binding of NVP to skin and liver proteins. Samples were obtained from BN
rats given NVP (150 mg/day) with or without concurrent application of 1-phenyl1-hexanol onto their skin at ~20 mg/kg/day. In vitro incubations of NVP or
metabolites with hepatic microsomes from humans, mice or rats were also performed. Results: Covalent binding was observed in isolated epidermal fractions
from NVP-treated BN rats after primary treatment and after re-challenge. Major
modified bands appeared between 40K and 60K. Application of 1-phenyl-1-hexanol locally inhibited the skin rash and no covalent binding was detected in whole
skin homogenate from inhibitor-treated areas. No effects on blood levels of 12NVP-sulfate were observed. Histology of inhibitor versus vehicle areas displayed a
decreased inflammatory infiltrate in the upper dermis and decreased blood vessel
involvement. As expected, hepatic covalent binding in vivo was significantly lower
for 12-OH-NVP than NVP. Covalent binding was also greater for NVP than for
deuterated NVP or 12-OH-NVP in vitro in human CYP 3A4, mouse, and rat hepatic microsomes. Conclusions: The reactive metabolite that led to hepatic covalent
binding is likely a quinone methide formed by oxidation of the methyl group; however, it does not appear that this occurs in skin. In contrast, it appears that covalent
binding in the skin is due to 12-NVP-sulfate. Based on the effect of a topical inhibitor, it appears that the rash is due to formation of this sulfate in the skin. This
research was funded by the Canadian Institutes of Health Research.
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Δ9-TETRAHYDROCANNABINOL (Δ9-THC) IMPAIRS
ALVEOLAR MACROPHAGE RESPONSES TO
INFLUENZA VIRUS IN VIVO AND TO TOLL-LIKE
RECEPTOR STIMULATION IN VITRO IN A
CANNABINOID RECEPTOR (CB)1 AND/OR 2DEPENDENT MANNER.

P. Karmaus1, 2, B. L. Kaplan2, 3 and N. E. Kaminski2, 3. 1Cell and Molecular
Biology, Michigan State University, East Lansing, MI, 2Center for Integrative
Toxicology, Michigan State University, East Lansing, MI and 3Department of
Pharmacology and Toxicology, Michigan State University, East Lansing, MI.
Alveolar macrophages (AM) protect the respiratory tract against pathogens entering
the lungs. The role of the CB1 and CB2 in AM function and sensitivity to the effects of exogenous plant-derived compounds, including Δ9-THC, within the context of an anti-influenza response is not known. The present study examined the effects of Δ9-THC on AM responses after A/PR/8/34 influenza virus (PR8) infection
in vivo and lipopolysaccharide (LPS) stimulation in vitro in C57Bl/6 (WT) and
CB1/CB2 null (CB1-/-CB2-/-) mice. Three days after PR8 infection, CD11bCD11c+Gr-1- AM isolated from lungs were evaluated using flow cytometry. The
presence of AM was increased in the lungs after PR8 infection in WT and even to a
greater extent in CB1-/-CB2-/- mice. Administration of Δ9-THC (75 mg/kg) reduced the influx of AM into the lungs after PR8 infection only in WT mice. In
contrast to MHC I and MHC II, CD86 was induced by PR8 infection in WT and
more robustly in CB 1-/-CB2-/- mice. Furthermore modest suppression of PR8-induced CD86 expression by Δ9-THC was observed in WT mice only. AM were isolated from broncho-alveolar lavage fluid and stimulated in vitro with LPS in the
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MAGNITUDE OF STIMULATION DICTATES THE
CANNABINOID-MEDIATED DIFFERENTIAL T-CELL
RESPONSE TO HIVGP120

W. Chen1, 3, B. Kaplan3, 2, S. T. Pike3 and N. E. Kaminski2, 3. 1Microbiology and
Molecular Genetics,, East Lansing, MI, 2Department of Pharmacology and
Toxicology, Michigan State University, East Lansing, MI and 3Center for Integrative
Toxicology, Michigan State University, East Lansing, MI.
Cannabinoids have immunosuppressive properties, but it is unknown whether
cannabinoids further impair the immune status of immunocompromised HIV patients, as approximately 25% of HIV patients smoke marijuana for its putative
therapeutic benefit. A surrogate in vitro mouse model to induce polyclonal T cell
responses against HIVgp120 was established. A gp120-expressing dendritic cell line,
DC2.4gp120, was used to elicit gp120-specific T cells, and a gp120-expressing T cell line,
EL4gp120, was used as target cells. Δ9-Tetrahydrocannabinol (THC), the predominant psychoactive compound in marijuana, suppressed or enhanced the gp120-specific cytotoxic T lymphocyte (CTL) response and CD8+ T cell proliferation when
the magnitude of stimulation was high or low, respectively. To determine the molecular mechanisms by which THC differentially modulates T cell responses,
PMA/ionomycin (Io) or anti-CD3/CD28 were used for activation. THC suppressed or enhanced IFNγ or IL-2 production by mouse splenocytes (SPLC) under
optimal or suboptimal activation, respectively. However, THC elevated intracellular calcium, regardless of the stimulation level with PMA/Io, suggesting that the
cannabinoid-induced calcium increase provides an appropriate signal for activation
in suboptimally stimulated T cells, but an anergic-like signal due to excessive calcium in optimally stimulated T cells. Overall, these data identify a mechanism by
which THC differentially modulates T cell function and suggest possible enhancement of immune function by marijuana use among HIV patients (Supported by
NIH DA07908).
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IMMUNOTOXICITY OF POLYCYCLIC AROMATIC
HYDROCARBONS AND ARSENIC FOLLOWING
COMBINED EXPOSURES IN HUMAN PERIPHERAL
BLOOD MONONUCLEAR CELLS.

F. T. Lauer and S. W. Burchiel. College of Pharmacy, University of New Mexico,
Albuquerque, NM.
Studies in our laboratory have shown that in vitro exposure of mouse spleen cells to
sodium arsenite (As+3) and polycyclic aromatic hydrocarbons (PAHs) results in
synergistic immune suppression of T-dependent antibody responses (TDAR).
Kozul et al. (EHP, 2009) have demonstrated that mice exposed to 100 ppb As+3 in
drinking water for 5 weeks have a decreased resistance to influenza A virus. We have
previously shown that human peripheral blood mononuclear cells (HPBMC) exposed to PAHs display pronounced inhibition of T-cell proliferation. Soto-Pena et
al. (FASEB, 2006) have shown that children exposed to arsenic in drinking water
had diminished T-cell proliferation responses. Thus, the purpose of our present
study was to determine if As+3 interacts with PAHs resulting in suppression of Tcell mitogenesis in HPBMC. In this study, we exposed HPBMC from different
donors to environmentally relevant concentrations of As+3 in vitro alone and in
combination to PAHs and measured phytohemagglutinin (PHA)-induced T-cell
proliferation. Our results demonstrated significant differences between individuals
in both their sensitivity to As+3 as well as their PAH sensitivity. We found that extremely low concentrations of As+3 (<1 nM) inhibited T-cell proliferation in some
people and that a PAH (BaP-Diol) caused further suppression. We further showed
that As+3 exposure resulted in a “J” shaped dose response curve with low concentrations (< 1nM, or ~7.5 ppb) of As+3 suppressing T-cells and high concentrations
(>1 uM) stimulating these cells. The results of our studies demonstrate that
HPBMC from some individuals are extremely sensitive to low concentrations of
As+3 and that combined exposures to PAHs may produce additive or synergistic
immunosuppression. This work was supported by a CTSC Pilot Project Award
NIH/NCRR #1 UL1RR031977-01
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REDUCED RESPONSIVENESS OF CIRCULATING
LEUKOCYTES FOLLOWING METAL-RICH
PARTICULATE MATTER EXPOSURE.

T. Hulderman, P. C. Zeidler-Erdely, M. L. Kashon, J. K. Gu, S. Young, R.
Salmen-Muniz, T. G. Meighan, J. M. Antonini and A. Erdely. NIOSH,
Morgantown, WV.
Exposure to metal-rich particulate matter generated from welding has been linked
to cardiovascular dysfunction and reduced immune competence. The aim of this
study was to evaluate the molecular changes and responsiveness of circulating
leukocytes following welding fume exposure. Rats were exposed to manual metal
arc stainless steel welding fume (MMAW-SS) at 2 mg/rat by intratracheal instillation and harvested 4 and 24 hr post-exposure. Blood was collected and analyzed for
differential changes by flow cytometry and gene expression changes by microarray
and subsequent pathway analysis. In addition, anticoagulated blood was incubated
for 24 hr with and without LPS stimulation utilizing the TruCulture® whole blood
collection system. After incubation, supernatants were collected for protein analysis
and the cellular fraction was collected for gene expression changes. Analysis of microarray data from 4hr post-exposure showed 254 network eligible genes (137-up
and 117-down). The top biological category “inflammatory response” had 70 molecules of which 75% were significantly reduced. By 24 hr there were 75% fewer
network eligible and altered “inflammatory response” genes. These results indicate
a rapid effect on the circulating blood cell population after pulmonary exposure
that was less apparent with time. Ex vivo stimulation with LPS of circulating leukocytes showed reduced production of CCL4, CXCL2, CXCL10 and TNF alpha protein in MMAW-SS treated rats. Cellular gene expression changes from MMAW-SS
and PBS rats were similar after ex vivo LPS stimulation indicating effects were not
at the transcriptional level. These results showed a reduced capacity of circulating
leukocytes to produce inflammatory proteins in response to a secondary stimulus
following a metal-rich particulate matter pulmonary exposure and provide mechanistic insight into epidemiological and experimental evidence illustrating immunosuppression following welding fume exposure.

1648

OXIDATIVE STRESS, DNA DAMAGE, AND
INFLAMMATION-INDUCED BY WOOD SMOKE
PARTICULATE MATTER IN HUMAN A549 AND THP-1
CELLS.

C. L. Galli1, L. Marabini2, S. Budello1, A. Piazzalunga3, M. Marinovich1 and E.
Corsini1. 1Department of Pharmacological Sciences, University of Milan, Milan, Italy,
2Dipartimento di Farmacologia, University of Milan, Milan, Italy and 3Dipartimento
di Scienze dell’ambiente e del territorio, University of Milano-Bicocca, Milan, Italy.
PURPOSE: Especially in wintertime, combustion of wood for residential heating
and/or cooking substantially contributes to both outdoor air and indoor levels of
particulate matter (PM). The purpose of this study was to investigate the pro-inflammatory effects of wood smoke PM in the human lung epithelial cell line A459
and in the human promyelocytic cell line THP-1 comparing wood smoke PM obtained from high or low oxygen combustion of beech and fir pellets and reference
diesel exhaust particulates (DEP, NIES certified reference material NO.8 vehicle
exhausted particles, Japan). In parallel, in A549 cells wood smoke PM-induced
DNA damage and oxidative stress were also investigated. METHODS: Cells were
treated with increasing concentrations of PM2.5 obtained from wood combustions
and DEP (0-100 microg/ml) for different times (3-48 h). Cell viability was assessed
by lactate dehydrogenase leakage, and the proinflammatory effect was evaluated by
measuring the release of IL-8. Oxidative stress was evaluated by the DCFH-DA
assay and DNA damage by the Comet assay. RESULTS: Both A549 and THP-1
cells responded in a dose and time related manner to PM2.5 obtained from incomplete wood combustion in term of release the proinflammatory cytokine IL-8.
Similar responses were observed for the particulates obtained from both fir and
beech woods as well as DEP. Part of the response observed was due to endotoxin
contamination and a role of benzopyrene could be demonstrated for IL-8 release in
A549 cells. Both fir and beech wood PM obtained from incomplete combustion
also induced a dose related oxidative stress and DNA damage. These results suggest
that the proper control of combustion condition strongly affects the characteristic
of particulate and the consequent toxicity. This project was funded by Ministero
dell’Istruzione, dell’Università e della Ricerca (PRIN2008).
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EFFECTS OF GLUTAMATE ON B1A B CELL FUNCTION.

R. D. Marcum and J. Pfau. Department of Biological Sciences, Idaho State
University, Pocatello, ID.
Inhalation of asbestos fibers can lead to multiple disease states including asbestosis,
pleural plaques, and mesothelioma. Additional studies have linked asbestos exposure with systemic autoimmune disease. Macrophages exposed to asbestos demon-

strate an increase in reactive oxygen species. To help neutralize reactive oxygen
species the xCT system imports cystine to be used for synthesis of antioxidants.
xCT also exports glutamate as part of this process, yet the role of glutamate in activating B cells is unknown. B1a B cells are implicated in autoimmunity and are potentially impacted in the pleural cavity following asbestos exposure. Our study focuses on the effects of exported glutamate on B1a cells and its possible connection
with the development of autoimmune disease.
The expression of NMDA and mGluR5 glutamate receptors on CH12.LX cells, a
B1a cell line, was demonstrated using flow cytometry. Agonists to these glutamate
receptors were used to determine the physiological effects of activation of glutamate
receptors on B1a cells including proliferation, cytokine production, and antibody
production. Additionally, RNA was extracted from CH12.LX cells after exposure
to glutamate and expression of genes involved B and T cell activation was quantified using a qPCR array. Results show that glutamate and glutamate receptor agonists exert their effect on proliferation of Ch12.LX cells. This indicates that exported glutamate does have an effect on B1a cells and thereby may contribute to
immune activation leading to autoimmunity.

1650

PULMONARY HYPERTENSION-INDUCED BY
EXPOSURE TO ANTIGEN AND URBAN PARTICULATE
MATTER, ROLE OF IL-33.

S. Park, W. Chen, C. Hoffman, T. Gordon and G. Grunig. Environmental
Medicine, New York University Medical Center, Tuxedo, NY.
Previous studies in our lab have shown that a prolonged T helper 2 (Th2) response
to inhaled antigen induces severe pulmonary arterial remodeling. Urban particulate
matter (PM) from air pollution is known to exacerbate lung and cardiovascular
conditions. The first goal of our study was to test the hypothesis that PM would
also exacerbate pulmonary arterial remodeling and would cause pulmonary hypertension. The second goal was to identify the molecular mechanisms. We focused on
IL-33, which can induce Th2 responses, lung inflammation and remodeling. On
the other hand, IL-33 signaling via its receptor, ST2, is cardio-protective for the left
heart. Urban PM2.5 was collected in New York City. Th2 primed wild type or IL33 deficient (KO) mice were intranasally challenged with soluble antigen combined
with urban PM2.5. Scores for pulmonary arterial remodeling were determined as
well as right ventricular systolic pressure by heart catheterization of anaesthetized,
spontaneously breathing mice; IL-33 and ST2 gene expression by qPCR. Results
and Conclusions: 1) Urban PM2.5 exacerbated antigen-induced pulmonary arterial
remodeling.
2) Combined exposure with urban PM2.5 and antigen induced pulmonary arterial
hypertension as shown by increased right ventricular systolic pressure and right ventricular hypertrophy. 3) IL-33KO mice were no different from wild type with respect to pulmonary hypertension or right heart hypertrophy induced by combined
exposure to antigen and urban PM2.5. IL-33KO mice had similar airway inflammation but reduced dendritic cells in the bronchoalveolar lavage relative to wild
type in response to antigen and urban PM.
4) Initial data suggest that IL-33 is down- (not up-) regulated in the right hearts of
animals exposed to an exaggerated Th2 response. This finding could explain the
lack of a difference between IL-33KO and wild type mice in our experiments. In
the future, we plan to test the idea that expressing IL-33 at control levels is beneficial for the right heart during a Th2 response.

1651

CHEMICAL ALLERGEN-INDUCED INTERLEUKIN-17
PRODUCTION: ROLE OF THE INNATE AND
ADAPTIVE IMMUNE SYSTEMS.

M. D. Hayes, I. Kimber and R. J. Dearman. Faculty of Life Sciences, University of
Manchester, Manchester, United Kingdom.
T helper (Th)17 cells and innate immune cells, including γδ T cells, express IL-17
cytokines and play important roles in the pathogenesis of autoimmunity. However,
little is known of their involvement in immune responses to contact and respiratory
allergens. The kinetics of allergen-induced IL-17 expression has now been examined following acute exposure and following immune priming. Using different topical treatment regimens, mice (BALB/c) were exposed to the contact allergen 2,4dinitrochlorobenzene (DNCB) or to the respiratory sensitiser trimellitic anhydride
(TMA). Controls received vehicle alone. At selected time points draining (auricular) lymph nodes were excised and pooled per animal (n=3 per group). Single cell
suspensions were prepared, cultured for 120h and supernatants analysed by cytokine ELISA. A single topical (acute) exposure to both allergens on the dorsum of
the ears resulted in transient up-regulation of IL-17 cytokines. Maximal levels were
observed at 6h and 48h following DNCB and TMA treatment, respectively.
Subsequently, mice were primed on both flanks on days 0 and 5, followed by challenge on the dorsum of both ears on days 10, 11 and 12, with lymph nodes excised
on day 13. This “chronic” exposure regimen results in the induction of preferential
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Th1 and Th2 cytokine responses by DNCB and TMA, respectively. Under these
conditions, only DNCB provoked IL-17 expression. Interestingly, priming of the
mice followed by a single challenge completely abrogated TMA-induced IL-17 expression whereas DNCB treatment provoked a similar pattern of IL-17 production
(transient peak at 6h) to that observed in the absence of priming, albeit at much
lower levels. The pattern and kinetics of IL-17 production is consistent with a single acute exposure to both allergens stimulating IL-17 production by γδ T cells.
During the development of the adaptive immune response, however, exposure to
TMA down-regulates γδ T cell IL-17 production. Whereas not only is the γδ T cell
response maintained following DNCB priming, but there is also evidence of Th17
cell activation.

1652

DENDRITIC CELL-MEDIATED T CELL
PROLIFERATION—A FUNCTIONAL BIOINDICATOR
OF INFLAMMATORY SOURCE-SPECIFIC
PARTICULATE MATTER.

M. A. Williams, M. J. Daniels, T. J. Smith and I. Gilmour. NHEERL-EPHD,
US EPA, Research Triangle Park, NC.
Previously we found that dendritic cells (DC) were sensitive functional bioindicators of ambient PM (APM) exposure mediating Th2-allergic inflammation in the
draining lymph nodes. Here, the ability of bone-marrow-derived DC (DC) and putative BM-derived basophils (Ba) to present antigen and activate autologous T cells
following exposure to source-specific PM was assessed. DC and Ba propagated
from female OVA-specific C57Bl/6J OT-II.2 mice whose T cell receptors were
transgenic for the chicken ovalbumin peptide OVA323-339. OVA-specific
CD62L+ CD4+ T cells were purified from lymph nodes by immunomagnetic selection. DC or Ba were stimulated with APM, environmental diesel PM (DEP) or
emission-source diesel PM (EPAx) for 24h, washed then loaded with/without endotoxin-free OVA (50μg/ml,4h) prior to co-culture for 5d with T cells and assessed
for T cell activation by both bromodeoxyuridine uptake and Th1/Th2 cytokine responses. PM and DEP exposure resulted in functional maturation of DC and BA
and provoked a Th2-skewed response. DC but not Ba promoted enhanced T cell
activation with exposure to APM or LPS alone compared to “resting” DC.
Moreover, exposure of DC to APM or DEP followed by OVA, enhanced T cell activation compared to control DC or DC stimulated with LPS or CD40L (positive
controls). While Ba could stimulate T cells, DC responses were more sensitive to
PM exposure. We conclude that DC are activated on exposure to APM and stimulate enhanced CD4+ T cell activation in the absence of OVA antigen loading. In
DC primed with APM or DEP and subsequently loaded with OVA, T cell activation was markedly enhanced as compared non-OVA pulsed DC or DC not exposed
to PM. The autologous OTII.2 DC/T cell antigen presentation assay is a sensitive
bioindicator of the immunotoxic effects of environmental pollutant particles in
vitro. This assay could be applied to hazard identification and risk assessment of
previously untested PM species. (This abstract does not reflect EPA policy).

1653

THE ENHANCEMENT OF CD8-POSITIVE T-CELL
PROLIFERATION CAUSED BY TRICHLOROETHYLENE.

R. Kobayashi, T. Nakanishi and H. Nagase. Gifu Pharmaceutical University, Gifu,
Japan. Sponsor: S. Masahiko.
The prevalence rate of allergic disorders is increasing in industrial areas and countries. Recent reports suggest that some environmental pollutants are related to the
increase in allergic diseases. Trichloroethylene (TCE) is widely used in many industries, and commonly detected as an environmental contaminant. TCE is known to
have toxicity for the nervous system, liver, and kidneys, and also to show immunotoxicities like Th1 cells activation and inhibition of CD4 positive (CD4+) T cells
apoptosis. We previously reported that TCE is a candidate chemical for causing the
increase of allergic diseases, because TCE ingestion enhanced allergic reaction and
antigen stimulated lymphocytes proliferation. However it has been unclear that
TCE ingestion affects T cell responses. In the present study, we focused on the direct effect of TCE treatment on T cell proliferation in vitro.
The splenocyte and lymphocyte proliferation with T cell receptor (TCR) stimulation were significantly enhanced by TCE treatment. The enhancement of proliferative response was remarkable in CD8 positive (CD8+) cells. In addition, the phosphorylation of Lck in the CD8+ cells was also increased by TCE treatment. The
ratio of CD8+ cells was also significantly increased by TCE ingestion with immunization. These result shows that TCE affects TCR stimulated cell proliferation and
Lck phospholylation that may cause the enhancement of sensitivity of CD8+ cells
to antigen. In conclusion, TCE exposure enhances TCR induced proliferation of
CD8+ T cells to facilitate Lck phosphorylation and may cause disrupting in peripheral T cell activities.
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INTERACTION OF ARYL HYDROCARBON RECEPTOR
(AHR) WITH NF-κB-MEDIATED RESPONSES IN
DENDRITIC CELLS (DC) AND TISSUES FROM MICE.

C. Vogel1, 5, D. Wu1, S. Goth4, G. Yang2, P. Leung2, E. Gershwin2, J. Abel3, T.
Herrmann-Stemmann3, I. Pessah4 and F. Matsumura1, 5. 1Environmental
Toxicology, University of California Davis, Davis, CA, 2Allergy and Clinical
Immunology, University of California Davis, Davis, CA, 3Institute for
Environmental Research, University of Dusseldorf, Duesseldorf, Germany,
4Department of Molecular Biosciences, University of California Davis, Davis, CA and
5Center for Health and the Environment, University of California Davis, Davis, CA.
The aryl hydrocarbon receptor (AhR) has been identified as an important transcription factor regulating the responses of immune cells including T cell and dendritic cells (DC). Most recent data indicate that ligand-dependent activation of
AhR may drastically alter the classical LPS- and NF-κB-mediated inflammatory responses. Depending on the target gene the LPS-induced expression of CC or CXC
chemokines as well as DC specific cytokines and surface markers can be synergized
or antagonized by activation of AhR with TCDD based on the interaction of AhR
with NF-κB Rel proteins. Ligand specific effects of 6-formylindolo[3,2-b]carbazole
(FICZ) and TCDD on inflammatory marker genes were found in human derived
DC and BMDC from mice. Dose-response studies show that even a low-dose of
TCDD or other AhR ligands (w/o showing any CYP1A1 induction) can drastically
change the inflammatory response such as the induction of IL-8 elicited by a low
dose of a pathogen like LPS. The role of AhR in LPS-mediated inflammatory responses has also been shown in AhR null mice. Results from a transgenic mouse
model indicate that expression of a transgenic AhR Repressor (AhRR) construct
may suppress inflammatory marker genes as well as constitutive expression of AhR
regulated genes and cytokines. A possible role of AhRR in LPS- and NF-κB-dependent signaling will be discussed.
In summary the data suggest that the AhR in crosstalk with NF-κB becomes especially critical under inflammatory conditions and that classical inflammatory signals mediated through TLR4 or/and NF-kB are dysregulated which may cause immunotoxic effects and the development of chronic inflammatory conditions like
asthma, allergy or autoimmune diseases.
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CIRCULATING MICRORNAS: A NEW CLASS OF
BIOMARKERS FOR TISSUE-SPECIFIC TOXICITY.

W. Hu1 and G. J. Falls2. 1Drug Safety R&D, Pfizer, Inc., San Diego, CA and 2Safety
Assessment, GlaxoSmithKline, Research Triangle Park, NC.
MicroRNAs (miRNAs) are endogenous, small noncoding RNAs that down-regulate gene expression. Some miRNAs are produced at high concentrations within
cells in a tissue-specific manner, and such miRNAs have recently been reported to
be remarkably stable in plasma or other accessible body fluids. More importantly,
differential increases in circulating miRNA populations have been shown by numerous studies to be associated with different disease or toxicity phenotypes. For
example, tumor-derived miRNAs have been shown to distinguish patients with
cancer from healthy individuals. Plasma concentrations of miR-122, miR-133a,
and miR-124 have recently been shown to correspond to injuries in liver, muscle,
and brain, respectively. Elevation in cardiac-specific miR-208a in plasma has been
implicated as a potential biomarker for early diagnosis of acute myocardial infarction in humans. Taken together, because of their size, abundance, tissue specificity,
and relative stability in body fluids, miRNAs hold promise as a new class of accessible biomarkers to monitor tissue-specific injuries. Our panel will explore the importance of this topic by providing perspectives from both industry and government sectors on the application of miRNAs as potential tissue injury biomarkers,
the promises and pitfalls of miRNAs, and technical issues related to miRNA profiling in tissue and biofluids. Finally, our discussion will end with the impact of
miRNA biomarkers on drug development in nonclinical studies, and the potential
translatability to safety assessment in clinical settings.

1656

MICRORNACHANGES IN RAT MESENTERY AND
SERUM ASSOCIATED WITH DRUG-INDUCED
VASCULAR INJURY.

M. Scicchitano and R. Thomas. Safety Assessment, GlaxoSmithKline, King of
Prussia, PA.
Identification of a pathogenic mechanism of drug-induced vascular injury (DIVI)
and acquisition of validated clinical and nonclinical noninvasive methods for monitoring vascular integrity are significant hurdles in drug development. Recently,
miRNA has been analyzed from mesentery and serum taken from rats given vasculotoxic drugs to study DIVI. Fenoldopam (FM), dopamine (DM), and yohimbine
(YH) were selected as they alter hemodynamics due to agonism of DA1,

a1/a2/DA1/DA2, and antagonism of the a2 receptors, respectively. FM and DM
reproducibly induce mesenteric arterial lesions in rats while YH does not. There
were 30 and 33 miRNAs which increased in a statistically significant manner
(p<0.05) with a fold change of 2 or greater in mesenteries of FM-and DM-treated
rats, respectively, with 9 of these in common. None of these changes were observed
in rats treated with YH. Seven of these 54 miRNAs were also up-regulated in serum
from rats treated with either FM or DM, but not YH, suggesting a possible role as
peripheral biomarkers. In order to further correlate miRNA changes with DIVI,
mesenteries from affected rats dosed with two additional vasculotoxicants have
been assessed: Midodrine hydrochloride (MID), an a2 agonist, and a proprietary
PDEIII inhibitor. In MID-treated rat mesenteries, 9 miRNAs increased at least 2fold with a p-value ≤ 0.05; and of these 4 were similarly increased in mesenteries
from FM- and/or DM-treated rats. In PDEIII treated rat mesenteries, multiple
miRNAs increased by at least 2-fold with a p-value ≤ 0.05, and a small percentage
were increased in mesenteries in common with the other vasculotoxicants. One
miRNA, (miR-134) is of particular interest as it was consistently expressed above
controls and localization by in situ hybridization confirmed expression in mesenteric periadventitial adipose tissue, vascular endothelium and vascular smooth muscle of all treated rats, but not in equivalent tissues from control rats. This work correlates miRNA expression changes with DIVI in the rat and could provide
information on pathogenesis and for biomarker development.

1657

URINE MICRORNAS AS KIDNEY INJURY
BIOMARKERS: THE CASE FOR EXOSOMES.

P. Yuen. National Institute of Diabetes and Digestive and Kidney Diseases, National
Institutes of Health, Bethesda, MD. Sponsor: G. Falls.
We are studying exosomes from urine as a source of non-invasive biomarkers for
kidney injury and disease. Exosomes are small (40-100 nm), right-side-out vesicles
that contain cytoplasm, and they are derived from epithelial cells that line every segment of the nephron, including podocytes. We have focused on two classes of molecules that can regulate large numbers of genes: transcription factors and
microRNA. We found that microRNA-192 from urine exosomes increases transiently after renal ischemia/reperfusion (I/R), and that microRNA-27b decreases
transiently, much like other acute biomarkers of acute kidney injury such as KIM-1
and NGAL. We tested whether these exosomal miRNAs could predict the extent of
kidney damage, as determined by histology scoring. We found that at 14 days postI/R, urine exosomal miR-192, but not miR-27b, could predict the degree of
glomerulosclerosis and interstitial fibrosis one year later, with a correlation coefficient of r = 0.90 and 0.91, respectively. Therefore, we have early evidence that
miRNAs from urinary exosomes can predict the severity of kidney injury. We hope
to further determine temporal and pathophysiological relationships between
miRNAs and the changes in the structure and function of the kidney that result
from disease and toxicity.
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MICRORNA BIOMARKERS OF GASTROINTESTINAL
TOXICITY IN TISSUES AND BIOFLUIDS.

A. Yang, D. Kalabat, A. Vitsky, W. Scott and W. Huang. Drug Safety R&D,
Pfizer, San Diego, CA.
Gastrointestinal (GI) toxicity is a dose-limiting toxicity associated with many antiproliferative agents for the treatment of cancer. Histopathology, the current gold
standard for detecting GI toxicity, has limited sensitivity. In the conduct of both animal and clinical studies, it is advantageous to monitor GI toxicity in a real-time,
sensitive, and non-invasive manner. To identify microRNA (miRNA) biomarkers
of GI toxicity in a preclinical toxicology species, rats were dosed orally for five days
with positive and negative compounds of GI injury. To minimize chemotype- and
class-specific effects, the positive compounds were selected to include anti-proliferative agents with diverse targets, as well as a non-steroidal anti-inflammatory drug.
Histopathology of GI tissues at study termination showed that these compounds
caused distinct patterns of lesions in the GI tract, affecting the stomach, small intestine, and/or large intestine. Gene expression profiling and pathways analysis
were also performed on select GI tissues at termination to elucidate mechanisms of
toxicity, and provide putative biomarkers to be evaluated in fecal and plasma samples, collected at regular intervals throughout the study. Of the top perturbed
miRNAs identified by tissue gene expression profiling, several are known to be enriched in the intestine and were characterized further in biofluids. miR-194 is expressed in differentiated intestinal epithelial cells. Fecal levels of miR-194 increased
in a dose- and time-dependent manner following treatment that induced GI injury.
In addition to positive correlation with the severity of injury, in several instances the
biomarker signals preceded clinical observations of GI stress. In conclusion, the
current set of studies provides evidence that select miRNA species can act as novel,
sensitive and quantitative biomarkers of GI injury. With further validation and
translational studies, they may be useful in screening and ranking compounds during preclinical development, and in monitoring GI-related adverse events clinically.
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EXTRACELLULAR MICRORNAS: A NEW SOURCE OF
BIOMARKERS FOR LIVER INJURY.

K. Wang. Institute for Systems Biology, Seattle, WA. Sponsor: G. Falls.
MicroRNAs (miRNAs), a recently discovered class of non-coding RNAs, play important regulatory roles in many cellular processes. Some miRNAs have also been
found in various body fluids. The extracellular miRNAs are stable, the expression of
some miRNAs is specific to tissues or biological stages, and the level of miRNAs
can be easily assessed by various methods, which are some of the requisite features
of good biomarkers. Using acetaminophen overdose as a model, we have demonstrated the possibility of using tissue specific circulating miRNA levels in plasma to
detect drug-induced liver injury. Despite many desirable properties for circulating
miRNAs based biomarker, the most fundamental challenge to use such biomarker
is the ability of reliably and accurately measure the level of specific miRNA. Some
of the issues associated with miRNA measurement will be discussed.
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CIRCULATING MICRORNAS AS POTENTIAL
BIOMARKERS OF DRUG-INDUCED TESTICULAR
TOXICITY.

J. Kelsall2 and H. Lin1. 1Drug Safety R&D, Pfizer, Andover, MA and 2Safety
Assessment UK, AstraZeneca, Macclesfield, Cheshire, United Kingdom.
For new drugs to be tested in male volunteers, it is necessary to assess their effects
on male fertility. This is currently based primarily on testicular histopathology,
which is invasive and time-consuming, doesn’t enable longitudinal monitoring in
preclinical species, and isn’t appropriate in the clinic. Ideal biomarkers of testicular
toxicity would reflect damage to seminiferous tubules, easily detectable in the
blood, and show a robust response to damage. MicroRNAs (miRNAs), involved in
regulation of gonadogenesis and spermatogenesis, have emerged as novel biomarkers of testicular toxicity and potential therapeutic targets. Expression levels of a
panel of miRNAs were profiled in testis and plasma from immature and mature rats
using Dynamic Array™ Integrated Fluidic Circuits (Fluidigm). miRNA expression
levels in plasma from mature rats following castration were also monitored during
an 8 week recovery period to confirm testicular specificity of miRNAs. In addition,
testicular specific miRNAs were profiled in rat major tissues using ABI custom
TaqMan low density array (TLDA). In a study we focus on dysregulated miRNAs
in serum of rats following a single dose of 20mg/kg of Cisplatin (CP). Serum
miRNA concentrations were measured with the TLDA method. The expressions of
miRNAs in serum of CP treated rats were significantly dysregulated. In particular,
a number of elevated circulating miRNAs in serum collected from CP-treated animals and previously demonstrated to be preferentially expressed in the testis.
Additionally, their changes can be detected significantly earlier before histopathology was observed. These results provide further support for the utility of miRNAs
as promising candidates as sensitive biomarkers of testicular injury.

1661

IN VITRO AND IN VIVO ALTERNATIVE MODELS OF
DEVELOPMENTAL TOXICITY OF PHARMACEUTICAL
COMPOUNDS.

C. McGinnis1, A. H. Piersma2, H. Handa3, T. B. Knudsen4 and J. Hescheler5.
1Nonclinical Safety, Hoffmann-La Roche, Basel, Switzerland, 2Laboratory for Health
Protection Research, National Institute for Public Health and the Environment RIVM,
Bilthoven, Netherlands, 3Solutions Research Laboratory, Tokyo Institute of Technology,
Yokohama, Japan, 4National Center for Computational Toxicology, US EPA,
Research Triangle Park, NC and 5Institute of Neurophysiology, University of Cologne,
Cologne, Germany.
In vitro methods for testing of developmental toxicity effects of chemicals have been
in use since ECVAM validated the EST (Embryonic Stem Cell Test for
Embryotoxicity) assay as an alternative to in vivo developmental toxicology studies.
The EST assay has been slow accept in the pharmaceutical industry, mostly due to
the perceived complexity and uncertain applicability domain associated with in
vitro differentiation from stem cells to cardiomyocytes, the classical EST endpoint.
In recent years, considerable efforts have been undertaken to define new endpoints
using genomic, proteomic, and metabolomic markers. In addition, a human stem
cell-derived EST approach has been initiated as well as the validation of other alternative models such as zebrafish for embryotoxicity prediction. There are many new
developments in this field such as comparing in vitro and in vivo alternative approaches and the use of models to identify primary targets of known teratogens. In
addition, novel automation and culturing approaches will be reviewed that have
considerably aided in the reduction of variability and work load of the EST assay.
Advances in using transcriptomics for identification of predictive biomarkers will
also be covered, along with the current status of development of a human EST
assay. Finally, bottlenecks in the implementation of these assays in regulatory toxicology will be discussed.
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THE ROCHE EXPERIENCE WITH THE EST ASSAY AND
DEVELOPMENT OF A NOVEL, FULLY AUTOMATED
APPROACH.

C. McGinnis. Nonclinical Safety, Hoffmann-La Roche, Basel, Switzerland.
The in vitro Embryonic Stem Cell Test (EST) assay has been used at Roche for the
past 7 years and has shown proven value in predicting for in vivo adverse developmental effects, whilst maintaining a low false positive rate. Whilst the original EST
method was validated by ECVAM, we further optimized and modified the approach allowing for the application of the assay to pharmaceutical compounds, and
a robust and consistent yield of embryonic bodies and beating cardiomyocytes.
However, running this test as a manual assay has proven to be highly work-intensive
and there was a need to adapt capacities and turnaround times to growing project
needs. As a result, a major project was undertaken to explore the feasibility to fully
automate the EST assay. These in-house efforts have now produced a novel culturing device, the HDCP (“Hanging Drop Culture Plate”) device that allows for automated culturing and handling of high quality embryonic bodies. With this bottleneck solved, a specially designed, fully automated platform combining compound
handling, dose-response plates, cytotoxicity and differentiation test has been developed. Historical EST data will be presented as well as the results of the validation of
the first fully automated HDCP-EST assay.

1663

TRANSCRIPTOMICS APPROACHES TOWARD
BIOMARKERS OF EMBRYOTOXICITY IN THE
EMBRYONIC STEM CELL TEST.

A. H. Piersma. Laboratory for Health Protection Research, National Institute for
Public Health and the Environment RIVM, Bilthoven, Netherlands. Sponsor: E.
Carney.
The mouse Embryonic Stem Cell Test (EST) has been subject of extensive research
as well as debate as to its possible relevance for detecting developmental toxicants.
In order to improve predictability as well as the understanding of the applicability
domain of the assay, we have studied differential gene expression as a tool to monitor cell differentiation as well as the interference of chemicals. We defined a differentiation track in the unexposed EST on the basis of a Principal Component
Analysis of gene expression changes. The optimal time point for detecting relevant
gene expression modulation was defined on the basis of these data. Chemicals affecting the EST were shown to deviate from the differentiation track. We have derived predictive gene signatures related to effects of a limited number of chemicals
and evaluated them against additional chemicals. Comparisons between gene and
protein expression in the EST, in vitro – in vivo gene expression comparisons, and
dose-response analyses of gene expression to define an in vitro threshold of adversity have shed further light on the biology of the test system. Such information will
aid in the definition of applicability domain and predictivity, facilitating implementation in an integrated testing strategy for developmental toxicity hazard assessment.

1664

USE OF ZEBRAFISH FOR IDENTIFICATION OF
TARGETS OF TERATOGENICITY.

H. Handa, H. Ando and T. Ito. Tokyo Institute of Technology, Yokohama, Japan.
Sponsor: E. Carney.
The Zebrafish Embryo Teratogenesis assay has been widely developed and evaluated for its ability to predict the teratogenic potential of chemical agents. The assay
is rapid, cost-effective and effects are easy to observe due the transparent nature of
the embryo body. One of the major concerns with regards to this assay is that it is
difficult to know the exact mechanism of teratogenesis caused by the agent. To create a novel system for understanding the mechanism of teratogenesis, we originally
developed the high performance affinity beads to isolate and identify a target of the
chemical agent. Using the bead technology, we have isolated thalidomide-binding
proteins and biochemically identified cereblon (CRBN) as a target of thalidomide.
However, at this point, we did not know that CRBN is a target of thalidomide teratogenicity. Since then, we have engaged CRBN as a real target of thalidomide teratogenicity using zebrafish embryos. Evolutionally conserved mechanism of upper
limb and pectoral fin development allowed us to see the shortening of each organ.
By using genetic manipulation and chemical genetic approaches in zebrafish, we
were able to demonstrate that binding of thalidomide to CRBN is necessary to
cause its teratogenic effect. In addition, we have validated the findings in chick embryos using the WEC system, a common animal model for thalidomide teratogenicity. In conclusion, the zebrafish system was found to be a suitable platform for
identification and confirmation of novel targets of teratogenicity.
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VIRTUAL EMBRYO: SYSTEMS MODELING OF
DEVELOPMENTAL TOXCITY.

T. B. Knudsen. ORD/NCCT, US EPA, Research Triangle Park, NC.
High-throughput screening (HTS) studies are providing a rich source of data that
can be applied to in vitro profiling of chemical compounds for biological activity
and potential toxicity. Chemical profiling in ToxCast covered 965 drugs-chemicals
in over 500 diverse assays testing for biochemical activities, receptor binding activities, reporter gene activation and gene expression profiles, stress-response indicators, and perturbation in cell state and cellular function. Also included were assays
to monitor effects in zebrafish embryos and pathways of differentiation in mouse
embryonic stem cells. In vitro profiles (AC50 in uM) are compared with reference
and in vivo data using machine-learning algorithms to identify patterns of biological activity and optimal feature selection for predictive modeling. Findings from
Phase-I chemical library (309 compounds) reflect that developmental toxicity does
not emerge from a simple molecular stream. Computer models are needed to capture the complexity of multicellular networks and the key events underlying dysmorphogenesis. EPA’s Virtual Embryo project is building a framework for incorporating knowledge into computational systems models that integrate cellular and
molecular dynamics with adverse outcome pathways across life stage and species.
Cell-agent-based computer models that run a morphogenetic series of events with
cell signaling networks and gradients can be used to analyze complex relationships
and enhance predictive models relevant to key developmental key pathways and
processes. Progress has been demonstrated for systems such as limb-bud morphogenesis and angiogenesis. This abstract does not necessarily reflect US EPA policy.

1666

ES CELL-BASED NOVEL ALTERNATIVE TESTING
STRATEGIES—THE ESNATS PROJECT.

J. Hescheler. Institute of Neurophysiology, University of Cologne, Cologne, Germany.
Sponsor: E. Carney.
There is a high need to develop a novel toxicity test platform based on embryonic
stem cells (ESCs), in particular human ESC (hESCs), to streamline the drug development R&D process and evaluation of drug toxicity in clinical studies, reduce related costs and thus to not only increase the safety of patients but also to reduce the
number of animals due to earlier detection of adverse effects. The FP7 framework
consortium ESNATS addresses current shortcomings in toxicity testing: It aims to
develop a novel testing system taking advantage of the unique potential of hESCs,
including their capacity to self-renew, constituting a potentially unlimited source of
cells and their pluripotency, providing a source for cells of different phenotypes required for toxicity testing. Furthermore, hESC-derived somatic cells are physiologically relevant for toxicity endpoints, offering a perspective of tests with improved
predictivity. To reach the project goals, a battery of toxicity tests has been developed
using hESC lines subjected to standardised culture and differentiation protocols.
Genomics approaches are used to determine predictive toxicogenomics signatures.
The individual tests will be integrated into an “all-in-one” testing strategy. To ensure practical usage in the pharmaceutical industry, concepts for automated ESC
culture will be developed and the test systems will be scaled up. The ESNATS project provides valuable information for risk identification in regulatory toxicology.
Alternative testing strategies are highly needed in this field of work to limit the
number of animal tests required to comply with the REACH framework.

1667

BEYOND TRADITIONAL MONOCLONALS: NEW
BIOLOGICS FORMATS AND NONCLINICAL
CHALLENGES.

V. Vexler1 and K. J. Olivier2. 1Hoffmann-La Roche, Nutley, NJ and 2Merrimack
Pharmaceuticals, Cambridge, MA.
Antibody-based biotherapeutics currently enjoy unprecedented success, growth,
and recognition of their potential. Almost all FDA-approved therapeutic antibodies
and the vast majority of those in clinical trials are full-size bivalent monoclonal antibodies (mAbs) mostly in IgG1 format of about 150 kDa size. This success and enthusiasm in the drug development community can be largely explained by the
properties of antibodies: their exquisite binding specificity and low intrinsic toxicity. A fundamental problem for such large molecules is their poor penetration into
tissues and poor or absent binding to regions on the surface of some molecules that
are only accessible by molecules of smaller size. In addition, for certain applications
it is desirable to increase the potency of mAbs or deliver them locally. Advances in
protein engineering have led to the generation of a number of antibody derivatives
and various scaffold proteins, which due to their smaller size can be beneficial in
various aspects such as immunogenicity, biodistribution, renal clearance, and tissue
penetration. Several approaches are being evaluated to improve the potency by the
linkage of mAbs to highly cytotoxic drugs (antibody drug conjugates, ADC), by

targeted delivery of cytotoxic drugs (ADC, immunoliposomes), by engineering antibodies with dual specificity, or by enhancing antibody effector function by engaging T cells and effector cells using bispecific T cell engagers (BiTE®) or glycoengineered antibodies. Due to their smaller size (e.g., nanobodies), format (e.g., ADC,
immunoliposome), or pharmacology (e.g., bispecific), the development of these
novel biotherapeutics presents an unusual toxicological challenges such as off-target
toxicity (e.g., ADC, immunoliposome), immunotoxicity (e.g., BiTE®), and preclinical immunogenicity. This workshop will discuss general considerations for how
to conduct nonclinical pharmacology and toxicology studies for these novel unconventional biotherapeutics with special focus on immunosafety assessment and the
impact of nonclinical findings on clinical development.

1668

A NOVEL ANTITHROMBOTIC NANOBODY®
TARGETING VON WILLEBRAND FACTOR:
PRECLINICAL EXPERIENCE AND TRANSLATION TO
CLINICAL PHARMACOLOGY.

J. Baumeister. Ablynx NV, Ghent, Belgium. Sponsor: V. Vexler.
Nanobodies are therapeutic proteins based on the smallest functional fragments of
heavy chain-only antibodies, which occur naturally in the Camelidae family.
Ablynx’s first clinical candidate is a bivalent Nanobody targeting the platelet adhesive von Willebrand Factor (vWF). vWF is critically involved in a variety of thrombotic pathologies, such as platelet adhesion to areas of vascular damage in ACS/PCI
and platelet string formation in TTP. The anti-vWF Nanobody entered two distinct clinical development pathways: as adjunctive treatment in the acute intervention in ACS/PCI administered intravenously (ALX-0081 program) and administered subcutaneously for the prolonged treatment of patients with TTP (ALX-0681
program). Both clinical developments have progressed into Phase II. The anti-vWF
Nanobody shows a unique pharmacology in that (i) the availability of the target
largely determines the systemic exposure, thus limiting over-dosing potential and
(ii) the target concentration itself is modulated by the binding to the drug molecule. Preclinical safety and biomarker results have been predictive and scalable to
the clinical situation. Immunogenicity was noted preclinically but did not affect development and was not detected in clinical trials so far.

1669

SAFETY EVALUATION OF ANTIBODY-DRUG
CONJUGATES.

S. Willy. Roche Genentech, South San Francisco, CA. Sponsor: V. Vexler.
Antibody-drug conjugates (ADCs) constitute an expanding class of therapeutic
molecules in preclinical and clinical development for oncology indications. ADCs
are comprised of monoclonal antibodies conjugated to highly potent cytotoxic
molecules through specialized linkers. These biologic-based drugs are designed to
increase delivery of cytotoxic payloads to tumor targets in order to improve efficacy
and minimize toxicity. This presentation will focus on the safety evaluation strategies and challenges of these complex molecules, as well as insights into the toxicities
observed in nonclinical animal models and their clinical implications.

1670

ALTERNATIVE APPROACH FOR NONCLINICAL
SAFETY ASSESSMENT OF MEDI-565 (MT111)—A
NOVEL BISPECIFIC SINGLE-CHAIN BITE®
ANTIBODY.

P. C. Ryan1, S. A. Hammond1, S. Ren1, P. Lutterbuese2, M. Amann2, M. D.
Oberst1, K. Mulgrew1, R. Criste1, S. Fuhrmann1, N. Lee1, R. Gross1, M.
Liang1, A. Schneider1, R. Dixit1, P. A. Baeuerle2, B. Rattel2, S. Coats1, L.
Roskos1, B. Jallal1 and L. Richmann1. 1MedImmune LLC, Gaithesburg, MD and
2Micromet AG, Munich, Germany.
MEDI-565 (MT111) is a novel bispecific single-chain antibody of the BiTE® (bispecific T-cell engager) class that transiently links carcinoembryonic antigen (CEA;
also called CEACAM5, CD66e) on cancer cells with CD3 on T-cells. Binding of
MEDI-565 to CEA and CD3 results in T-cell-mediated killing of cancer cells expressing CEA. MEDI-565 specifically binds to human and cynomolgus monkey
CEA with high affinity but not to any other member of the CEACAM family; rodents do not express CEA. MEDI-565 binds to human CD3, but does not bind to
CD3 of cynomolgus monkey or mouse. Consequently, no pharmacologically relevant animal species exists for testing the toxicity of MEDI-565. In an effort to introduce a pharmacologically relevant model, two surrogate antibodies were made,
cyS111 and hyS111, with specificity to monkey or mouse CD3, respectively.
However, the characteristics of these two antibodies were different from those of

MEDI-565 to an extent that it was determined that hyS111 and cyS111 would not
have utility in nonclinical toxicity studies. Therefore, it was not possible to conduct
in vivo toxicology studies in a relevant animal model with either MEDI-565 or with
the two surrogate antibodies. Rather, MedImmune implemented a strategy that utilized an in vitro approach to assess nonclinical safety instead of performing in vivo
toxicity studies. Results from these studies were successfully used to select an appropriate starting dose for Phase 1 clinical studies of MEDI-565 for the treatment
of patients with cancers expressing CEA.

1671

NONCLINICAL SAFETY APPROACHES IN
DEVELOPING TARGETED IMMUNOLIPOSOMES.

K. J. Olivier. Merrimack Pharmaceuticals, Cambridge, MA.
Encapsulating small molecules has been shown to increase efficacy and decrease serious adverse events in patients. Doxil®, an approved liposomal encapsulated formulation of doxorubicin (pegylated liposomal doxorubicin; PLD), reduces the risk
of heart damage while remaining effective against various cancers.
Immunoliposomes take this innovation one step further by directing liposomes to
bind to targets overexpressed by tumor cells and deliver an active pharmaceutical
ingredient. MM-302 is a liposomal encapsulated formulation of doxorubicin with
attached anti-HER2 antibodies. MM-302 is designed to bind to cancer cells that
overexpress HER2, thereby releasing doxorubicin at the site of the tumor. In vitro
studies have confirmed a threshold level of HER2 receptor expression to enable
MM-302 docking and internalization requiring ≥200,000 HER2 receptors per cell.
Interaction of MM-302 with normal cells, which express ≤200,000 HER2 receptors per cell, is limited, further reducing interaction with non-target cells. To support Phase I clinical trials, two single dose studies, one rodent and one non-rodent,
were conducted. The dose levels for these studies represent multiples (up to 3 times
higher) of anticipated dose levels in the clinic (~30 mg/m2). Toxicity was assessed
by evaluating mortality, morbidity, clinical observations, body weights, food consumption, physical and ophthalmic examination observations, ECGs, clinical
pathology (hematology and serum chemistry), urinalysis, local injection site tolerance, organ weights, and macroscopic and microscopic anatomic pathology. Based
on lower body weights (18.7%) and lower testes weights with corresponding microscopically observed germ cell depletion, the no observed adverse effect level
(NOAEL) was 1 mg/kg for male and 8 mg/kg for female rodents. Based on dermal
and gastrointestinal findings, the no observed adverse effect level (NOAEL) was 4
mg/kg in non-rodents. Using immunoliposomes to alter the ADME kinetics of
highly effective small molecule APIs can better meet the needs of our patients. The
strategy and challenges in the discovery and development of MM-302 will be described.

1672

BIOMARKERS AND ASSOCIATED HEALTH
CONSEQUENCES OF PESTICIDE EXPOSURES IN
HISPANIC POPULATIONS.

A. Cuevas. Environmental Medicine, New York University School of Medicine,
Tuxedo, NY.
Hispanics comprise not only the largest minority group in the United States, but
also the largest number of new farmer and migrant workers in the nation. US
Pesticide usage exceeds 1.2 billion pounds per year and exposures among Hispanic
farm workers and their families have become a serious public health threat. An estimated 3 million Hispanic farmworkers are at high risk of exposure (34% being
women) to the most prominent classes of pesticides; organochlorines (OC),
organophosphates (OP), carbamates, and pyrethroids. Exposure to these ubiquitous compounds is primarily through inhalation of the particulate components,
skin absorption, and ingestion of pesticides in the food supply. Recent epidemiological studies indicate a link between exposures to complex pesticide mixtures and
various chronic adverse health effects that impact the central nervous, reproductive,
immune, cardiovascular, renal, and hepatic systems.
However, the exact mechanism(s) by which pesticide exposure is linked to such diseases and the role that genetic susceptibility plays in these outcomes remain unclear.
Previous studies have suggested that OC exposure increases breast cancer risk in migrant workers by up-regulation of the BRCA genes and carcinogen-metabolizing
genes. Thus, it is possible that the genetic make-up of a woman may predispose her
to adverse effects from chemical exposures and increase her risk for developing
breast cancer. Lymphocyte dysfunction may be an integral part of pesticide-induced
immunosuppression, which is linked to a number of common respiratory diseases.
Both in utero and early childhood exposures have been documented to lead to genetic instability, poorer intellect development, and neurobehavioral performance.
Recent results suggest that prenatal OP exposure is associated with poor intellectual
development in seven-year old children. Furthermore, target genes such as paraoxonase and glutathione S-transferase gene polymorphisms may be an important susceptibility factor for these deleterious effects.
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ENVIRONMENTAL EXPOSURES AND DISEASE
PREVALENCE IN HISPANICS ALONG THE TEXASMEXICO BORDER.

K. S. Ramos1 and I. N. Ramos2. 1Biochemistry and Molecular Biology, University of
Louisville, Louisville, KY and 2School of Public Health and Information Sciences,
University of Louisville, Louisville, KY.
The United States-Mexico border region comprises an area that stretches 2,000
miles from San Isidro California to Brownsville, Texas. Texas has the largest number of colonias relative to other states along the shared U.S. border with Mexico,
with approximately 1,800 colonias, and more than 500,000 residents along the
U.S. side of the Texas-Mexico border. The presence of health problems along the
border is complicated by social, economic, and cultural factors. Data from a crosssectional study examining the impact of pesticide exposures on disease prevalence
among Hispanic residents of Cameron Park, a community along the Texas-Mexico
border, revealed that asthma and allergies are among the most prevalent respiratory
diseases reported in both adults and children. Other diseases affecting the community in higher numbers include breast cancer, diabetes, heart disease and high blood
pressure. Among children, the most prevalent health conditions are asthma, followed by lung diseases, allergies, and to a lesser degree, skin rashes. These findings
are consistent with known genetic susceptibilities to disease among Hispanics and
emphasize the importance of gene-environment interactions in the incidence and
severity of disease among Hispanics. The data have been used in the development
of education and public health intervention programs to address the medical and
social needs of Hispanics in this community.

1674

GENOMIC INSTABILITY IN MEXICAN-AMERICAN
CHILDREN EXPOSED TO ENVIRONMENTAL TOXINS.

M. A. Hernández-Valero. Department of Health Disparities, University of Texas MD
Anderson Cancer Center, Houston, TX. Sponsor: A. Cuevas.
Associations between chronic exposure to environmental toxins such as,
organochlorines (OC), organophosphates (OP) and polychlorinated biphenyls
(PCBs) and genomic instability were studied in a population of thirty MexicanAmerican children (5-18 yrs old) living in rural Lower Río Grande Valley (LRGV),
Texas near various Superfund sites and thirty age-matched control children.
Preliminary data from serum and urine samples indicate Mexican-American children living in close proximity to the Superfund sites and agricultural fields have
higher frequencies of chromosomal aberrations than Mexican-American children of
the matched age and gender living further from these sites. The exposure to OCPs,
OPs, and PCBs was determined by quantitative telomeric DNA analysis via fluorescence in situ hybridization (FISH) to determine if exposure to the aforementioned toxins is potentially associated with shortening of telomeres. Short dysfunctional telomeres have been known to induce genetic instability, which may lead to
the development of cancer. Chromosomal damage revealed mutagenic impact, suggesting a genotoxic effect from a complex occupational pesticide exposure. In general, these findings indicate the importance of personal protection, during high-exposure re-entry activities, in preventing pesticide uptake and genetic damage.

1675

PRENATAL EXPOSURE TO ORGANOPHOSPHATE
PESTICIDES AND IQ IN 7-YEAR-OLD LATINO
CHILDREN.

B. Eskenazi1, M. F. Bouchard1, 2, J. Chevrier1, K. G. Harley1, K. Kogut1, N.
Vedar1, N. Calderon3, C. Trujillo1, C. Johnson1, A. Bradman1 and D. Boyd
Barr4. 1School of Public Health Division of Epidemiology, University of California
Berkeley, Berkeley, CA, 2Environmental and Occupational Health Sciences, SainteJustine Hospital Research Center & Université de Montréal, Montreal, QC, Canada,
3Center for the Health Assessment of Mothers and Children of Salinas (CHAMACOS),
Clinica de Salud del Valle de Salinas, Salinas, CA and 4Rollins School of Public
Health, Emory Univerisity, Atlanta, GA. Sponsor: A. Cuevas.
This study examined associations between prenatal and postnatal exposure to OPs
and cognitive abilities in school-age children. By utilizing a birth-cohort study
(CHAMACOS) among predominantly Latino farmworker families from an agricultural community in California, exposure to OPs was assessed by measuring dialkyl phosphate (DAP) metabolites in urine collected during pregnancy and from
children at age 6 months and 1, 2, 3½ and 5 years. Administration of the Wechsler
Intelligence Scale for Children-IV to 329 seven-year old children indicated that averaged maternal DAP concentrations were associated with poorer scores for
Working Memory, Processing Speed, Verbal Comprehension, Perceptual
Reasoning, and Full Scale IQ. Children in the highest quintile of maternal DAP
concentrations had an average deficit of 7.0 IQ-points compared with those in the
lowest quintile. Prenatal urinary DAP concentrations were associated with poorer
intellectual development in 7-year-old children.
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INHALATION EXPOSURE OF PESTICIDES AMONG
HISPANIC MOTHERS AT THE US-MEXICO BORDER.

C. Miller. Family & Community Medicine, University of Texas Health Science
Center, San Antonio, TX. Sponsor: A. Cuevas.
Air sampling and analysis for 45 pesticides in the homes of 25 pregnant Hispanic
women at the US-Mexico Border revealed low level exposures to multiple classes of
pesticides. Further, using a validated instrument—the Quick Environmental
Exposure and Sensitivity Inventory (QEESI), it was demonstrated that mothers of
children with autism and ADHD report more intolerances for everyday, low level
chemical exposures, compared to control mothers. Such intolerances have been
linked to differences in genetic polymorphisms and detoxification capacity. Such
polymorphisms implicated are paraoxonase 1 and glutathione S-transferaseμ1 gene
interaction, which have also been linked to pre-term delivery.

1677

PESTICIDE EXPOSURE AND HEALTH EFFECTS OF
CHILDREN LIVING IN AN AGRICULTURAL
COMMUNITY.

D. Rohlman. Center for Research on Occupational and Environmental Toxicology,
Oregon Health & Science University, Portland, OR.
There is increasing concern regarding the widespread use of pesticides in agricultural communities and potential impact on public health. Children of agricultural
workers have a higher risk of exposure to pesticides than the general population because of take-home exposures and, often, proximity of their homes to fields where
pesticides are applied. This study examines health effects of children living in an
agricultural community. Potential exposure to pesticides was characterized by parent’s occupation, pesticide concentrations in home dust samples and a qualitative
measure of lifetime exposure. Neurobehavioral performance was examined to characterize developmental progress and the impact of agricultural exposures on health.

1678

HOW USEFUL ARE LIVER IN VITRO MODELS FOR
TOXICITY AND MODE-OF-ACTION PREDICTION?

C. Corton1 and W. Dekant2. 1US EPA, Research Triangle Park, NC and 2University
of Würzburg, Würzburg, Germany.
The liver is a common target for chemicals and drugs and is frequently the most
sensitive tissue target in two-year bioassays. Given the number of chemicals that
need to be assessed for hepatotoxicity by the pharmaceutical and chemical industries, investigators currently use many types of in vitro rodent and human models,
from simple primary hepatocytes and hepatocyte-derived cell lines to more complex three dimensional cocultures containing many liver cell types. These in vitro
models have been used to predict different types of liver toxicities including cancer
in rodents and cytotoxicity in humans. Additionally, transcript profile information
is routinely used to identify altered pathways and to predict mode of action. As advances are rapidly being made in this area, we must assess the current strengths and
limitations of these in vitro models and methods to predict chemical toxicity in the
intact liver. To begin, we will explore the European perspectives partly, driven by
REACH, which will include a discussion of the value of stem cell-derived human
hepatocyte models. We will then turn our attention to the US EPA and industry
perspectives, focusing on pathway prediction and next generation coculture models. The final overview will provide a platform to discuss the bioinformatic tools to
mine databases used to predict drug hepatotoxicity from the perspective of the US
FDA. At the conclusion of this session, our panel of experts will engage participants
in an interactive discussion about the topic. The diversity of speakers will allow perspectives from a number of groups whose work is driven by various regulatory pressures. This session is sure to be of interest to those interested in high-throughput
screening, hepatotoxicity, toxicogenomics, and mode of action research.

1679

FROM PRIMARY CELLS TO HUMAN STEM CELLDERIVED MODELS: TOWARDS MORE PREDICTIVE IN
VITRO MODELS OF LIVER TOXICITY.

S. Mueller. Merck, Darmstadt, Germany.
Today’s solution of non-clinical in vitro and in vivo safety testing is hampered by
use of insufficient surrogate models resulting in limited prediction and high attrition rate in drug development mainly due to poor prediction of safety and lack of
efficacy in humans. In recent years we have seen increased availability of human
model systems based on stem cell derived models and/or 3D-co-cultures. The rapid
improvement of generating and analyzing multiplexed data sets covering a broad

range of safety markers has also made significant advances. In our current projects
we combine multiple endpoints derived from chemically exposed stem-cell and
other human derived model systems, generating a large reference compound database that can be used to improve human safety prediction. The initial focus of our
work has been on genotoxicity, mitochondrial toxicity and steatosis/phospholipidosis using high content imaging as well as multiplexed protein quantification. We
have established a panel of predictive markers for genotoxicity using Illumina whole
genome arrays and are applying those to generate a subset of sensitive and specific
protein markers predictive for human effects. Looking at specific toxicity markers
for perturbation of signaling pathways in relevant human cells proved to be instructive for de-selecting compounds in drug discovery as well as guiding compound design.

1680

INTERINDIVIDUAL VARIABILITY IN GENOMIC
RESPONSES IN HUMAN PRIMARY HEPATOCYTES
AND COMPARISON WITH HUMAN CELL LINES.

J. van Delft, M. Jetten and J. Kleinjans. Maastricht University, Maastricht,
Netherlands.
Within the human population, susceptibility towards hazardous effects caused by
chemicals is highly variable. In risk assessment procedures, uncertainty factors are
taken into account for adjusting for these potential inter-individual differences.
Genetic and life-style factors are considered to heavily contribute to this variability.
It is unknown if inter-individual epigenetic differences, e.g., in DNA methylation
patterns, affect susceptibility. Therefore, within the European Union project
carcinoGENOMICS we examined the dose-dependent genomic responses in primary human hepatocytes (PHH) from 13 human donors exposed to toxic compounds (i.e. Aflatoxin B1 (AfB1) and Benzo[a]pyrene (BaP)), in relation to phenotypic markers of toxicity and baseline DNA-methylation profiles. A benchmark
dose approach was applied to study responses at gene and canonical pathway level,
which was correlated to DNA-methylation patterns. Thus, this study provides information about the variation in genomic responses within the human population.
A comparison of the responses in PHH to those in human hepatocyte derived cell
lines, may provide information on the representativeness of these cell lines. Historic
data from the Netherlands Toxicogenomics Centre on HepG2 and HepaRG cell
lines, show that baseline gene expression levels are very different from PHH, both
for whole genome profiles, as well as for specific functional gene sets like phase
1/2/3 genes. Genomic responses to AfB1 exposure differ profoundly between all
three human liver models, for genome-wide effects as well as in specific sub-sets of
genes including those involved in DNA damage response, apoptosis and biotransformation. In contrast, the cell line responses to BaP were very similar to those of
PHH. In summary, our studies show that the toxicogenomic and phenotypic responses to AfB1 and BaP in PHH in vitro show major inter-individual variations.
Also, depending on the compound, gene-responses in PHH are different from
those in HepaRG or HepG2 human liver cell lines.

1681

GENETIC IDENTIFICATION OF PATHWAY
SIGNATURES AND ASSESSMENT OF EFFECTS IN
MOUSE AND HUMAN IN VITRO LIVER MODELS.

C. Corton. EPA, Research Triangle Park, NC.
Assessing pathway activation after chemical exposure using toxicogenomics techniques is widely used in toxicity studies. Pathway perturbation is sometimes predicted using software programs that suffer weaknesses in their predictive capabilities in part because their underlying data does not usually distinguish genetic
interactions between chemically-activated transcription factors and target genes.
We used a genetical approach to identify signature sets of genes that can be used as
predictive markers for mode of action (MOA) classification of chemicals in vitro.
Full-genome toxicogenomic comparisons have been made of chemical responses in
the livers from wild-type mice and mice nullizygous for transcription factors that
have a direct or indirect role in chemically-induced liver cancer (i.e., AhR, CAR,
FXR, Nrf2, PPARalpha and PXR). Nonoverlapping gene signatures derived from
activation of these transcription factors were validated in in vivo studies by examination of their expression behavior in wild-type and nullizygous mice after chemical exposure. Full-genome profiling of mouse primary hepatocytes or a mouse liver
cell line (AML-12) exposed to a subset of ToxCast chemicals was carried out to determine the usefulness of the gene signatures in predicting pathway activation.
Preliminary studies indicate that the transcription factor-dependent genes significantly overlap between the intact liver and primary mouse hepatocytes. Similar approaches in a human hepatocyte cell line (HepaRG) will be presented. Using a genetical approach to identify signature gene sets appears to be a promising way to
assess pathway activation and MOA after chemical exposure.

1682

PREDICTION OF COMPLEX TOXICITIES USING 3D
LIVER COCULTURE AND TOXICOGENOMICS.

D. R. Applegate1, C. I. Pearson1, L. New1, A. H. Roter2, R. Brennan3, R. J.
Llamas Vidales1 and B. A. Naughton1. 1RegeneMed, San Diego, CA, 2Affymetrix,
Palo Alto, CA and 3GeneGo, St. Joseph, MI. Sponsor: C. Corton.
The two-year rodent bioassay is the traditional method for evaluating carcinogenic
activity and chronic toxicity of chemicals. However, many chemicals of concern
have not been tested due to the high costs and low throughput associated with this
assay. To increase throughput primary hepatocyte cultures are often used but they
have serious limitations. Comparison of transcriptional profiles of primary hepatocytes to toxicity signatures and pathways obtained from profiling rodents dosed
with over 660 compounds (DrugMatrix, Entelos, Inc, Foster City, CA) demonstrated their limited predictive power. The monolayer rodent hepatocytes were able
to match in vivo directional changes of basic toxicity responses but lacked the tissue
architecture required to model in vivo responses. False scores for the in vivo
DrugMatrix signatures as well as in toxicity pathway analysis (GeneGo, Inc., St.
Joseph, MI) resulted. A more physiologically relevant in vitro hepatic model is obtained by coculturing hepatocytes and microenvironmental liver cells on 3D scaffolds (3DLC) to form liver tissue that maintains hepatic function for months, providing an in vitro alternative to predict the chronic toxicity potential of
compounds. Transcriptional profiles of rat 3DLC and 2D hepatocytes treated with
26 of the 660 DrugMatrix chemicals giving rise to complex toxicity pathways
demonstrated the 3DLC provide in vivo predictive responses as opposed to 2D hepatocytes which provide partial or no prediction. The compound set included inflammatory and DNA damaging agents, cholesterol biosynthesis inhibitors, estrogen receptor agonists and CAR/PXR, AhR, and PPAR-alpha agonists. As examples,
3DLC treatments match DrugMatrix gene signatures indicative of hepatic inflammatory infiltrate, whereas primary hepatocyte treatments do not. P450 gene expression is repressed both in vivo and in 3DLC by LPS, TNFalpha, and IL-6, but
not in primary hepatocytes. Overall, 3DLC are more similar to in vivo with regard
to toxicity response than are primary hepatocytes.

1683

TRANSLATIONAL BIOMARKERS FOR DRUGINDUCED LIVER INJURY.

W. Tong. US FDA, Jefferson, AR.
Although conventional preclinical animal testing identifies many types of toxicity
preventing human exposure to dangerous compounds, none are completely effective at assessing all examples of drug-induced liver injury (DILI), evidenced by the
high percentage of drugs that fail in clinical trials or are withdrawn from the market
due to liver toxicity. A large effort has been made in the FDA’s Liver Toxicity
Knowledge Base (LTKB) that explores various translational biomarkers for DILI
with in silico methods, toxicogenomics and in vitro approaches. The goal of the
project is to integrate diverse data derived from different experimental platforms for
identification of DILI biomarkers for FDA-approved drugs. The long term goal is
to provide a wealth of mechanistic information and biomarker models for study of
liver toxicity with a potential to be a resource for FDA to utilize and reference when
liver toxicity issues arise during various stages of the regulatory review process.
Several topics will be discussed in this presentation: (1) Can genomic biomarkers
from rat liver discriminate drug candidates that have the potential to cause DILI in
susceptible patients from drugs that do not despite the lack of conventional indicators of liver toxicity in preclinical studies; (2) Can the FDA drug labeling system be
used to assess DILI potential of a drug?; (3) Can clinical findings from the postmarketing stage be used to remove the drug candidates with high DILI risk in the
preclinical setting; (4) Can the application boundary be defined for in vitro assays
to discriminate drugs that cause severe DILI in humans from those that don’t.

1684

NONCLINICAL AND CLINICAL APPLICATIONS OF
TRANSLATIONAL ORGAN-BASED IMAGING.

S. D. Pettit. HESI, Washington, DC.
Multimodal imaging is a widely applied and accepted standard of care in many
medical settings. Innovations in imaging capabilities have developed rapidly, allowing noninvasive collection of an ever increasing quantity and quality of morphologic, functional, and even molecular data from humans and animals. Accordingly,
imaging is becoming an important component of the clinical biomarker toolbox.
However, advances in imaging strategies that have allowed for use in animals, including rodents, have not driven a large-scale integration of these capabilities into
modern toxicology assessment or environmental hazard identification. Although a
number of imaging and biomarker “opportunities” are outlined in the FDA’s
“Critical Path Opportunities List,” an organized effort to explore integration of imaging into nonclinical safety assessment and hazard evaluation paradigms is just beginning. We will provide an overview of an organ-based approach to novel imaging
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methodologies in nonclinical safety assessment and translational toxicology. The
presentations will describe how preclinical imaging can be an innovative tool for
toxicity assessment, and how translational imaging can be used to bridge the gap
between nonclinical safety assessment and clinical testing.

1685

CARDIOVASCULAR IMAGING IN NONCLINICAL
SAFETY STUDIES: INCREASING ACCEPTANCE AND
APPLICATION.

R. Coatney. GlaxoSmithKline, King of Prussia, PA. Sponsor: N. Barlow.
Cardiac safety issues are a leading cause of both drug candidate attrition and approved drug withdrawal from market. Echocardiography (Echo) and cardiac magnetic resonance imaging (CMR) are frequently used to determine the effects of
drug candidates on cardiac structure and function in efficacy and basic science
studies, and further have the benefit of translation to human studies. However,
these imaging platforms are used infrequently to determine cardiac structure and
function in drug candidate safety studies. The HESI Imaging committee determined in order for these imaging platforms to gain broader acceptance and use in
safety studies their ability to accurately and repeatedly quantify drug-induced
changes in cardiac structure and function needs to be demonstrated. This presentation will discuss the issues of variability in imaging studies and the value that Echo
and CMR can provide. It will describe the HESI Imaging committee initiative to
determine the ability of CMR and Echo to accurately and repeatedly determine
drug induced changes in cardiac structure and function at multi-sites.

1686

MULTIMODAL IMAGING IN DEVELOPMENTAL AND
REPRODUCTIVE TOXICOLOGY.

X. Ying, B. Beyer, A. DeLise, J. Cao, N. Barlow and M. Feuston. sanofi-aventis
US, Bridgewater, NJ.
High-resolution preclinical versions of clinical imaging modalities, such as microcomputed tomography (micro-CT), high-field magnetic resonance imaging (MRI)
and ultrasound bio-microscopy (USM), provide unique imaging approaches in developmental and reproductive toxicology (DART). In preclinical imaging studies,
examples include: micro-CT volumetric visualization and measurement for evaluation of malformations of fetal skeletons, quantitative high-resolution micro-CT
measurements for bone microarchitecture biomarkers, and three-dimensional digital tomography image-based virtual Wilson slicing analysis. High-resolution MRI
may enable whole-body “virtual morphologic analysis” of embryos, fetuses, and the
reproductive organs of the mouse, rat or rabbit. With real-time noninvasive in vivo
imaging capability, USM could provide imaging approaches for early “live morphological analysis” of embryos and reproductive organs of the mouse, rat or rabbit,
and measurement of some embryonic cardiovascular functions by utilizing multiple
ultrasonic Doppler methods to evaluate normal and abnormal cardiovascular development. Other imaging modalities, such as whole-body optical imaging, can also
provide innovative solutions for investigating developmental and reproductive toxicity. For example, development of a highly sensitive optical imaging method to investigate potential mouse embryo and fetus exposure to a compound via the intravaginal route. Although there are still practical issues and technical limitations, with
advancement of multimodal imaging technologies and the modernization of
DART workflow, these imaging applications demonstrate that a high-resolution
preclinical imaging approach may eventually provide innovative solutions and
novel imaging data for developmental and reproductive toxicology.

1687

PRECLINICAL ASSESSMENT OF NEUROTOXICITY
WITH IMAGING.

W. Slikker, X. Zhang, F. Liu, G. Newport, S. Liu, M. Paule and C. Wang.
NCTR/US FDA, Jefferson, AR.
Although the use of imaging in the clinical setting is well established, the use of imaging for pre-clinical assessments is infrequent. Even though the advantages such as
using the animal as it own control, longitudinal study design and minimal invasiveness are now well recognized, standardization of approach, resolution and quantitation have, until recently, slowed acceptance of imaging as a routine assessment tool.
MicroPET now offers functional resolution of 1.5 mm and application of imaging
to assessment of any target organ can deliver quantitative information in a minimally invasive manner and in parallel with other endpoint requirements. Recent reports indicate that combined administration of isoflurane (ISO) and N2O triggers
neuronal apoptosis in postnatal day (PND) 7 rats. Previously published in vitro, ex
vivo and confocal fluorescent imaging studies suggest that the dansyl compounds
can accumulate within the cytoplasm of the apoptotic cell. In this study, the effect
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of ISO and N2O on the uptake and retention of [18F]-DFNSH in the brains of
different aged rats were investigated using microPET imaging. On PND 7, rat pups
in the experimental group were exposed to a mixture of 70% N2O/30% oxygen
and 1% ISO for 8 hours and control rat pups were exposed to room air only. On
PNDs 14, 21 and 28, [18F]-DFNSH (18.5 MBq) was injected i.p. and thirty minutes later microPET images were obtained over 90 minutes. In PND 14 rats the uptake of [18F]-DFNSH was significantly increased in the ROI in gaseous anesthetictreated rats. No significant difference was found in radiotracer uptake in the frontal
cortex of the brains of PND 21 and 28 rats compared with same aged controls. This
result, which is consistent with our previous TUNEL studies, demonstrates that enhanced apoptotic effects are apparent within a week of anesthetic exposure (PND
7-14) and that no significant neuronal apoptosis remains obvious on or after 2
weeks of exposure. Thus microPET imaging can determine the time course of neuronal apoptosis in a minimally-invasive manner.

1688

IMAGING THE KIDNEY AND LIVER:
METHODOLOGIES AND CURRENT PRACTICES.

P. Hockings. AstraZeneca, Molndal, Sweden. Sponsor: S. Pettit.
The kidney and the liver are the two organs of greatest toxicological concern in
safety assessment. Historically, these organs have been the basis of the development
of many modern biomarkers. Because of their relative size and location, they have
been amenable to nonclinical and clinical multimodal imaging applications. The
basic tenants of translational imaging of these organs in nonclinical species and humans will be discussed.

1689

TRANSLATIONAL CLINICAL IMAGING.

E. Hoffman. University of Iowa, Iowa City, IA. Sponsor: S. Pettit.
The ultimate goal of nonclinical assessment and biomarker development is to translate early toxicology knowledge into non-invasive means to monitor potential
changes in humans during clinical trials. Novel imaging techniques used in nonclinical assessment can be used to bridge the gap to clinical testing. Likewise, imaging modalities developed for use in humans can be translated to approaches in nonclinical species, further expanding the toolbox available for early testing. The
presentation will describe translational imaging approaches that have successfully
been used to bridge the gap to clinical research.

1690

NOVEL TOPICS IN ENVIRONMENTAL POLYCYCLIC
AROMATIC HYDROCARBON METABOLISM LEADING
TO CARCINOGENESIS.

D. Carlin1 and B. Moorthy2. 1NIEHS, Research Traingle Park, NC and 2Pediatrics,
Baylor College of Medicine, Research Traingle Park, TX.
Epidemiological evidence indicates that exposure to complex environmental polycyclic aromatic hydrocarbon (PAH) mixtures increases the risk of lung cancer.
However, most animal studies have focused on single PAH components. Moreover,
little is known regarding the interactions between different PAH metabolites that
lead to carcinogenesis. Thus, our panel of experts will provide information on this
subject matter that will explore the mechanisms of toxicity mediated by PAH mixtures. Investigations on binary mixtures of PAHs, as well as PAH-natural product
mixtures, will be described with regard to their inhibition of cytochrome P450 reactions of the P4501 family. The roles of critical cell signaling and growth pathways, and metabolic enzymes involved in benzo[a]pyrene (B[a]P) activation pathways in lung tumorigenesis in mice and humans will be examined. Strategies to
determine how PAHs may affect the ontogeny of enzymes during fetal development and result in epigenetic alterations will also be discussed. Specifically, there
will be discussion of how target organ doses of PAHs and ontogeny of PAH-metabolizing enzymes in the fetus impact PAH-dependent alterations in the fetal transcriptome and epigenome. It will be important to address how risk assessment approaches can use data from in vitro, detection, exposure, and ‘omics studies to
predict the carcinogenicity and relative potency of environmental PAHs and the
global perspectives of PAH exposures in human populations. For example, while
exposures to PAHs are generally well controlled in the developed world, this is not
the case in some areas of Eastern Europe and China, where exposure levels can be
extremely high, with predictable consequences for human health. Collectively, it is
expected that the presentation of these topics will engage attendees in understanding the need for new research on PAHs to understand the mechanisms and modes
of action of PAHs in disease etiology; to better establish the risk associated with
PAH exposure; and to develop novel strategies for the prevention and/or treatment
of cancers and other diseases caused by environmental PAHs.

1691

INTERACTIONS OF POLYCYCLIC AROMATIC
HYDROCARBONS.

F. P. Guengerich1, T. Shimada2 and H. Yamazaki3. 1Biochemistry, Vanderbilt
University School of Medicine, Nashville, TN, 2Cellular and Molecular Biology,
Osaka Prefecture University, Osaka, Japan and 3Laboratory of Drug Metabolism and
Pharmacokinetics, Showa Pharmaceutical University, Tokyo, Japan.
Polycyclic aromatic hydrocarbons (PAHs) are of interest in light of their historical
and documented roles in cancer etiology, both in experimental animal models and
in humans. However, almost all studies have focused on single PAH components,
e.g. benzo[a]pyrene. We have investigated binary mixtures of PAHs, as well as
PAH-natural product mixtures, in particular regarding their inhibition of cytochrome P450 (P450) reactions, especially in the P450 Family 1 enzymes, which
are the main catalysts of relevance in both bioactivation and detoxication reactions
(i.e.,1A1, 1A2, 1B1). Individual PAHs inhibit P450s by competitive and mechanism-based inactivation modes and in some case the inhibition constants are in the
sub-μM range, suggesting relevance at PAH concentrations that would be relevant
in vivo in practical settings. The inhibition affects the activation and detoxication
of other PAHs and is thus relevant to the complex PAH mixtures of most interest,
e.g. tobacco smoke, engine exhaust. The exact mechanisms of mechanism-based inhibition are under investigation. Other research involves the ability of natural products and synthetic chemicals to inhibit these P450s involved in the activation of
PAHs and other carcinogens. Mixtures can show synergistically higher activation
than single PAHs or lower toxicity, depending on the P450s and PAHs involved.
These findings, along with the phenomenon of induction of the P450s involved in
the oxidations, are important in understanding the toxicity of mixtures of PAHs
and ultimately risk assessment, in that studies with single PAHs may not accurately
reflect the risks of mixtures. (Supported in part by USHS R37 CA10546, P30
ES000267).

1692

COMBINED USE OF TRANSCRIPTIONAL AND
TOXICOLOGICAL DATA TO AUGMENT THE
METABOLIC AND MECHANISTIC UNDERSTANDING
OF BENZO(A)PYRENE-INDUCED MOUSE LUNG
CANCER AND ITS RELEVANCE TO HUMAN LUNG
CARCINOGENESIS.

S. Nesnow. National Health and Environmental Effects Research Laboratory, US
EPA, Research Triangle Park, NC. Sponsor: B. Moorthy.
There is sufficient epidemiological evidence supported by experimental data that
exposure to some PAH-containing complex environmental mixtures increase the
risk to human lung cancer. The International Agency for Research on Cancer
(IARC) has determined that human respiratory cancer has been strongly associated
with occupational exposures during: coal gasification, coke production, coal-tar
distillation, paving and roofing with coal-tar pitch, aluminum production, chimney sweeping and with cigarette smoking. Moreover, benzo(a)pyrene (B[a]P), a
common constituent in each of these exposures has also been classified by IARC as
carcinogenic to humans. This presentation will focus on, and summarize, the major
findings on the roles of the metabolic enzymes, metabolic activation pathways,
DNA adducts, and mutations in proto-oncogenes involved in the B[a]P-induced
lung tumorigenesis process in strain A/J mice and from studies in humans cells and
human biomarker studies. Transcriptional analysis of lung tissues from mice treated
with B[a]P will be used to integrate the toxicological findings into a consistent
mechanism that can further describe B[a]P-induced mouse lung tumor induction.
Comparisons will be made between data from mouse and human systems focusing
on transcriptional analysis of metabolism, oxidative stress, cell signaling and cell
growth pathways. This abstract does not reflect US EPA Policy.

1693

TRANSPLACENTAL CARCINOGENESIS DUE TO
MATERNAL EXPOSURE TO INDIVIDUAL PAHS AND
ENVIRONMENTAL MIXTURES.

D. E. Williams. Department of Environmental and Molecular Toxicology, Oregon
State University, Corvallis, OR.
PAHs are documented transplacental carcinogens in rodent models, and epidemiological evidence associates exposures of pregnant women to PAHs with enhanced
susceptibility to chronic disease later in life. Individual PAHs, such as
benzo[a]pyrene (BaP, IARC-1) and dibenzo[def,p]chrysene (DBC, IARC-2A) as
well as environmental PAH mixtures, can be transplacental carcinogens, and the
target organ and potency is a function of not only dose, but also timing of exposure.
We have developed a model of transplacental chemoprotection against PAHs by
supplementation of the maternal diet with indole-3-carbinol (I3C) or 3,3’-diin-

dolylmethane (DIM) from cruciferous vegetables. We present results with this
model and address mechanistic questions associated with chemoprotection, both in
the in vivo mouse model and an in vitro model employing a human T-cell lymphoblastic leukemia cell line. Our hypothesis was that both the PAH-dependent
transplacental carcinogenesis and the chemoprotection provided by I3C and DIM
were due, at least in part, to epigenetic mechanisms. We employed a Nimblegen
promoter methylation array to assess the impact of exposure of human T-ALL cells
to I3C or DIM. These indoles tended to increase the degree of hypomethylation
compared to untreated cells, consistent with a decrease in DNA Methyltransferase
1 (DNMT1). One of the genes which exhibited treatment-related decrease promoter methylation was Cyp1b1. A number of the genes identified to exhibit a treatment-dependent increase or decrease in methylation were consistent with genes
known to be important in human leukemias and lymphomas. Studies underway are
examining complex environmental PAH mixtures, including those collected from
water by passive sampling devices (a Superfund site at Portland Harbor and the
Gulf of Mexico), as well as personal monitors. We are continuing to assess epigenetic (and non-epigenetic) mechanisms of PAH-dependent transplacental carcinogenesis and its prevention by maternal dietary supplementation. (Supported by
NIH grants P01 CA90890 and P42 ES016465).

1694

CURRENT EFFORTS IN THE ESTIMATION OF HUMAN
HEALTH CANCER RISK OF POLYCYCLIC AROMATIC
HYDROCARBON (PAH) MIXTURES.

L. Flowers. National Center for Environmental Assessment, US EPA, Research
Triangle Park, NC.
PAHs primarily occur in complex mixtures generated from the combustion or pyrolysis of substances containing carbon and hydrogen and have most recently been
of interest due to concerns about exposure with respect to the Gulf oil spill and
runoff from parking lot sealants. Assessment of the cancer risk from long-term
human exposure to PAH mixtures would best be conducted with quantitative information on the dose-response relationship for cancer from exposure to the mixture of concern. There are very few toxicity data available for whole PAH mixtures
and, in most cases, chemical analyses of the composition of mixtures are limited. In
addition, PAH-containing mixtures tend to be very complex; the composition of
these mixtures appears to vary across sources releasing these mixtures to the environment and in various environmental media in which they occur. Componentbased approaches, involving an analysis of the toxicity of components of the mixture, are recommended when appropriate toxicity data on a complex mixture of
concern are unavailable. In this approach, cancer risks from environmental PAH
mixtures are estimated using relative potency factors (RPFs) for individual PAHs
and a slope factor for benzo[a]pyrene is used to estimate the contribution from
PAHs. USEPA’s Integrated Risk Information System (IRIS) Program is undertaking an effort to update the available RPF approach for PAH Mixtures. A number of
issues have been identified for discussion including: 1) choice of datasets, including
the use of in vitro data, and criteria for use in deriving RPFs; 2) assessing the composition of PAH mixtures, including the % of the total PAH mixture not accounted for by the RPF approach; 3) extrapolating across exposure routes and estimating multiple-route risks; and 4) use of existing “omics” data to identify
biological pathways and networks to predict the carcinogenicity and relative potency of untested PAHs and PAH mixtures encountered in the environment. (This
abstract does not reflect EPA policy).

1695

A GLOBAL PERSPECTIVE ON PAHS: WHAT ARE THE
ISSUES?

R. A. Roberts. AstraZeneca, Cheshire, United Kingdom.
The history of PAH toxicity and risk assessment is largely a success story in the developed world; once the problem was identified and understood then measures
were taken to reduce human exposure and risk. Photographs of Pittsburg in the
1930s illustrate the huge challenge we faced at that time, yet today as elsewhere in
the developed world strict standards exist on emissions from fossil fuel burning.
Unfortunately that was not the case in some areas of communist era East Europe
and in China where generation and exposure levels both domestically and industrially were or can be extremely high, with predictable consequences for human
health. For example, when biomarkers of exposure, effects, and susceptibility were
measured in PAH-exposed populations from Prague (Czech Republic), Sofia
(Bulgaria) and Kosice (Slovakia), personal exposures were described at levels that
are associated with genotoxic effects such as DNA adducts, chromosome aberrations and ras oncogene overexpression, although personal exposures did vary
markedly between countries and between the occupationally exposed (policeman,
bus drivers) and the control populations in each country. In addition to exposure
through traffic emissions, studies have shown a significant threat to health by exposure via commercial and domestic kitchens due to traditional Chinese cooking
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methods that generate hot oil fumes. More recently, the 2008 Beijing Olympic
Games has provided a unique opportunity to study the effect of control measures
on the reduction in air pollution and subsequent health effects. Stringent controls
on PAH source resulted in a marked reduction in the 17 carcinogenic PAHs with
an estimated >40% reduction in estimated inhaled cancer risk, if these measures
were sustained over time. These observations provide momentum for intervention
at source in the developing world to prevent further escalations of PAH exposure.
In summary, it is key to highlight the marked differences in global perspective when
examining exposure levels, body burdens and potential health consequences of
PAHs and learn from the experience of the developed world.

1696

CAREER ALTERNATIVES AND TRANSITIONS: NEW
CHALLENGES AND OPPORTUNITIES IN TODAY’S JOB
MARKET FOR TOXICOLOGISTS.

R. D. Storer1 and J. A. Popp2. 1Safety Assessment, Merck Research Laboratories, West
Point, PA and 2Stratoxon LLC, Lancaster, PA.
New toxicology graduates have traditionally pursued a diverse spectrum of career
opportunities in teaching and research, in industrial or contract toxicology laboratories, or in regulatory agencies and affiliated institutes. Downturns in the global
economy, together with a wave of consolidation and downsizing in industry, particularly in the pharmaceutical sector, has created a challenging environment for job
seekers. This has compelled new graduates, as well as toxicologists at all phases of
their careers, to confront new challenges in securing initial or continuing employment in their area of specialization, consistent with their career goals. This session
will explore alternatives available to new graduates as well as to established toxicologists facing career transitions. To begin this important dialogue targeted to new
graduates, postdocs, and nontenured faculty, we will examine the challenges facing
toxicologists pursuing career paths in research and teaching and will touch on alternative career paths for which the skills developed in completing a doctorate and
postdoctoral research in toxicology are transferable. Our panel will review the options and challenges facing the mid- to late-career industry toxicologist confronted
with the prospect or actuality of layoffs or early retirement due to corporate downsizing. The focus of the talk will be on the current landscape for toxicology consultants either as independent consultants, employees of established consulting companies, or individuals pooling resources to form new consulting groups. If you are
considering transitioning your career in a regulatory agency, a review of the opportunities and challenges for toxicologists will be provided. The final talk will provide
insight on the impact of cutbacks in the pharmaceutical industry and trends favoring outsourcing of toxicology testing on career development opportunities in contract research. At the conclusion of the talks, a significant amount of time has been
set aside by the panelists to allow time for questions from participants.

sulting practice including a decision on group versus independent activity, developing a legal entity such as an LLC, determining a focus for the consulting activity, assessing the value of liability insurance and developing a client base. Third, the successful consultant should have a realistic understanding of the diversity of
expectations in the consulting marketplace. Future clients may have expectations
that the consultant has expertise in basic medical science, in depth knowledge of
toxicology in a vast array of toxicology sub disciplines and an understanding of the
regulatory environment including in various areas of the world. Unrealistic expectations will be encountered. The fourth point for consideration is the changing
workplace environment in toxicology. Although globalization of toxicology is now
well advanced, this trend will continue unabated and probably at an enhanced rate
in the future. Therefore, a potential consultant must be thinking in terms of career
direction in the future not just based on current conditions. The changing future
environment will provide opportunities for toxicology consultants with the proper
attitudes and expertise but also constitute a major pitfall for those who are less
adaptable.

1699

CAREER TRANSITIONS FROM INDUSTRY TO
GOVERNMENT.

H. N. Ghantous. Division of Antiviral Products, CDER, US FDA, Silver Spring,
MD.
The speaker will describe her personal experiences and career transition from a
Study Director in the toxicology laboratory of a large chemical company, to pesticide registration with EPA, to a reviewer/supervisor at FDA. The presentation will
highlight the unique nature and challenges of each job with focus on the pros and
cons of transition to different careers, and the importance of remaining active in the
scientific community as your career progresses. The personal (job security, work/life
balance, and job satisfaction) and professional (high-level scientific interactions,
training and experience in regulatory science, likelihood of post-government employment) benefits of a career in the Federal Government will be presented. The
value of scientific certification beyond an academic degree will also be discussed in
the context of each career, including the benefits of a Diplomate of the American
Board of Toxicology certification, or other Toxicology certifications that can open
multiple doors for an advancing toxicology career.

1700

CHALLENGES FACING TOXICOLOGISTS IN TODAY’S
JOB MARKET: THE CRO ENVIRONMENT.

S. K. Durham. Toxicology, Charles River Laboratories, Reno, NV.

1697

CURRENT CHALLENGES IN PURSUIT OF CAREERS IN
ACADEMIA.

B. L. Kaplan. Center for Integrative Toxicology, Michigan State University, East
Lansing, MI.
Academic research and teaching in toxicology is vital to the future of toxicology and
can be very rewarding. However, this career choice is not without challenges, including the daunting tasks of securing funding and a tenured faculty position in
today’s competitive environment. This presentation will examine the current landscape for academic positions in toxicology, opportunities and challenges facing recent graduates in securing academic employment, and other unique challenges in
the academic environment that toxicologists face regardless of rank. The last part of
the presentation will examine possible alternative paths for which graduate training
in toxicology may be excellent preparation.

1698

CAREER TRANSITION TO TOXICOLOGY
CONSULTING.

The pharmaceutical and contract research organization (CRO) industry has witnessed dramatic changes in the recent past. Globalization has forced changes in the
drug development paradigm. This situation coupled with a resource and cost constraint environment has led to a substantial increase in outsourcing to CROs. This
presentation will focus on job opportunities for toxicologists in the CRO industry,
and compare the CRO environment to the pharmaceutical industry from a business, career path, and scientific perspective. It will also include assessment of challenges and competition from developing nations regarding growth opportunities
for toxicologists.
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ADVANCEMENT IN DEVELOPMENTAL
NEUROTOXICITY TESTING IN VITRO:
DIFFERENTIATING MOUSE EMBRYONIC STEM CELLS
INTO FUNCTIONAL NEURONAL NETWORKS.

A. E. Seiler1, K. Hayess1, G. Podrygajlo2, B. Slawik1, U. Egert2 and A. Luch1.
1ZEBET, Federal Institute for Risk Assessment, Berlin, Germany and
2Biomicrotechnology, Department of Microsystems Engineering – IMTEK, University
of Freiburg and Bernstein Center Freiburg, University of Freiburg, Freiburg, Germany.
Sponsor: E. Fritsche.

J. A. Popp. Stratoxon LLC, Lancaster, PA.
Consulting is an exciting and rewarding career option but should be pursued only
after careful consideration. First, the personality and personal needs of the potential
consultant must be fully and honestly assessed. Such points as ability to work independently and the desire for frequent direct interaction with others must be considered. Second, a potential consultant must consider logistics of establishing a con-
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Increasing public concern on the potential adversity of chemicals, environmental
pollutants and pharmaceuticals has spurred renewed efforts to assess deleterious effects on the developing nervous system. Developmental neurotoxicity (DNT) testing has thus become an important component in toxicological testing strategies and
triggered DNT studies are recommended under REACH. In response to the growing needs for toxicity testing the establishment of alternative methods providing a

higher throughput became a main goal in DNT test development. Synaptogenesis
and the formation of complex neuronal networks are essential processes in brain development. Cellular models that are able to recapitulate the development of active
neuronal networks in vitro would therefore be a valuable addition to DNT testing
arsenals.
Recently, we developed an in vitro assay using mouse embryonic stem cells (mESC)
to assess adverse effects of chemicals and other compounds on neural development.
Molecular and mechanistic endpoints for proliferation and differentiation were
successfully established. Here, we show that neurons originating from mESC express presynaptic as well as postsynaptic markers indicating the formation of functionally active synapses. Moreover, neural activity was demonstrated by testing for
the response of these cells to stimulation of neurotransmitter receptors, and electrophysiological measurements using microelectrode arrays (MEAs) proved that the
differentiated cells are able to generate functional neuronal networks. Thus, the
mESC model introduced here might represent a useful tool for assessing adverse
health effects of exogenous agents that affect synaptogenesis and neuronal network
formation.

environmental chemicals contribute to the increasing incidence of neurodevelopmental disorders in children. However, due to lack of DNT studies only very few
substances have been identified as developmental neurotoxicants.
This study aimed to develop an in vitro approach using metabolomics and transcriptomics for DNT assessment. A 3D rat primary neuronal organotypic model
was exposed to lead chloride from day 7 up to 21. Quantitative measurement of
genes expressed in different cell types (nestin, NF-200, S100β and MBP) and mass
spectrometry based metabolomics measurements were performed.
Treatment with lead chloride significantly altered the mRNA levels of all genes
studied. Moreover, the mass spectrometry analysis showed differences in metabolite
levels between control and treated cells in a concentration dependent manner.
Further analysis of the altered metabolites should give mechanistic insight into the
DNT of lead. This study demonstrates that gene expression and metabolomic
analysis can be sensitive endpoints for DNT assessment. This work was sponsored
by the Swedish Research Council and FDA.

1704
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EFFECTS OF DEVELOPMENTAL TOXICANTS ON
MICRORNA EXPRESSION DURING NEURAL
DIFFERENTIATION OF MURINE EMBRYONIC STEM
CELLS (MESC).

L. Smirnova, K. Block, D. Hunnecke, A. Seiler and A. Luch. ZEBET, Federal
Institute for Risk Assessment (BfR), Berlin, Germany. Sponsor: T. Hartung.
Studying chemical disturbances during neural differentiation of mES cells has been
established at ZEBET as an alternative in vitro testing approach for the identification of developmental toxicants. miRNAs represent a class of small regulatory RNA
molecules, which bind to target mRNAs thereby repressing their translation. Many
studies have shown an essential role of miRNAs in regulation of gene expression
during neural development and ESC differentiation. Thus, neural differentiation of
ESC in vitro allows investigating the role of miRNAs in chemical-mediated developmental toxicity. The main goal of this project was to analyze the expression of
neural-specific miRNAs during neural differentiation of mESC while being exposed to the developmental neurotoxicants, valproate (NaVPA) and arsenite
(NaAsO2). Analyzing miRNA expression profiles we could demonstrate that neural-specific or enriched miRNAs show substance-specific expression patterns during
neural differentiation of mESC when cells were being exposed to valproate or arsenite. Whole genome analysis as well as analysis of miRNA expression revealed
that valproate may switch the lineage specification from neural to myogenic differentiation (upregulation of muscle-enriched miRNAs mir-206, mir-133a and mir10a and downregulation of neuro-specific miRNAs mir-124a, mir-128 and mir137). The downregulation of mir-128a and mir-124a in cells treated with NaVPA
was stronger compared to the concurrent downregulation of the neuro-specific mir9 or neuron marker βIII-tubulin. Furthermore, using our in vitro cell system we
could confirm an aberrant expression of known VPA target genes and genes involved in neural tube closure. We can conclude that miRNA expression profiling is
a suitable molecular end point for developmental neurotoxicity. Further analyses of
VPA-specific effects on miRNA expression may contribute to a better understanding of VPA-mediated toxicity mechanisms.

D. M. Miller, A. M. Laura, R. A. Lewis, M. L. Pietila and J. R. Haskins. Thermo
Fisher Scientific, Pittsburgh, PA.
There is an overwhelming backlog of environmental chemicals/contaminants that
require testing for the potential to cause developmental neurotoxicity (DNT).
Current in vivo methods are costly, time-consuming and require large numbers of
animals to be sacrificed, presenting a major challenge for regulatory agencies to find
alternative in vitro methods capable of predicting DNT risk to human populations.
Broad scientific agreement exists on the value of prescreening substances for research prioritization and animal exposure levels. Neuronal development involves
tight regulation of a multitude of cellular events such as proliferation, differentiation, neurite growth and apoptosis in the complex neuronal networks of the brain.
Any perturbation of these events has the potential to cause adverse effects in humans; therefore, cellular models need to measure multiple events in order to predict
DNT with reasonable certainty. We have developed an in vitro assay for measuring
disruption of the many of the key events in DNT using a subclonal line of PC-12
cells. High content imaging and automated data analysis of neuronal cell morphology, neurite outgrowth/initiation and cell viability were utilized to measure neurotoxic effects of a test set of environmental pollutants, including endocrine disruptors, heavy metals and pesticides in addition to representative pharmaceutical
agents. The lowest observed effective dose (LOED), for both general toxicity and
neurotoxicity, was determined for each compound. Some compounds such as
retinoic acid exhibited neurotoxic potential with the general toxicity only occurring
at the highest concentrations. Other compounds such as cadmium chloride primarily exhibited general toxicity with secondary effect of neurotoxicity occurring at
higher concentrations. The results of these investigations indicate that by multiplexing measures of neurotoxicity, this system can predict DNT with reasonable
sensitivity and specificity and has the potential to reduce the number of animals
used and time needed for safety evaluations.

1705
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THE DEVELOPMENTAL NEUROTOXICITY OF LEAD
IN 3D RAT PRIMARY NEURONAL CELL CULTURES
USING TRANSCRIPTOMICS AND METABOLOMICS
APPROACHES.

H. T. Hogberg1, E. van Vliet2, S. J. Nolan1, L. Zhao1, A. Kleensang1, S.
Odwin-DaCosta1, M. Bouhifd1, H. Welles1 and T. Hartung1. 1John Hopkins
University, Bloomberg School of Public Health, Center for Alternative to Animal
Testing, Baltimore, MD and 2University of Barcelona, Fetal and Perinatal Medicine
Research Group, August Pi i Sunyer Biomedical Research Institute, Hospital Clinic,
Barcelona, Spain.
Tox-21c proposed a paradigm shift in the field of toxicology. Instead of relying on
traditional animal experiments, the report proposes the application of the latest advances in science and technology to develop more relevant test strategies. The concept is that pathways of toxicity (PoT) can be identified using in vitro cell systems
and ‘omics’ approaches. The so-called “pathways of toxicity” are defined as cellular
response pathways that, when sufficiently perturbed are expected to result in adverse health effects. An area of toxicology where Tox-21c could have a significant
impact is developmental neurotoxicity (DNT). There is concern that exposures to

AN AUTOMATED CELL-BASED HIGH-THROUGHPUT
PRESCREEN FOR IDENTIFYING POTENTIAL
DEVELOPMENTAL NEUROTOXINS.

TOXICITY SCREENING WITH NEURAL PROGENITOR
CELLS ON COMPLIANT HYDROGEL SURFACES.

S. L. Hume, S. E. Campbell, T. L. Oreskovic and K. M. Jeerage. Materials
Reliability Division, National Institute of Standards and Technology, Boulder, CO.
Sponsor: T. Shafer.
Neurite outgrowth measurements, which quantify the extension of axons and dendrites, have been proposed for in vitro neurotoxicity screening. Neurite outgrowth
is sensitive to known neurotoxins in neuronal monocultures grown on plastic surfaces. However, these cultures may not adequately represent the in vivo environment, given the lack of astrocytes and the extreme stiffness of plastic compared to
native tissue. Neural progenitor cells (NPCs) are an emerging model with which it
is possible to assess multiple aspects of neural development, including differentiation and neurite outgrowth. NPCs seeded onto plastic surfaces and exposed to 0.3
– 3.0 mmol/L lithium chloride for 10 days had reduced neurite outgrowth compared to controls. Exposures of 10 mmol/L or greater were cytotoxic. NPCs are also
reported to be sensitive to substrate modulus; neuronal differentiation is favored on
compliant gels, whereas glial differentiation is favored on stiffer gels. Here we investigate whether substrate modulus impacts the toxicity profile of NPCs exposed
to lithium chloride. PEG hydrogels were photopolymerized from solutions containing 5 wt% or 15 wt% poly(ethylene glycol) dimethacrylate, 20 μg/mL poly-Lornithine, phosphate-buffered saline, and photoinitiator. Swelling studies indicate
that 5 wt% hydrogels have a mesh size of 140 nm, corresponding to an estimated
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bulk modulus of 40 kPa, whereas 15 wt% hydrogels have a mesh size of 15 nm and
an estimated bulk modulus of 1100 kPa. In constrast, tissue culture polystyrene has
a modulus of ~ 109 Pa. Immunocytochemical staining shows that NPCs seeded
onto hydrogel surfaces differentiate into neurons (beta-III-tubulin) and astrocytes
(glial fibrillary acidic protein) after 7 days in culture. Preliminary analysis indicates
that the neuron to astrocyte ratio increases with hydrogel compliance. Total neurite
outgrowth is being assessed as a function of LiCl exposure.

image in a mirror. Our data indicate that developmental exposure to deltamethrin
results in gene expression and neurotransmitter changes unique to the dopaminergic system and persistent behavioral deficits.

1708
1706

LIMITATIONS OF PLATE READER-BASED HIGHTHROUGHPUT MEASUREMENTS OF DYNAMIC
INTRACELLULAR SIGNALS.

R. H. Westerink and H. J. Heusinkveld. Neurotoxicology Research Group, Institute
for Risk Assessment Sciences (IRAS)—Utrecht University, Utrecht, Netherlands.
Mainly due to their cost-effectiveness and speed, plate reader-based screening is the
methodology of choice for high-throughput measurements of static signals, including cytotoxicity and apoptosis. However, high-throughput measurements can be
challenging in case of organ- and cell type-specific endpoints that are dynamic and
change dramatically within minutes (e.g., intracellular cAMP levels) or even seconds (e.g., intracellular calcium levels).
Regulation of the intracellular calcium concentration ([Ca2+]i) is critical for proper
(neuronal) cell function. As a result, there is a high demand in hazard characterization and drug development for high-throughput measurements of [Ca2+]i using
multi-well microplate readers. This study therefore aimed at investigating the validity microplate readers for these dynamic measurements.
We now show, using two different cell lines (PC12 and B35), two fluorescent calcium-sensitive dyes (Fluo-4 and Fura-2) and three different stimuli (high K+, ATP
and acetylcholine) that the use of linear plate reader systems for measurements of
[Ca2+]i is subject to several limitations. Our data demonstrate that real-time kinetic
measurements of [Ca2+]i can be confounded by erroneous sustained increases in fluorescence that depend on changes in volume rather than on changes in [Ca2+]i.
Moreover, compared to single cell fluorescence microscopy linear plate reader system have limited sensitivity and lack single cell resolution. Probenecid is among the
tools to prevent dye leakage and enhance the sensitivity of plate reader-based measurements of [Ca2+]i. However, our data demonstrate that probenecid effectively inhibits depolarization-evoked calcium influx thereby severely limiting its use for
measurements of [Ca2+]i.
The use of current plate reader-based strategies for high throughput real-time kinetic measurements of [Ca2+]i thus appears associated with caveats and limitations
that require further investigation.

L. V. Dishaw1, S. Padilla2 and H. M. Stapleton1. 1Integrated Toxicology and
Environmental Health, Duke University, Durham, NC and 2National Heath and
Environmental Effects Research Laboratory, US EPA, RTP, NC.
Concerns about the potential toxicity of organophosphate flame retardants
(OPFRs), the primary replacements for the phased out penta brominated diphenyl
ether (PentaBDE) mixture, have increased due to their persistence in the environment, high concentrations in residential dust, and structural similarity to neurotoxic organophosphate pesticides. We evaluated the developmental toxicity of four
OPFRs (tris (1,3-dichloro-2-propyl) phosphate (TDCPP); tris (2-chloroethyl)
phosphate (TCEP); tris (1-chloropropyl) phosphate (TCPP); tris (2,3-dibromopropyl) phosphate (TDBPP)) and chlorpyrifos ethyl (CPF) using overt toxicity and
locomotor activity assessments in zebrafish (Danio rerio). Embryos were reared in
individual wells in 96-well plates, with exposures occurring from days 0-5 postfertilization (pf ). To assess overt toxicity (i.e., lethality, dysmorphology, hatching),
chemicals were tested on the same plate (range=0.033-100 μM, ½ log increments;
n=4/dose). On day 6 pf, a detailed visual malformation assessment and a high-content image analysis using a Cellomics® Array Scan® system with the Zebratox V4
bioapplication was performed on each larva. For behavioral testing, chemicals were
tested on separate plates (5 doses in the subovert toxicity range, ¼ log increments;
n=24-36/dose). On day 6 pf, larval swimming activity in both light and dark conditions was assessed with a video tracking system. Developmental exposure to ≤100
μM TCPP elicited no overt toxicity or behavioral effects. CPF, TDBPP, and
TDCPP caused death or malformations (CPF and TDCPP≥10 μM; TDBPP>1
μM), with no overt toxicity observed with ≤100 μM TCEP. Behavioral testing in
developmentally exposed larvae revealed decreased activity in the light phase for
TDCPP- or TDBPP-treated embryos and decreased activity in the dark phase for
CPF- or TCEP-treated embryos, indicating a potential for developmental neurotoxicity in zebrafish. This abstract may not necessarily reflect official Agency policy.

1709
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EMBRYONIC EXPOSURE TO DELTAMETHRIN ALTERS
THE DEVELOPING DOPAMINERGIC SYSTEM AND
BEHAVIOR IN THE ZEBRAFISH.

T. S. Kung, J. R. Richardson, K. R. Cooper and L. A. White. Rutgers
University/UMDNJ, New Brunswick, NJ.
Pyrethroids are commonly used insecticides and, when used properly, are generally
considered to pose little risk to human and environmental health. However, there
has been increasing concern that children are more susceptible to the adverse effects
of pesticides. Previously, we determined that the toxicities associated with acute exposures to 6 pyrethroid pesticides in the developing zebrafish are similar to what
has been shown in mammalian models. Here, we use the zebrafish model to test the
hypothesis that developmental exposure to low doses of the pyrethroid
deltamethrin alters the developing dopaminergic system, resulting in dopaminergic
gene expression and neurotransmitter changes and behavioral alterations. We exposed zebrafish embryos to deltamethrin at doses below the LOAEL (0.5 μg/L),
during the embryonic period (3-72hpf ) using a static non-renewal water exposure.
We found that this exposure resulted in dopaminergic gene expression changes at
72 hpf, including increased expression of the dopamine transporter (1.6-fold) and
the dopamine receptor D1 (2.1-fold), which persisted for at least 1-month post-exposure. Gene expression changes were not observed in genes relating to the glutamatergic system. Neurotransmitter levels of one week old larvae were assayed using
HPLC and larvae exposed to deltamethrin exhibited decreased dopamine neurotransmitter levels, while serotonin and serotonin metabolite levels were unaffected.
The swim behavior of 6-week old zebrafish was quantitated using the Noldus
Ethovision System and treated zebrafish exhibited statistically significant increases
in swim activity (3-fold) as measured by the total distance traveled in 30 min. Male
fish at 6 months of age also exhibited statistically significant increases in aggressive
behavior, quantified by counting the number of times they attacked their own
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OVERT TOXICITY AND BEHAVIORAL EFFECTS OF
DEVELOPMENTAL EXPOSURE TO
ORGANOPHOSPHATE FLAME RETARDANTS IN
ZEBRAFISH.

LONG-TERM BEHAVIORAL DYSFUNCTION RESULTS
FROM EMBRYONIC METHYLPHENIDATE EXPOSURE
IN ZEBRAFISH.

E. D. Levin, D. Sledge, S. Roach, A. Petro, S. Donerly and E. Linney. Duke
University, Durham, NC.
With more adults being prescribed the stimulant medication methylphenidate
(Ritilin®) to treat attention deficit hyperactivity disorder (ADHD) residual type,
the risk of early developmental exposure arises when those taking this drug become
pregnant. The zebrafish was used to study the persisting neurobehavioral effects of
methylphenidate. Zebrafish have the advantages of cellular reporter systems, continuous visual access during development and molecular interventions such as morpholinos to help determine critical mechanisms underlying neurobehavioral teratogenicity. In earlier studies, we documented persisting neurobehavioral impairment
in zebrafish after developmental exposure to the pesticide chlorpyrifos. This was associated with alterations in dopamine systems. Because methylphenidate is an indirect dopamine agonist, it might also cause persistent behavioral impairment after
developmental exposure. Zebrafish embryos were exposed to the ADHD stimulant
medication methylphenidate 0-5 days post fertilization (12.5-50 mg/l). Long-term
behavioral effects were assessed in adult fish after embryonic exposure. Embryonic
methylphenidate exposure at a dose of 50 mg/l in the water caused significant increases in dopamine, norepinepherine and serotonin on day 6, but not on day 30
after fertilization. More persistent effects were seen in behavioral function. In the
novel tank diving test of predatory avoidance developmental methylphenidate (50
mg/l) caused a significant reduction in the normal diving response. In the threechamber spatial learning task early developmental methylphenidate this same dose
caused a significant impairment in choice accuracy. These data show that early developmental exposure of zebrafish to methylphenidate causes long-term behavioral
dysfunction. The identification of these functional deficits in zebrafish enables further studies with this model to determine how molecular and cellular mechanisms
are disturbed to produce this compromised state. Supported by the Duke
University Superfund Research Center ES10356 and NIEHS grant ES016554.

1710

MULTILABORATORY ASSESSMENT OF BEST
PRACTICES FOR MEASURING INJURY-ASSOCIATED
MICRORNAS IN BIOFLUIDS USING A MODEL OF
ISOPROTERENOL-INDUCED MYOCARDIAL INJURY
IN RATS.

K. Thompson1, Y. Bauer2, T. Chen3, P. Couttet4, H. Ellinger-Ziegelbauer5, M.
Kanki6, J. Léonard7, R. Nassirpour8, G. Searfoss9, T. Sharapova10, J. Kelsall11,
H. Uchiyama12, P. Yuen13, C. Spire14 and R. O’Lone15. 1CDER, US FDA, Silver
Spring, MD, 2Actelion, Allschwil, Switzerland, 3NCTR, Jefferson, AR, 4Novartis
Pharmacology AG, Basel, Switzerland, 5Bayer Pharmacology AG, Wuppertal,
Germany, 6Astellas Pharmacology Inc., Osaka, Japan, 7Sanofi, Vitry-sur-Seine,
France, 8Pfizer, Andover, MA, 9Lilly, Indianapolis, IN, 10Abbott Laboratories,
Abbott Park, IL, 11AstraZeneca, Macclesfield, Cheshire, United Kingdom, 12Takeda,
Osaka, Japan, 13NIDDK, NIH, Bethesda, MD, 14Servier, Gidy, France and 15ILSI
Health and Environmental Sciences Institute, Washington, DC.
MicroRNAs with tissue-selective expression are promising biomarkers of drug-induced tissue injury due to their rapid release post injury, stability in biofluids, and
ability to be quantified using RT-qPCR. However, concerns regarding the best
methods for measuring microRNAs in biofluids and choice of appropriate technical controls for data analysis need to be resolved. A collaborative study was initiated
by the HESI Genomics committee to assess best practices for the reproducible
quantification of injury-related microRNAs in serum, plasma, and urine. A single
s.c. injection of 0.5 mg/kg isoproterenol that increased plasma levels of cardiac troponin I by >600-fold at 4 hr in a pilot study was used to induce cardiac injury in
male Wistar rats. Blood was collected 4 hrs post injection, divided into equal portions for preparation of serum or plasma, pooled among 12 rats per group, and
aliquots sent to 12 laboratories for analysis. Serum and plasma were analyzed for
levels of cardiac- and skeletal muscle-selective microRNAs (miR-208, miR-499,
miR-1). Data were normalized to levels of an endogenous reference (miR-16) and a
spiked-in ath-miR-159a control. Comparison of data generated from multiple sites
using a standard protocol and protocol variations will identify which preanalytical
steps affect microRNA detection and quantification in biofluids in drug-induced
injury models.

1711

PANCREATIC-SPECIFIC MICRORNA (MIR217) AS A
CIRCULATING BIOMARKER OF ACUTE PANCREATIC
INJURY.

R. Rouse, B. Rosenzweig and K. Thompson. Division of Drug Safety Research, US
FDA, Silver Spring, MD.
Direct evidence for drug-induced pancreatitis is difficult to acquire because the
chief clinical complaints are non-specific abdominal pain and nausea. Serum amylase and lipase, the default biomarkers for acute pancreatitis, are not particularly
sensitive. Studies were undertaken to identify improved biomarkers for monitoring
pancreatic injury and/or pancreatitis. MicroRNA’s are relative short (18-22 nucleotides) RNA sequences that regulate gene expression through post-transcriptional interaction with messenger RNA. Specific microRNAs are being investigated
as candidate biomarkers in a variety of diseases. Down-regulation of a largely pancreas-specific microRNA (miR217) has been observed in human pancreatic ductal
adenocarcinoma. This decrease in miR217 in conjunction with an elevation in a
cancer-related microRNA (miR196a) is now proposed as a diagnostic criterion in
pancreatic biopsies. A previously described chemically-induced (caerulein) model
of acute pancreatic injury was used to evaluate the potential utility of miR217 as a
circulating biomarker of acute pancreatitis. Sprague Dawley rats and C57BL6 mice
treated with single or multiple (50 or 100 μg/kg) doses of caerulin and sacrificed 14 hours after cessation of treatment. TaqMan® quantitative real-time PCR assays
were then used to profile the regulation of miR217. Serum from both rats and mice
with acute experimental pancreatitis demonstrated 10 to 2000 fold up-regulation
of miR217 compared to that of control animals. These results suggest that pancreas-specific miR217 merits further investigation as a non-invasive biomarker for
acute pancreatic injury in non-clinical studies.

1712

EVALUATION OF MIR122 AS A SERUM BIOMARKER
FOR HEPATOTOXICITY IN FIVE-DAY RAT
TOXICOLOGY STUDIES.

J. M. Maher, T. Sharapova, J. Lai-Zhang, M. Liguori, B. Leroy, W. R. Buck
and E. A. Blomme. R45M, Abbott Laboratories, Abbott Park, IL.
MicroRNAs (miRNAs) are short, non-coding RNAs involved in regulation of gene
transcription. Certain miRNAs, including miR122, have ideal properties as biomarkers due to good stability, high tissue-specificity, and ease of detection across

multiple species. Recent reports have indicated that miR122 expression is a highly
liver-specific marker detectable in serum after liver injury. The purpose of the current study was to assess the performance of miR122 as a serum biomarker for hepatotoxicity in five day rat toxicology studies when benchmarked against routine clinical chemistry and histology. In total, more than 20 studies with escalating doses
were examined that encompassed cases with or without liver injury, and with various hepatic pathologies. Serum was collected and miR122 measurements were assessed by RT-PCR. Overall, isolation of miRNA minimally impacted study protocols, and increases in miR122 highly correlated with elevations in serum of liver
enzymes such as alanine aminotransferase (ALT) and aspartate aminotransferase
(AST). The dynamic range of miR122 (fold change) was significantly higher than
those of ALT and AST, which aids in differentiating dose levels that affect the liver.
However, serum miR122 measurements had limited utility to detect biliary injury,
and miR122 increases were not as sensitive as biliary histopathological changes. In
conclusion, measurement of serum miR122 levels offers the advantage of increased
sensitivity in terms of dynamic range compared to ALT and AST, but adds little
mechanistic benefit over existing methods in rat toxicology studies of limited duration.

1713

EVALUATION OF URINARY MICRORNAS AS NOVEL
BIOMARKERS OF NEPHROTOXICITY IN RATS
TREATED WITH POTASSIUM DICHROMATE.

J. Gautier1, M. Courcol1, J. Léonard1, E. Boitier1, X. Palazzi1, T. Gury1, M.
Guffroy2 and S. Pettit3. 1Disposition, Safety and Animal Research, Sanofi, Vitry-surSeine, France, 2Pfizer, Pearl River, NY and 3Biomarkers of Nephrotoxicity
Committee, HESI, Washington, DC.
Potassium dichromate is a chemical compound widely used in industry and a common contaminant in the environment that induces renal S1-S2 proximal tubule lesions in rats. Studies were conducted in Sprague-Dawley rats to evaluate the utility
of urinary microRNAs (miR) as potential novel biomarkers of nephrotoxicity in the
context of a HESI collaborative program. Groups of 10 males were given a single
subcutaneous injection of 5 and 15 mg/kg potassium dichromate in 0.9% NaCl
and were sacrificed on Day 3. Urine was collected and kidney cortices were macrodissected for miR profiling by quantitative RT-PCR using TaqMan TLDA A and B
rodent cards. Histologically, degeneration and necrosis of the proximal convoluted
tubules were observed at 15 mg/kg potassium dichromate on Day 3. There were no
changes in BUN but serum creatinine was slightly increased (1.2-fold) at 15 mg/kg.
The urinary protein biomarkers of proximal tubular lesions N-acetyl-β-D-glucosaminidase and microalbumin were significantly increased at the high dose only
on Day 3 (5- and 85-fold, respectively). Profiling experiments in kidney cortex
showed that 15 miRs were significantly up-regulated and 13 miRs were down-regulated at 15 mg/kg (False Discovery Rate corrected p-value ≤ 0.05). One miR was
also found significantly down-regulated at 5 mg/kg in cortex. In urine, 109 miRs
were found over-expressed at 15 mg/kg on Day 3, with marked increases (above
100-fold) versus controls for 5 of them, such as miR-339-3p and miR-134. Of
note, 4 over-represented miRs in urine were found to be concomitantly under-expressed in the kidney cortex, suggesting a chemical-induced leakage of miRs from
the injured kidney into the urine. These results indicate that urinary miRs could
potentially be used as sensitive biomarkers of nephrotoxicity in rats.

1714

PLASMA MIRNAS ARE EARLY MARKERS OF DRUGINDUCED LIVER INJURY IN THE RAT.

L. Suter-Dick, C. Bertinetti-Lapatki, I. Mikaelian, S. Fischer, A. EichingerChapelon, T. S. Zabka, T. Weiser, M. Albassam and T. Singer. Hoffmann-La
Roche Ltd., Basel, Switzerland.
MicoRNAs (miRNAs) are highly conserved, tissue-specific small regulatory RNA
molecules that control many cellular processes, including response to xenobiotics.
miRNAs can be secreted in the plasma, suggesting their potential as circulating biomarkers for disease and toxicity.
This study was conducted to assess circulating miRNAs as biomarkers for liver injury in the Wistar rat. Acetaminophen (800 or 2000 mg/kg) was administered once
to cause liver injury. The extent of hepatocellular damage was assessed microscopically and by measuring conventional (ALT and AST) and less established (GLDH
and PON1) biomarkers at 3 and 24 h post-dose. Expression of miRNAs in plasma
was assessed using qPCR.
Treatment-related findings in both dose groups at 24 h consisted of liver necrosis,
increases of ALT, AST, and GLDH, and decrease of PON1. At 3 h, some low dose
animals had liver necrosis without changes in circulating biomarkers. Concordant
with reports in the mouse, miR-122, -192,-29c, and -29a were elevated in the
plasma at 3 and 24 h. In addition to the published results, circulating miR-101a, 365, -21, and -31 were also increased at 3 and 24 h.
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The results demonstrate that circulating miRNAs are suitable biomarkers of liver
damage, responding prior to other circulating hepatocellular toxicity biomarkers.
These preliminary data indicate that liver miRNAs can outperform ALT and AST,
as well as GLDH and PON1, in terms of sensitivity for the detection of hepatotoxicity. The large concordance between these data and results published in mice supports that miRNAs have a strong potential as translational biomarkers. In addition,
nucleic acids are easier to measure than proteins, especially across species.
Additional qualification and data in other species, including man, should be generated.

1715

EVALUATION OF URINARY MICRORNAS AS NOVEL
BIOMARKERS OF NEPHROTOXICITY.

M. Guffroy2, R. Bjoern4, M. Kanki5, M. Sonee6, D. Ennulat7, M. Pinches8, B.
Homer3, S. Pettit1, E. Lock9, A. Baker10, E. Harpur11, D. Bounous12 and J.
Gautier13. 1HESI, Washington, DC, 2Pfizer, Pearl River, NY, 3Pfizer, Cambridge,
MA, 4Bayer Pharma, Berlin, Germany, 5Astellas, Osaka, Japan, 6Johnson &
Johnson, Raritan, NJ, 7GlaxoSmithKline, King of Prussia, PA, 8AstraZeneca,
Macclesfield, United Kingdom, 9John Moores University, Liverpool, United Kingdom,
10Exiqon, Vedbaek, Denmark, 11Newcastle University, Newcastle, United Kingdom,
12Bristol-Myers Squibb, Princeton, NJ and 13Sanofi, Vitry-sur-Seine, France.
Urinary microRNA presents an alternative to protein biomarkers due to their stability in urine, easier and faster assay development in both rats and non-rodent
species, and readiness for translation to human. Although recent collaborative efforts (PSTC, HESI) have led to the regulatory qualification of several biomarkers of
drug-induced kidney injury, there are still unmet biomarker needs for glomerular
structural injury and distal tubular injury. The objective of this study, part of a
HESI collaborative program, was to characterize tissue-specific and/or pathologyrelated patterns of urinary microRNAs for drug-induced kidney injury in male
Sprague-Dawley rats. Studies were conducted in rats treated with reference proximal tubular toxicants (cisplatin, gentamicin, potassium dichromate), reference
glomerular toxicants (puromycin, adriamycin, antiglomerular basement membrane
antibody-mediated glomerulonephritis), and reference and/or proprietary distal tubular toxicants in different laboratories. Urine was collected and kidneys were
macro- or micro-dissected for microRNA profiling and characterization of regionspecific and/or pathology-anchored microRNAs by quantitative RT-PCR. Initial
results show measurable microRNAs in urine that were modulated following treatment with different nephrotoxicants. Changes in the expression of kidney
microRNAs were also observed after treatment. The multi-site and multi-toxicant
approach employed by the HESI consortia, demonstrates that urinary microRNAs
exhibit strong potential as sensitive, reproducible measures of renal toxicity.

1716

Yang1,

ACETAMINOPHEN AND CARBON TETRACHLORIDEINDUCED CHANGES IN RAT URINARY MICRORNA
PROFILES.

Greenhaw1,

Shi1,

Su2,

Qian2,

Davis3,

Mendrick1

X.
J.
Q.
Z.
F.
K.
D.
and W. F. Salminen1. 1Division of Systems Biology, US FDA National Center for
Toxicological Research, Jefferson, AR, 2ICF International, Jefferson, AR and
3Toxicologic Pathology Associates, Jefferson, AR.

MicroRNAs (miRNAs) are evolutionarily conserved small RNAs that affect a large
range of physiological processes. miRNA expression profiles have been extensively
investigated for distinguishing cancerous vs. non-cancerous tissue. A recent extension of this approach is using miRNA in cell-free body fluids to detect organ injury.
This study tested the hypothesis that urinary miRNAs alterations are associated
with liver injury induced by hepatotoxicants. Sprague-Dawley rats were administered one of two classical hepatotoxicants, acetaminophen (APAP) or carbon tetrachloride (CCl4), one non-hepatotoxicant, penicillin (PCN), or one of two vehicle
control articles (0.5% methylcellulose or corn oil). Urine samples were collected
over a 24h period after a single oral dose of APAP (1250 mg/kg), CCl4 (2000
mg/kg) or PCN (2400 mg/kg). APAP and CCl4 induced liver injury based upon
increased serum alanine and aspartate aminotransferase levels and histopathological
findings, including liver necrosis. APAP and CCl4 both significantly increased the
urinary levels of 44 and 28 miRNAs, respectively. In addition, 10 of the increased
miRNAs were in common between APAP and CCl4. In contrast, PCN caused a
slight decrease of a different, non-overlapping set of urinary miRNAs. Cluster
analysis revealed a distinct urinary miRNA pattern from the hepatotoxicant-treated
groups when compared to vehicle controls and PCN. From the same animals, liver
mRNA expression profiling was performed using Agilent microarrays. Eight of the
putative targets, predicted from the 10 shared hepatotoxicant-induced miRNAs,
were found to be significantly altered in the liver of APAP and CCl4 treated ani-

370

SOT 2012 ANNUAL MEETING

mals. In conclusion, this study provides evidence that supports the hypothesis that
urinary miRNA may be used as liver biomarkers to detect adverse effects caused by
hepatotoxicants.

1717

DEVELOPMENTAL PROGRAMMING: PRENATAL
BISPHENOL A TREATMENT ALTERS FETAL OVARIAN
GENE AND MIRNA EXPRESSION.

A. Veiga-Lopez1, L. J. Luense2, L. K. Christenson2 and V. Padmanabhan1.
1Pediatric Endocrinology, University of Michigan, Ann Arbor, MI and 2Molecular
and Integrative Physiology, University of Kansas Medical Center, Kansas City, KS.
Prenatal exposure to excess steroids, native or environmental, leads to reproductive
disruptions. For instance, gestational testosterone (T) treatment disrupts ovarian
function and alters ovarian gene expression in sheep, partly by androgenic and
partly by estrogenic (due to aromatization of T to estrogen) actions. Prenatal
bisphenol A (BPA), an estrogen mimic, treatment also causes reproductive disruptions similar to the T females, albeit less severe. We hypothesized prenatal BPA
treatment will disrupt ovarian gene expression as in T fetuses. Pregnant sheep were
treated from days 30 to 90 of gestation with BPA (0 or 0.5mg/kg BW, daily, s.c. in
corn oil). Ovarian expression of several steroidogenic enzymes and steroid receptors
was measured using quantitative RT-PCR at fetal days 65 (control [C]: n=5; BPA:
n=5) and 90 (C: n=4; BPA: n=5). Data were analyzed using a 2-way ANOVA followed by Bonferroni post-hoc test. Expression of miRNAs was identified using
Affymetrix GeneChip miRNA Array, summarized using the Robust Multichip
Average procedure and confirmed by reverse transcription. mRNA targets of differentially expressed miRNA were identified by bioinformatic analysis (TargetScan
5.1). Maternal BPA treatment, similar to T treatment, increased Cyp19 and 5α-reductase expression at day 65. Further, BPA up-regulated 17 (>1.5-fold) and downregulated 17 (>1.5-fold) miRNAs at day 90, many targets for steroidogenic or insulin metabolism genes. In summary, maternal BPA treatment alters expression of
1) fetal ovarian steroidogenic gene expression, specifically enzymes involved in conversion of androgens to estrogens or dihydrotestosterone, and 2) miRNAs involved
in steroidogenic and insulin homeostasis, similar to disruptions seen in T fetuses.
These results provide the first evidence that maternal BPA, at relevant exposure
doses, alters the ovarian fetal developmental trajectory in a large mammal species.
Supported by NIH ES016541.
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BISPHENOL A EXPOSURE ENHANCES MAMMARY
HYPERPLASIA IN A CHEMICAL CARCINOGENESIS
MOUSE MODEL AND PROMOTES PROLIFERATION,
CELL CYCLE PROGRESSION, AND
CHEMOTHERAPEUTIC RESISTANCE IN HUMAN
BREAST CARCINOMA CELLS.

J. LaRocca, J. Pietruska and M. Hixon. Brown University, Providence, RI.
Early life exposure to Bisphenol A (BPA) has been linked to abnormal mammary
gland development and breast hyperplasia in several rodent models, yet the molecular mechanisms behind this remain unclear. To asses this, pregnant C57/Bl6 mice
were exposed via oral gavage to sesame oil, 50 μg/kg BPA, 1,000 μg/kg BPA, or 2
μg/kg diethylstilbesterol (DES) as a positive control from gestational days 10-16.
Female offspring were autopsied at postnatal day (PND) 25 or 56. At PND 56, a
randomized set of offspring were exposed to 30 mg/kg of the carcinogen, dimethylbenza[α]nthracene (DMBA), and autopsied at one year of age. Perinatal BPA exposure resulted in significantly increased ductal area, alveolar bud number, and epithelial cell proliferation in the adult mammary gland. These alterations were likely
contributing factors to the significant increases in aberrant epithelial proliferation
found in BPA and DMBA-exposed mammary glands at one year of age. BPA and
DMBA-exposed mammary glands also exhibited significant increases in both the
incidence and burden of hyperplastic alveolar nodules, which are precursor lesions
to ductal carcinoma in situ. To further explore molecular mechanism, MCF7
human breast carcinoma cells were exposed to physiologically relevant and moderate doses of BPA, and exhibited significant alterations in the percent of cells in G1,
S, and G2/M by 48 hours. Exposure to BPA caused significant increases in cellular
proliferation as well as the modulation of several proteins involved in cell cycle progression and proliferation, including several members of the cyclin family, pRB,
and phospho-pRb. Additionally, breast carcinoma cells co-exposed to BPA and the
chemotherapeutic 4-OH-Tamoxifen exhibited significant resistance to 4-OHTamoxifen’s anti-proliferative effects. In summary, exposure to BPA promotes
mammary gland hyperplasia in a mouse model of chemical carcinogenesis and cellular proliferation in human breast carcinoma cells via cell cycle control and proliferation signaling.
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EFFECTS OF BISPHENOL A (BPA) AND ETHINYL
ESTRADIOL (EE, 2) IN SPRAGUE DAWLEY RATS
EXPOSED ORALLY FROM GD 6 THROUGH PND 90.

K. B. Delclos1, L. Camacho1, S. Lewis4, M. Vanlandingham1, M.
Chidambaram1, M. Churchwell1, K. Davis2, D. Doerge1, G. Gamboa da
Costa1, B. Juliar3, J. Latendresse2, S. Moon1, G. Olson2, P. Siitonen1, B.
Thorn3, R. Trbojevich1 and K. Woodling1. 1DBT, US FDA/NCTR, Jefferson, AR,
2TPA, US FDA/NCTR, Jefferson, AR, 3DPMN, US FDA/NCTR, Jefferson, AR and
4OSC, US FDA/NCTR, Jefferson, AR.
Guideline-compliant studies have failed to detect low dose BPA effects reported in
many research studies. To address some possible reasons for this discrepancy, the
present study included the following features: measurement of BPA levels in serum
and study supplies, a low phytoestrogen diet, direct oral dosing of neonates, concurrent EE2 groups, a naïve control, and a broad range of endpoints related to reported toxicities. Test articles were administered by daily gavage in 0.3% carboxymethylcellulose to NCTR SD rats from GD 6 until parturition. Pups were
directly dosed from PND 1. BPA doses were 2.5, 8, 25, 80, 260, 840, 2,700,
100,000, and 300,000 μg/kg body weight (bw)/day. EE2 doses were 0.5 and 5.0
μg/kg bw/day. There were sporadic significant differences between the naïve and
vehicle control group endpoints. Both EE2 groups showed multiple dose-related effects in females, including effects on immature reproductive organ weights, delayed
puberty, altered serum clinical chemistry, and altered estrous cycles and reproductive tract morphologies. In males, the high dose of EE2 showed multiple adverse effects on reproductive organs and delayed puberty onset, while the only clear effect
at the low dose was mammary gland hyperplasia. BPA affected gestational weight
gain and the estrous cycle at 100,000 μg/kg bw/day. Multiple reproductive organ
and serum chemistry effects that were seen in EE2-treated animals were also observed in both sexes at 300,000 μg BPA/kg bw/day, although toxicities (e.g. body
weight gain depression) not seen with EE2 were also observed. In addition, EE2 and
high dose BPA showed mild renal effects in both sexes. Sporadic occurrences of
pathological effects were observed in low dose BPA groups that did not show a consistent dose response in incidence or severity. Supported by FDA IAG # 224-070007/NIH IAG # Y1ES1027.
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J. Kendziorski, E. Kendig, R. Gear and S. Belcher. Pharmacology and Cell
Biophysics, University of Cincinnati, Cincinnati, OH.
Pyometra is an inflammatory disease of the uterus commonly found in canines, and
less frequently in humans and laboratory rodents. The disease is characterized by an
accumulation of purulent material in the luminal space and can be induced by
chronic exposure to estrogens in rodents. Bisphenol A (BPA) is an endocrine disrupting chemical that displays estrogen-like activity. It is unknown whether or not
xenoestrogens such as BPA can affect the development of pyometra. This study
compared the efficacy of BPA and 17α-ethinyl estradiol (EE) in promoting the development of pyometra and altering the uterine immune response, as measured by
F4/80-positive macrophage invasion. C57BL/6 and CD-1 mice were exposed to
BPA or EE through the diet. Treatment groups included control, 0.03, 0.3, and 30
ppm BPA (4, 30-40, or 4000 μg/kg/day) and 0.01, 0.1, and 1.3 ppm EE (1, 10-15,
and 160-165 μg/kg/day). Reduced fertility was observed in the 0.01 ppm EE group
for the C57BL/6 strain. No litters were born in the 0.1 and 1.3 ppm EE groups for
either strain. In C57BL/6 mice, 4 of 5 and 1 of 5 animals developed severe pyometra in the 0.1 ppm EE and 0.3 ppm BPA groups, respectively. None of the CD-1
mice developed pyometra. Extreme metaplasia and thin remnants of myometrium
and endometrium characterized the pyometric uteri upon histologic examination.
Uteri of unaffected C57BL/6 mice in the 0.3 ppm BPA group exhibited disorganized and densely packed lamina propria. Increased levels of macrophage infiltration
in the pyometric uterus were shown by macrophage-specific F4/80 immunostaining. In the 0.3 ppm BPA group, the number of macrophages in uterine tissue increased 4 fold in C57BL/6 mice and 1.67 fold in CD-1 mice. These results suggest
an increased estrogen response in uterine immunoresponses and pyometra in the
C57BL/6 mouse strain. This is the first time a weakly estrogenic endocrine disrupting chemical has been shown to cause pyometra.
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ESTROGEN-LIKE CHANGES IN REPRODUCTIVE
MATURATION AND METABOLISM OF MALE CD-1
MICE EXPOSED TO DIETARY BISPHENOL A.

E. Kendig, C. Cookman, S. Christie, D. Buesing, R. Gear and S. Belcher.
Pharmacology and Cell Biophysics, University of Cincinnati, Cincinnati, OH.
Estrogens regulate a variety of physiological, reproductive, and metabolic functions.
Estrogenic endocrine disrupting chemicals, such as bisphenol A (BPA), can influence the hormone’s normal actions leading to altered developmental or physiological responses. BPA is known to impact estrogen signaling through activation of the
estrogen receptors. It is possible that BPA exposure alters reproductive maturation
and metabolism through its estrogen-like activity. The aim of this study was to assess the effects of whole life oral exposure to BPA on reproductive maturation and
metabolic function in CD-1 mice. In a life-long dietary exposure model, CD-1
mice were exposed to BPA (dose range 0.004 to 40 mg/kg/da) or 17α-ethinyl estradiol (EE; 0.02 to 2 μg/kg/da) as a control for effect. Test compounds were incorporated into a defined diet free of phytoestrogens. Breeding pairs were mated and resulting offspring were observed for changes in endpoints of interest. The litter was
used as the statistical unit for this study. Observed estrogen-like responses typically
displayed a non-monotonic dose response, with effects most often observed between 0.004 and 4 mg/kg/da BPA. BPA induced a transient increase in body
weight at PND 28. In males, 0.004 mg/kg/da BPA and 0.2 μg/kg/day EE increased
anogenital distance (AGD) and accelerated balanopreputial separation by 2 days.
No differences in timing of vaginal opening, vaginal patency, first estrus cycle, or
AGD were observed in females. Uterine weight was significantly increased at PND
80-95 with all EE doses but not BPA. Significant differences in metabolic function
were evident in males but not females. Effects of 0.004 and 4 mg/kg/da BPA included an increase in plasma phospholipids, free fatty acids, and triglycerides.
However, improved glucose tolerance and decreased contribution of perigonadal fat
to total fat mass was observed with 0.4 mg/kg/da BPA. These results suggest that in
male CD-1 mice, BPA is causing estrogen-like effects on reproductive maturation
and metabolic function.

DIETARY BISPHENOL A INCREASES THE UTERINE
IMMUNE RESPONSE AND PYOMETRA IN MICE.

PERINATAL EXPOSURE TO THE CURRENT
TOLERABLE DAILY INTAKE OF BISPHENOL A DOES
NOT ALTER FOLICULOGENESIS, OVULATION, OR
THE FERTILIZING ABILITY OF OOCYTES IN FEMALE
MICE.

D. G. Acuña–Hernández1, T. R. Moore–Ambríz1, M. Sánchez–Gutiérrez2, A.
Sierra–Santoyo1, M. L. López–González1, M. J. Solís–Heredia1 and I.
Hernández-Ochoa1. 1Department of Toxicology, Cinvestav-IPN, Mexico, D.F.,
Mexico and 2Instituto de Ciencias de la Salud, UAEH, Pachuca, Hidalgo, Mexico.
Ovarian follicles represent the basis for female fertility since they release oocytes
during ovulation to be fertilized by sperm cells. Perinatal exposure to high levels of
bisphenol A (BPA), a plasticizer that leaches into food or water, has been related
with reduced ovulation and offspring, but concern about effects on ovarian function by the current tolerable daily intake (TDI) of 50 μg/kg/d BPA has risen. This
study evaluated whether the current TDI of BPA during pregnancy and lactation
alters foliculogenesis, ovulation and the fertilizing ability of oocytes. Pregnant
C57BL/6J female mice (n = 6–8) were exposed orally to 50 μg/kg/d BPA, diethylstilbestrol (DES, 10 μg/kg/d, positive control) or corn oil daily from gestational day
10.5 to postnatal day (PD) 25, and female offspring were evaluated on PD 26.
Foliculogenesis was assessed as the number of follicles in ovarian histological sections. Ovulation was assessed as the number of released oocytes into the oviduct
after exogenous gonadotropins stimulation, as well as the number of preovulatory
follicles in ovarian histological sections. The fertilizing ability of oocytes was assessed in an in vitro fertilization assay. The numbers of primordial, primary, preantral, antral and preovulatory follicles were similar among groups. The number of
oocytes released into the oviducts was similar among groups. Mice treated with
BPA or vehicle had similar percentage of fertilized oocytes, whereas mice treated
with DES had decreased percentage of fertilized oocytes compared to control mice.
These data suggest that peritanal exposure to the current TDI of BPA does not alter
folliculogenesis, ovulation or the fertilizing ability of oocytes. Since this study evaluated prepubertal female mice, we cannot exclude the possibility that the TDI of
BPA causes adverse effects in a postpubertal age. Supported by Conacyt–Mexico.
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EXPOSURE TO THE CURRENT TOLERABLE DAILY
INTAKE OF BISPHENOL A DURING ADULTHOOD
DOES NOT ALTER OVULATION, BUT ALTERS THE
FERTILIZING ABILITY OF OOCYTES IN FEMALE
MICE.

T. R. Moore-Ambríz1, D. G. Acuña-Hernández1, M. Sánchez-Gutiérrez2, A.
Sierra-Santoyo1, S. Galindo-Gómez3, M. López-González1, M. Shibayama-Salas3
and I. Hernández-Ochoa1. 1Department of Toxicology, Cinvestav-IPN, Mexico, D.F.,
Mexico, 2Instituto de Ciencias de la Salud, UAEH, Pachuca, Hidalgo, Mexico and
3Departamento de Infectómica y Patogénesis Molecular, Cinvestav-IPN, México, D.F.,
Mexico.
Oocytes are released from the ovary during ovulation to be fertilized by sperm cells.
Bisphenol A (BPA), a plasticizer that leaches from plastics into food and water, has
been suggested to impair oocytes, as well as to reduce ovulation and offspring.
Concern about effects on ovarian function by exposure to the current tolerable
daily intake (TDI, 50 μg/kg/d), however, has risen. Further, effects on ovarian
function by BPA exposure in adulthood have not been investigated. This study
evaluated whether exposure to the TDI of BPA during adulthood alters ovulation
and the oocyte function. Female mice C57BL/6J (39 days old; n = 5−7) were exposed orally to BPA (50 μg/kg/d) or corn oil daily for 12−15 d. Effects of BPA on
ovulation were assessed as changes in the number of oocytes released in response to
exogenous gonadotropins, changes in estrous cyclicity, and changes in the numbers
of preovulatory follicles and corpora lutea in ovarian histological sections. Effects of
BPA on the oocyte function were assessed as the fertilizing ability of oocytes in an
in vitro fertilization assay and as changes in the diameter of the cumulus-oocyte
complex (COC). BPA treated mice had reduced number of days spent on
proestrus, but similar number of preovulatory follicles, oocytes and corpora lutea
compared to control mice. BPA treated mice had decreased percentage of fertilized
oocytes and reduced diameter of the COC compared to control mice. Similar effects were observed in mice treated with diethylstilbestrol, a positive control. In
conclusion, exposure to the TDI of BPA during adulthood may not alter ovulation,
but decreases the fertilizing ability of oocytes via alteration of the COC. Thus, exposure to BPA during adulthood may impair the oocyte and ovarian function.
Support: Conacyt−Mexico.
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D. S. Wikoff1, M. J. DeVito3, N. J. Walker3, J. G. Hixon1, M. A. Harris2, J. A.
Tachovsky1, L. S. Birnbaum4 and L. C. Haws1. 1ToxStrategies, Inc., Austin, TX,
2ToxStrategies, Inc., Katy, TX, 3NIEHS, Research Triangle Park, NC and 4NCI,
Research Triangle Park, NC.
Potential health risks associated with exposure to mixtures of polychlorinated
dibenzo-p-dioxins, polychlorinated dibenzofurans, and dioxin-like polychlorinated
biphenyls (referred to as dioxin-like compounds or DLCs) are evaluated using toxic
equivalency factors (TEFs). TEFs represent point estimates, even though they are
based on relative estimates of potency (REPs) that often span several orders of magnitude. In order to move towards using REP distributions rather than single point
estimate TEFs, experts have indicated the need for development of a consensusbased framework to weight REPs based on study quality and relevance for human
health risk assessment. The objective of this study was to identify those study characteristics believed most important when evaluating REP quality and relevance, to
develop a numerical approach for quantitatively weighting each REP, and to apply
such to the current REP database. Six main study characteristics (study type, study
model, pharmacokinetics, REP derivation method, REP derivation quality, and
endpoint) were identified as most important and form the backbone of the framework. Expert judgment was then used to categorize REPs based on these characteristics. A multinomial logistic classifier machine learning model was applied to develop an optimal mathematical model using the expert judgments for each REP.
This model yielded numerical weights for each REP value, that when applied to the
current REP database, resulted in weighted distributions of REPs for each congener. These distributions improve characterization of the variability and uncertainty inherent in the health risk estimates for this class of compounds, give risk
managers the flexibility to tailor the desired level of protection to a specific situation, and facilitate establishment of a consistent level of protection for all congeners. (This abstract does not reflect the policies or views of NIEHS or NCI)
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BISPHENOL A INHIBITS FOLLICLE GROWTH OF
CULTURED ANTRAL OVARIAN FOLLICLES IN MICE.

A. Ziv-Gal, Z. R. Craig, T. Paulose, W. Wang, B. N. Karman, M. S.
Basavarajappa and J. A. Flaws. Comparative Biosciences, University of Illinois at
Urbana-Champaign, Urbana, IL.
Bisphenol A (BPA) is a plasticizer that is widely used in polycarbonate plastics. It
has been reported to have some toxic effects on the female reproductive system. For
example, BPA exposure has been inversely associated with the number and quality
of oocytes retrieved among women undergoing in vitro fertilization. Moreover, previous studies reported that a 100 μg/ml dose of BPA inhibits steroidogenesis and
antral follicle growth in mice. However, not much data are available regarding the
potential toxic effects of BPA on mouse antral follicles at lower doses. This is important to study given the reported U-shaped dose response curve that is related to
BPA exposure in other tissues. Hence, our current study was designed to evaluate
the effects of low doses of BPA on mouse antral follicles. To perform our study, we
mechanically isolated antral follicles from mouse ovaries (C57Bl6; ages: 50-54 days
old) and cultured them in vehicle (dimethylsulfoxide; DMSO) or BPA (0.001-100
μg/ml) for 96 hours. Every 24 hours, follicle diameter was determined as a measurement of follicular growth. BPA exposure did not affect follicle growth at 24
hours. However, at 48 hours, 100 μg/ml BPA (285.61±9.03 μm) significantly reduced follicle growth compared to DMSO (334.88±9.85 μm) and 0.1 μg/ml BPA
(360.67±17.87 μm) treatment groups (p<0.05). At 72 and 96 hours, BPA 100
μg/ml continued to inhibit follicle growth compared to all treatment groups (at 96
hours: DMSO= 401.1±12.48μm; BPA 0.001 μg/ml= 357.74±16.87μm; BPA 0.01
μg/ml= 349.23±12.57μm; BPA 100 μg/ml= 285.73±8.81μm; p<0.05). None of
the lower doses of BPA (0.001, 0.01, and 0.1 μg/ml) significantly inhibited follicle
growth compared to DMSO at any time point. These data suggest that 100 μg/ml
BPA, but not the tested lower doses of BPA, affects the growth of mouse antral follicles. Supported by: NIH RO1 ES019178 (JAF), a fellowship from Eli Lilly (TP),
Billie Field Fellowships (ZRC and WW), the Environmental Toxicology Scholar
Program (MSB), and the NIEHS Toxicology Training Program (BK).
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APPLICATION OF MACHINE LEARNING IN THE
DEVELOPMENT OF A WEIGHTING FRAMEWORK FOR
EVALUATING ESTIMATES OF RELATIVE POTENCY
FOR DIOXIN-LIKE COMPOUNDS.

A GENOMICS-BASED BENCHMARK DOSE ANALYSES
OF RELATIVE POTENCIES OF DIOXIN-LIKE
COMPOUNDS IN PRIMARY RAT HEPATOCYTES.

J. Urban1, J. C. Rowlands2, R. A. Budinsky2, A. Dombkowski3, C. M.
Thompson4 and R. S. Thomas5. 1ToxStrategies, Austin, TX, 2The Dow Chemical
Company, Midland, MI, 3Wayne State University, Detroit, MI, 4ToxStrategies, Katy,
TX and 5The Hamner Institutes for Health Sciences, Research Triangle Park, NC.
Toxic Equivalency Factors (TEFs) are central to characterizing risk associated with
mixtures of dioxin-like compounds (DLCs), and genomic technologies have the
potential of contributing to the estimation of meaningful TEF values. In this study,
Sprague-Dawley primary hepatocytes were treated for 24 hours with 0.00001-100
nM 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), 2,3,4,7,8-pentachlorodibenzofuran (PeCDF), or 2,3,7,8-tetrachlorodibenzofuran (TCDF). Approximately 1600
genes were significantly altered by all 3 congeners by ANOVA (FDR ≤ 0.05).
Hierarchical clustering revealed that these genes generally responded in a similar
fashion to the 3 congeners. Automated benchmark dose (BMD) modeling was performed to derive BMD values for all individual gene changes as well as GeneGo
Metacore canonical signaling pathways. TCDD-based relative potency values
(REPs) based on the median BMD values for all individual gene changes were in
close agreement with WHO TEF values for PeCDF (0.3) and TCDF (0.1), as were
REPs based on specific aryl hydrocarbon receptor (AHR) battery genes. Functional
enrichment analysis (FDR ≤ 0.05) of the 1600 genes identified 14 canonical signaling pathways, including the AHR signaling pathway. REPs based on the AHR
signaling pathway were generally similar to WHO TEFs, while median REPs for
the other 13 pathways were lower (PeCDF REP = 0.09, TCDF REP = 0.03). That
the REPs derived from the AHR signaling pathway approximate the WHO TEFs is
not unexpected given that the WHO REP database is comprised of many AHRmediated biochemical endpoints (e.g. EROD) in rodents. REPs based on the other
enriched pathways, potentially relevant to the mode of action and toxicity of DLCs,
could provide meaningful measures of relative potency and thus might be considered for future addition to the WHO database.
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USING QUANTITATIVE STRUCTURE-ACTIVITY
RELATIONSHIPS (QSAR) TO ESTABLISH
TOXICITY/ENVIRONMENTAL SCORES (TES).

J. M. Ogden, P. Ruiz and J. Wheeler. Division of Toxicology and Environmental
Medicine, CDC ATSDR, Atlanta, GA. Sponsor: M. Mumtaz.
The Agency for Toxic Substances and Disease Registry (ATSDR) uses Reportable
Quantities (RQs) established by the Environmental Protection Agency (EPA) in
order to prioritize chemicals subject to Toxicological Profile development. RQs are
determined using two criteria. In the first criteria the intrinsic physicochemical (ignitability/reactivity) and toxicological properties (aquatic toxicity, acute mammalian toxicity, chronic toxicity, and potential carcinogenicity) of each chemical are
evaluated. In the second criteria the susceptibility to biodegradation, hydrolysis,
and photolysis (BHP) is evaluated. When an RQ is not available, the ATSDR uses
the same criteria to develop a Toxicity/Environmental Score (TES). However, when
sufficient original data are not available to assign a RQ/TES to chemical candidates,
Quantitative Structure-Activity Relationship (QSAR) methods can be used to computationally predict the physicochemical, toxicological and biodegradability properties needed to determine RQs and TESs. To evaluate the potential use of QSAR
methods to estimate RQs and TESs, the physicochemical, toxicological and
biodegradability properties of 232 chemicals were computationally-predicted, and
QSAR RQs/TESs were estimated. QSAR predictions for rat oral LD50, fathead
minnow LC50, and BHP correlated strongly (74%, 43%, and 62%, respectively)
with original data. QSAR could not predict a dose-response curve required to score
chronic toxicity, however an alternate method combining developmental toxicity
and chronic LOAELs is proposed. QSAR RQs/TESs were identical to original
scores for 26% of chemicals (60% of scores were within 1 tier of original scores, and
14 % of QSAR scores were higher than 1 tier). Thus, QSAR methods may be used
as an alternative method to fill in data gaps needed for development of TESs. To
optimize the use of in silico prediction, an integrated approach for the use of multiple QSAR models, tools and approaches is needed.
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INCLUDING METABOLITES IN THE IN SILICO
TOXICITY PREDICTION OF SOLVENTS.

M. M. Dingemans1, E. Rorije2, A. Efremenko3, J. Bessems2, H. Clewell3 and B.
J. Blaauboer1. 1Utrecht University, Institute for Risk Assessment Sciences, Utrecht,
Netherlands, 2National Institute for Public Health and the Environment (RIVM),
Bilthoven, Netherlands and 3The Hamner Institutes, Research Triangle Park, NC.
In silico toxicity predictions can be applied to direct the testing strategy for new
substances. The aim of this research was to compare the in silico predicted effects for
a number of solvents with those identified in vivo and, importantly, to assess
whether the inclusion of predicted metabolites improves the predictions.
Metabolites were predicted using METEOR (Lhasa Ltd) and the OECD QSAR
Toolbox. Alerts for toxicity of solvents and predicted phase I metabolites were generated using DEREK (Lhasa Ltd), the OECD QSAR Toolbox and TOPKAT®
(Accelrys). In vivo toxicity data were obtained from North American and EU regulatory risk assessment reports.
Toxicity alerts for the solvents include developmental toxicity (ethanol [EtOH],
isopropanol [IPA]), carcinogenicity (all except EtOH), hepatotoxicity (chloroform
[CHL], halothane [HAL], trichloroethylene [TCE]), nephrotoxicity (TCE) and
skin toxicity (EtOH and CHL). These predictions include several false positives
and false negatives. For 2-butoxyethanol (2-BE), 26 unique phase I metabolites
were predicted; 3 for EtOH: IPA 2; CHL 2; HAL 4; TCE 9. Additional alerts for
toxicity emerged when predicted metabolites are included in the toxicity predictions: developmental toxicity, carcinogenicity and skin toxicity (all solvents), hepatotoxicity (2-BE and TCE) and nephrotoxicity (HAL). The inclusion of predicted
metabolites increases the number of false positives (from 6 to 12 cases), and reduces
the number of false negatives (from 13 to 9 cases).
In conclusion, the number of false predictions for solvents was not reduced when
including predicted metabolites. However and importantly, the number of false
negatives is reduced. Based on these findings it is recommended to include metabolite formation in toxicity predictions to prevent the postponement of potential toxicants in prioritization for experimental toxicity testing.
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A QSAR-PBPK MODELING APPROACH FOR
CONDUCTING ANIMAL-TO-HUMAN
EXTRAPOLATION OF INHALATION
PHARMACOKINETICS OF VOCS.

T. Peyret and K. Krishnan. Département de Santé Environnementale et Santé au
Travail, Université de Montréal, Montréal, QC, Canada.
Animal to human extrapolation of the pharmacokinetics of chemicals has been attempted using allometry, in vitro-in vivo paradigm as well as PBPK models. The
bottle-neck in conducting the animal-human extrapolation using PBPK Models re-

lates to the metabolism rates. QSARs may be developed using the available data to
reduce the uncertainty related to the lack of knowledge about the intrinsic clearance
(CLint) of VOCs in humans. Even though a molecular fragment-based QSAR
model of hepatic clearance has been developed using a single set of VOCs, there has
not been any attempt to develop global QSARs for CLint for wider applicability
and integration within PBPK models. The objectives of this study were: (i) to develop QSARs for CLint obtained from in vivo animal studies; and (ii) to incorporate them with human physiology in a PBPK model for predicting the inhalation
pharmacokinetics of VOCs. CLint, calculated as the ratio of the in vivo Vmax
(μmol/h/kg bw rat) to the Km (μM), was obtained for 39 VOCs from the literature. QSAR model resulting from stepwise linear regression analysis passed the validation step for CLint, normalized to the phospholipid (PL) affinity of the VOCs.
Thus, the QSAR facilitated the calculation of CLint (L PL/h/kg bw rat) from the
input data for log Pow, log blood, water PC, and ionization potential. The predictions of the model as lower and upper bounds of the 95 % mean confidence intervals (LMCI and UMCI, respectively), were then integrated within a human PBPK
model. The ratio of the maximum (using LMCI for CLint) to minimum (using
UMCI) AUC predicted by the QSAR-PBPK model was 1.32 ± 0.32, and ranged
from 1.06 (benzene) to 2.58 (1,2,4-trimethylbenzene). This range of uncertainty
for each substance was substantially lower than that associated with lack of knowledge of the CLint. Overall, the integrated QSAR-PBPK modeling method developed in this study is a novel way of characterizing and reducing the uncertainty associated with the lack of knowledge of CLint in predicting human
pharmacokinetics of VOCs.
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ASSESSING THE NONCANCER CHEMICAL RISK OF 1,
3-DIBROMOBENZENE: SURROGATE AND QSAR
APPROACHES EMPLOYING LONG-TERM LOAELS AND
CHEMICAL STRUCTURES OF HALOGENATED
BENZENES.

C. J. Collar1 and N. C. Wang2. 1ORISE, Oak Ridge, TN and 2NCEA, US EPA,
Cincinnati, OH.
Halogenated benzenes (HBs) are used as solvents, herbicides, antiseptics, and pesticides. Due to high environmental persistence and often associated adverse effects,
these compounds are chemicals-of-concern at Superfund waste sites. There is not
enough toxicity data for a traditional risk assessment of 1,3-dibromobenzene (1,3DiBB), a HB chemical-of-concern. Hence, we employed two alternative approaches to assess the chemical risk of 1,3-DiBB: (1) a surrogate approach, and (2)
a quantitative structure-activity relationship (QSAR) approach. The surrogate approach considered four bromobenzenes (BBs) in relation to supporting data including toxicokinetic and chemical class-specific toxicity data. Deductive reasoning was
used to identify a suitable representative compound, and the toxicity value of the
identified compound could serve as the surrogate toxicity value for 1,3-DiBB.
Through our analysis, hepatotoxicity was found to be an endpoint of greatest concern amongst BBs. The hepatotoxicity endpoint permits the subsequent QSAR approach to quantitatively correlate 13 HBs, including the four BBs used in approach
(1), and toxicity data, assuming similar mode of action and effect. Peer-reviewed
hepatotoxic long-term lowest-observed-adverse-effect levels (LOAELs) of 13 HBs
were acquired from public databases (e.g., IRIS), and these were employed for both
(1) and (2) to assess the chemical risk of 1,3-DiBB. These two alternative approaches to assessing chemical risk led to the following conclusions: (1) based on
the trend of increasing toxicity with the number of bromine atoms and observation
that ortho- and meta- positions are generally more toxic, the point-of-departure
(POD) of 1,2,4-triBB could serve as a surrogate POD for 1,3-diBB and (2) a hepatotoxicity QSAR model (r2 > 0.8 and q2 > 0.7) was developed and used to predict a
reasonable liver-specific LOAEL for 1,3-DiBB. The views expressed in this abstract
are those of the authors and do not necessarily represent the views or policies of the
US EPA.
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TESTING FOR SUFFICIENT SIMILARITY IN
ENVIRONMENTAL MIXTURES USING EXPOSURE
DATA AND MIXTURE TOXICOLOGY DATA.

C. Gennings1 and L. G. Stork2. 1Virginia Commonwealth University, Richmond, VA
and 2The Monsanto Company, St. Louis, MO.
US EPA guidance documents for cumulative risk assessment of chemical mixtures
describe both whole mixture and component-based approaches; the preferred
method is the whole mixture approach where mixture-specific toxicity data considered “sufficiently similar” to mixtures in the environment may be used as a surrogate. Whole mixture approaches do not require default assumptions of additivity.
However, this guidance does not provide specific information on how to define sufficiently similar mixtures. Equivalence testing methods have recently been applied
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to test for sufficient similarity comparing benchmark dose (BMD) estimates between a reference mixture (with available experimental in vivo data) and observed
mixtures (eg., from exposure data) in data rich and data poor cases. The similarity
region is defined by the radius around the BMD of the reference mixture (e.g., associated with a benchmark response of 20%), where the radius is the distance between the BMD and an a priori selected effective dose (e.g., ED40). A mixtures
toxicity index may be used to compare the exposure region to a point of departure
for mixtures considered sufficiently similar to the reference mixture. This strategy
was applied to mixtures of pyrethroids identified from floor wipes from the
National Environmental Health Survey of Child Care Centers and in vivo mixtures
studies on neurobehavioral function. Accounting for the relative potency of the
chemicals, the mixtures from 90% of the centers with at least detectable levels of
pyrehtorid(s) were determined to be sufficiently similar. The strategy uses a metric
of distance to qualify as sufficient similarity – a systematic and reproducible approach – without the assumption of additivity. Limitations include the need for
public health stakeholders and regulators to agree on objective guidelines for defining the similarity region across a variety of mixtures and toxicity tests. (The authors
gratefully acknowledge the support from #R01ES015276, #T32 ES007334 and
#UL1RR031990.)
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EVALUATING TOOLS AND MODELS USED FOR
QUANTITATIVE EXTRAPOLATION OF IN VITRO TO IN
VIVO DATA FOR NEUROTOXICANTS.

M. P. Chan1, M. J. DeVito1, T. J. Shafer2, R. Tornero-Velez3 and M. F. Hughes2.
Research Triangle Park, NC, 2NHEERL/ORD/US EPA, Research
Triangle Park, NC and 3NERL/ORD/US EPA, Research Triangle Park, NC.

1DNTP/NIEHS,

There are a number of risk management decisions, which range from prioritization
for testing to quantitative risk assessments. The utility of in vitro studies in these decisions depends on how well the results of such data can be qualitatively and quantitatively extrapolated to in vivo responses. Extrapolation of in vitro data to in vivo
responses includes both pharmacodynamic and pharmacokinetic considerations,
and often assumes that media concentrations are equivalent to steady-state blood
concentrations. For this assumption to be correct, the partitioning of the chemical
between media and cells must be equivalent to the partitioning of the chemical between blood and tissue. The relationship between in vitro effects and in vivo responses was evaluated using deltamethrin and bifenthrin as test chemicals. In vitro
data on chemical-induced decreases in cell firing in rat primary cortical cell cultures
were compared to decreases in motor activity in vivo. Reverse dosimetry/toxicokinetic modeling using media concentrations estimated the administered in vivo dose
within a factor of 22 for deltamethrin and factor of 2-3 for bifenthrin. However,
when the data are compared on a cell or tissue concentration, reverse
dosimetry/toxicokinetic modeling using cellular concentrations estimated the administered in vivo dose within a factor of 2 for deltamethrin and factor of 6-20 for
bifenthrin. Accounting for cell:media partitioning reconciled in vitro/in vivo comparison for deltamethrin but not for bifenthrin suggesting that for bifenthrin the in
vitro effect model is misspecified or that cellular concentrations are not accurately
estimated by these procedures. Successful comparisons with deltamethrin but not
bifenthrin indicate the need to examine these approaches for a wider set of
pyrethroids. (This abstract does not reflect NIEHS or US EPA policy).
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INTEGRATED IN VITRO-IN SILICO APPROACH TO
PREDICT DOSE-RESPONSE CURVES FOR IN VIVO
DEVELOPMENTAL TOXICITY IN RAT AND HUMAN.

J. Louisse1, 2, B. J. Blaauboer3, I. M. Rietjens1 and M. Verwei2. 1Toxicology,
Wageningen University, Wageningen, Netherlands, 2TNO, Zeist, Netherlands and
3Institute for Risk Assessment Sciences (IRAS), Utrecht University, Utrecht,
Netherlands.
The regulatory assessment of systemic toxicity is almost solely performed using animal models, providing in vivo dose-response curves. If in vitro toxicity data are to
be used for human risk assessment, in vitro concentration-response curves will need
to be translated to in vivo dose-response curves. These can be used to set a point of
departure for deriving safe exposure limits. The present study shows our approach
to extrapolate in vitro concentration-response curves to in vivo dose-response curves
for developmental toxicity by combining in vitro toxicity data and in silico kinetic
modeling. In vitro toxicity data obtained in the differentiation assay of the embryonic stem cell test (EST) were extrapolated to in vivo toxicity dose levels using physiologically based kinetic (PBK) modeling. We show that the integrated in vitro-in
silico approach is able to predict developmental toxicity dose levels for glycol ethers*
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and for retinoic acid in rats, reflected by the similarities of our predictions with the
embryotoxic dose levels measured in reported in vivo rat studies. Combining the in
vitro EST toxicity data with a human PBK model allows the prediction of dose-response curves for human developmental toxicity. This approach will therefore provide a means to reduce the need for animal testing in human risk assessment.
*Louisse et al. Toxicological Sciences 118, 470-484 (2010)
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THE ART OF NEGOTIATION: A FUNDAMENTAL SKILL
FOR SCIENTISTS.

L. M. Williams1, E. Kandell2, R. Smart3, R. Gerson4, J. Budroe5, J. Wong6 and
E. Martinez-Finley7. 1Woods Hole Oceanographic Institution, Woods Hole, MA,
2Alternative Resolutions, Silver Spring, MD, 3North Carolina State University,
Raleigh, NC, 4Gerson Pharma Solutions, Lincoln University, PA, 5California EPA,
Oakland, CA, 6California Department of Toxic Substances Control, Sacramento, CA
and 7Vanderbilt School of Medicine, Nashville, TN.
Negotiation is an essential skill for scientists of every rank and job sector to navigate
their career successfully, yet it is often not part of a scientist’s formal training.
Fundamentally, negotiation culminates in the attainment of a mutually acceptable
agreement between two or more parties—however there is an art to reaching such
an agreement. Because negotiations typically occur behind closed doors, few will
ever experience a negotiation until they represent one of the parties involved. In an
ever-changing world it has become imperative to understand the nuances of negotiation, and this session offers attendees a unique opportunity to bring negotiations
out in the open. This session will introduce scientists to the intricacies of negotiations in the workplace and to discuss idiosyncrasies in negotiation tactics across toxicology sectors. The session will be delivered in two segments: a formal lecture and
a panel discussion delivered by speakers from academia, industry, and government.
Our panel will deliver important information on the art of negotiation, addressing
conflict styles and the basics of interest-based negotiation. The panel will then discuss their personal experiences in negotiation throughout their careers and address
best practices in negotiation as it relates to their sector of toxicology. Topics covered
will include preparation for negotiating, how to initiate negotiation, importance of
body language, gender differences in negotiation, negotiating for salary and startup in academia, negotiating for labor and represented management at the bargaining table in government, and negotiation practices in the pharmaceutical industry.
At the end of the session, participants will come away with a better understanding
of how negotiations work and how to use them to their advantage.
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PLACING BISPHENOL A RISKS IN A HUMAN
EXPOSURE CONTEXT: IS INTERNAL EXPOSURE TO
BIOACTIVE BISPHENOL A IN HUMANS SIMILAR TO
LEVELS IN AFFECTED RODENT TEST SPECIES?

J. Fisher2 and J. G. Teeguarden1. 1Fundamental and Computational Sciences, Pacific
Northwest National Laboratory, Richland, WA and 2Division of Biochemical
Toxicology, National Center for Toxicological Research, Jefferson, AR.
Human external and internal exposure to Bisphenol A (BPA) is widespread.
Hydrolysis or leaching of unreacted monomer from polymeric products can release
low levels of BPA leading to human exposure through the diet, handling of some
paper products, and use of some medical devices utilized in neonatal/pediatric intensive care units. However, BPA undergoes substantial presystemic Phase II metabolism in the gut and liver following oral administration, producing inactive
metabolites and limiting internal exposure to the active monomer, aglycone, or unconjugated BPA. Inconsistent reports of high (ng/ml) concentrations of aglycone
BPA in human blood/tissue samples collected and/or analyzed in an uncontrolled
manner and controversy regarding the pharmacokinetics of BPA in rodents and primates have fueled concerns that internal exposure to BPA may be high enough to
cause endocrine disruption in humans. Recently published and emerging research
funded by NIEHS/NTP, FDA, and EPA (STAR program) offer an exceptional scientific basis for assessing the significance of BPA exposure to human health. This
session will introduce the BPA cause célèbre, present new data on internal exposures to unconjugated BPA in humans, the pharmacokinetics of aglycone and conjugated BPA in adult, neonatal, and fetal rodents and nonhuman primates, and
present new rodent toxicity studies that concomitantly characterized internal BPA
exposure and potentially adverse biological effects. These data will be synthesized
and used to critically examine the hypothesis that human internal exposure to aglycone BPA is sufficiently high to produce a demonstrably adverse health outcome
and identify key uncertainties and data needs. The conclusions will be discussed in
a final session.
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GETTING CERTIFIED AS A TOXICOLOGIST: WHY,
WHEN, WHERE, AND HOW?

M. Selgrade1, J. Wisler2, W. Brock3, N. Claude4, T. Satoh5 and L. Smith6. 1ICF
International, Durham, NC, 2Amgen, Thousand Oaks, CA, 3Brock Scientific
Consulting, Montgomery Village, MD, 4Servier, Courbevoie, France, 5HAB Research
Laboratories, Ichikawa, Japan and 6Syngenta Crop PRotection, Macclesfield, United
Kingdom.
The purpose of this session is to provide information on the different certification
options available to toxicologists and to highlight the benefits of certification. This
session is intended for those who are considering certification and want to learn
more about it. Practicing toxicologists come from different training backgrounds,
are engaged in a diverse array of activities including research, risk assessment, product development, consulting, etc., and work in several different sectors. The SOT
membership embodies this diversity and includes scientists from academia, government, nonprofits, and industry who practice toxicology in the United States and
abroad. The diverse nature of the field makes certification particularly challenging
and in truth many toxicologists are self-branded. However, several certification organizations exist worldwide, each with different foundations and requirements.
Our panel of experts will explore what makes a toxicologist, understand the different certification options and their benefits, and identify opportunities for harmonization. Providing an overview of the requirements for each review body will be
representatives from the American Board of Toxicology (ABT), the Academy of
Toxicological Sciences (ATS), European Registered Toxicologists (ERT), and the
Japanese Society of Toxicology (JSOT).
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Yao1,

GOOD LABORATORY PRACTICE (GLP) IN CHINA.

Cao2,

J.
C.
G. Hsu3, J. Gong4, J. Yan5 and Z. Chen6. 1DDDP/ODE
3/OND/CDER, US FDA, Silver Spring, MD, 2Center for Certification, State Food
and Drug Administration (SFDA), Beijing, China, 3Shanghai InnoStar Bio-Tech
Co., Ltd., Shanghai, China, 4JOINN Laboratories, Germantown, MD, 5Hutchison
MediPharma Limited, Shanghai, China and 6OSI/OC/CDER, US FDA, Silver
Spring, MD.
China has experienced an increase in nonclinical studies conducted for submission
to the US, Chinese, and other regulatory authorities. Both industry and regulators
should be familiar with requirements and challenges in the emerging Chinese landscape. This session will review requirements and challenges of GLP regulations seen
by both Chinese and US regulatory authorities, as well as provide industry perspectives on meeting and clarifying those challenges. Our panel of experts will highlight
the current status of GLP laboratories certified by the Chinese State Food and Drug
Administration (SFDA) and nonclinical GLP studies conducted in China for
multinational regulatory submissions. Industry and regulatory leaders will participate in this session to share important perspectives to help achieve understanding
and compliance with requirements. This particular topic will be useful to those interested in conducting nonclinical studies in China and those reviewing nonclinical
studies conducted by Chinese contract research organizations (CROs).
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EPIGENETIC AND miRNA REGULATIONS IN
CARCINOGENESIS: TOXICOLOGICAL IMPLICATIONS.

J. R. Placido1 and E. Fuentes-Mattei2. 1Department of Pharmaceutical Sciences, St.
John’s University, Jamaica, NY and 2Department of Molecular and Cellular Oncology,
University of Texas MD Anderson Cancer Center, Houston, TX.
Epigenetics is an increasingly evolving scientific field focused on mechanisms involving heritable gene expression profiles and phenotypic changes fundamental for
normal development without alterations in nucleotide sequence. DNA methylation
and acetylation patterns, histone modifications, germ-line reprogramming and
noncoding RNAs mediate epigenetic regulations. Increasing evidence suggests that
disruption and alteration of normal epigenetic regulation mechanisms are fundamental in cancer development and progression. Recent evidence shows that exposure to air toxicants and environmental pollutants triggers changes in microRNA
(miRNA) expression profiles. These cellular changes reveal novel mechanisms
through which toxicants may induce adverse health effects, including the development of leukemia and liver carcinogenesis. In addition, arsenic has been implicated
in the development of human skin, lung, bladder, liver, and prostate cancers.
Histone modifications have been suggested as epigenetic mechanisms related to arsenic-induced carcinogenesis. Identification and development of new therapeutic
strategies with specific and selective targets in the epigenetic machinery are of utmost importance. Recent research shows that detecting alterations in miRNA expression has been associated with early stages of tumor development. These find-

ings suggest that miRNAs may play an important role in cancer risk assessment.
Alternatively, histone deacetylase inhibitors are effective in the treatment of hematological malignancies such as leukemia in children. Epigenetic alterations that result in carcinogenesis stress the importance of research efforts to characterize associated molecular mechanisms and highlight current public health issues.
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EPIGENETIC EFFECTS OF FORMALDEHYDE
EXPOSURE.

J. Rager1, L. Smeester1, K. G. Sexton1, I. Jaspers2, R. C. Fry1 and J. A.
Swenberg1. 1Department of Environmental Sciences and Engineering, Gillings School
of Public Health, University of North Carolina at Chapel Hill, Chapel Hill, NC and
2Center for Environmental Medicine, Asthma, and Lung Biology, School of Medicine,
University of North Carolina at Chapel Hill, Chapel Hill, NC.
Formaldehyde is a common indoor and outdoor air pollutant known to cause cancer in the upper respiratory tract, and possibly leukemia. Despite its adverse health
effects, the mechanisms underlying formaldehyde-induced disease remain largely
unknown. Research investigations have uncovered microRNAs (miRNAs) as key
post-transcriptional regulators of gene expression that may influence cellular disease
state. While studies have compared miRNA expression patterns between diseased
and healthy tissue, this is the first study to examine perturbations in global miRNA
levels resulting from formaldehyde exposure. We set out to investigate whether cellular miRNA expression profiles are modified by formaldehyde exposure. We hypothesized that formaldehyde exposure disrupts miRNA expression levels within
human lung cells, representing a novel epigenetic mechanism through which
formaldehyde may induce disease. Human lung epithelial cells were grown at airliquid interface and exposed to gaseous formaldehyde at 1 ppm. Small RNAsi were
collected and analyzed for miRNA expression using microarray analysis.
Formaldehyde exposure was found to significantly decrease the expression levels of
89 miRNAs. In particular, miR-181ai showed the largest decrease in expression
upon exposure. Interestingly, this miRNA is recognized for its involvement in
leukemia development, and it is known to target inflammation-related mRNAs.
Molecular network analysis of predicted miRNA transcript targets revealed that
formaldehyde exposure potentially alters signaling pathways associated with cancer
and inflammation via epigenetic mechanisms. In conclusion, formaldehyde alters
miRNA patterns which regulate gene expression, potentially leading to disease.
Future work will investigate epigenetic modifications resulting from formaldehyde
exposure in vivo throughout several target tissues.
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ARSENIC-INDUCED ALTERATIONS IN GLOBAL
POSTTRANSLATIONAL HISTONE MODIFICATIONS
AMONG ADULTS IN BANGLADESH.

Y. Chernova1, M. Hall2, A. Arita1, F. Wu1, H. Sun1, H. Tseng1, K. Kiok1, T.
Kluz1, X. Liu3, M. Gamble4 and M. Costa1. 1Nelson Institute of Environmental
Medicine, New York University School of Medicine, New York, NY, 2Department of
Epidemiology, Mailman School of Public Health, Columbia University, New York,
NY, 3Department of Biostatistics, Mailman School of Public Health, Columbia
University, New York, NY and 4Department of Environmental Health Sciences,
Mailman School of Public Health, Columbia University, New York, NY.
Arsenic is classified as a group 1 human carcinogen and is implicated in the development of multiple types of cancers. It has been suggested that As-induced carcinogenesis may involve As-induced epigenetic dysregulation. We have detected significant differences in the global levels of several histone tail acetylation and
methylation marks, including histone 3, lysine 9 acetylation (H3K9ac), histone 3
lysine 9 di-methylation (H3K9m2), histone 3 lysine 4 tri-methylation (H3K4me3)
and histone 3 lysine 27 tri-methylation (H3K27me3), in human peripheral
mononuclear cells (PMBCs) collected from individuals exposed to varying levels of
As in drinking water in Bangladesh. H3K4me3 and H3K27me3 changes appear to
be gender specific. We measured histone modifications from the same individuals
collected at three time points: weeks 0, 12, and 24 and saw that methylation marks
are fairly stable, while the acetylation marks appear to be more dynamic. Changes
in the global levels of histone marks were primarily measured using a novel ELISA
method. Our results suggest that chronic As exposure via drinking water in adults
alters global levels of post-translational histone marks by increasing the global levels
of H3K9 di-methylation and H3K27 tri-methylation (females only), which are
marks of transcriptional repression. Decreasing the global levels of H3K9 acetylation and H3K4 tri- methylation (males only) marks is usually associated with relaxed chromatin structure and active chromatin. These respective alterations in the
post-translational histone modifications may imply that chronic As exposure may
be associated with global transcriptional repression.
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THE MOLECULAR AND EPIGENETIC MECHANISMS
INVOLVED IN MAMMALIAN LINE-1 RETROELEMENT
SILENCING ARE ALTERED BY BENZO(a)PYRENE.

D. Montoya-Durango, Y. Liu, I. Teneng, T. Kalbfleisch, M. E. Lacy, J. L.
Quertermous, M. C. Steffen and K. S. Ramos. Department of Biochemistry and
Molecular Biology and Center for Genetics and Molecular Medicine, University of
Louisville, Louisville, KY.
Benzo(a)Pyrene, (BaP), is an environmental pollutant present in tobacco smoke
and a byproduct of fossil fuel combustion which likely contributes to the tumorigenic processes in human cancers including lung and esophageal. Long Interspersed
Nuclear Element-1 (LINE-1) or L1 is a mammalian retrotransposon that contains
an internal promoter within its 5’ untranslated region (5’UTR), and propagates via
a “copy-and-paste” mechanism using reverse transcriptase and RNA intermediates.
L1 elements are targeted for epigenetic silencing during early embryonic development and remain inactive in most cells and tissues. Although the complex transcriptional control mechanisms of L1 are not well understood, L1 reactivation has
been described in several human cancers following exposure of mouse or human
cells to BaP. We investigated the epigenetic mechanisms involved in L1 silencing in
mouse and human cells as well as the epigenetic modifications that contribute to L1
reactivation following BaP exposure. We found that pRb and E2F interact with
human and mouse L1 elements, and contribute to both maintenance of histone
heterochromatin silencing marks H3 K9me3 and H4 K20me3, and to the recruitment of histone deacetylases (HDAC) HDAC1 and HDAC2 corepressors to L1
5’UTR. Challenge of HeLa cells with BaP reduces the recruitment of DNA methyltransferase-1 (DNMT1) but not pRb to the L1 promoter, and increases the levels of
H3K4me3 and H3K9Ac, epigenetic marks for transcriptionally-active chromatin.
Also, long-term exposure to BaP resulted in decreased cytosine methylation at several loci within the L1 5’UTR. We conclude that genetic reactivation of L1 by BaP
involves an ordered cascade of epigenetic events that begin with nucleosomal histone modifications and is completed with alterations in DNMT1 recruitment to
the L1 promoter and reduced DNA methylation of CpG islands.

1743

N. Rivera-Del Valle and J. Chandra. Department of Pediatric Research, University of
Texas MD Anderson Cancer Center, Houston, TX.
Despite advances in the treatment of pediatric leukemia, twenty percent of children
die due to relapse or refractory disease. Furthermore, survivors have an increased
risk of death compared to age matched cohorts due to late effects of their therapy.
Identification and development of new therapeutic strategies with specific and selective anti-leukemia activity are of utmost importance for these patients. Histone
deacetylase inhibitors (HDACi), have been shown to be effective in the treatment
of hematological malignancies. The major accepted mechanism of action for these
drugs is through hyperacetylation of histones. Interestingly, several studies have indicated that HDACi cause oxidative stress, which contributes to the cytotoxicity of
these drugs. Combining HDACi with other agents that cause further oxidative
stress might enhance the efficacy of HDACi for the treatment of leukemia. The tyrphostin inhibitor adaphostin is one such agent. Adaphostin was originally identified as a tyrosine kinase inhibitor, but subsequent studies defined oxidative stress as
its primary mechanism of action. Furthermore, adaphostin demonstrates selectivity
for leukemia cells as compared to normal lymphocytes. We addressed the utility of
combining HDACi and adaphostin in a leukemia model system. Our preliminary
data shows strong synergy between two structurally different HDACi (entinostat
and vorinostat) and adaphostin resulting in apoptosis. Results showed a threefold
increase in DNA fragmentation when cells were treated with adaphostin plus entinostat and a sixfold increase with adaphostin plus vorinostat, compared to DNA
fragmentation with HDACi alone. Furthermore, these combinations resulted in a
twofold increase in superoxide levels, suggesting that oxidative stress plays an important role in the induction of apoptosis. Our focus is to understand the mechanism involved in the synergy between these agents, which will allow the identification of better strategies to treat leukemia.
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EPIGENETIC AND miRNA DYSREGULATION IN LIVER
NONGENOTOXIC AND GENOTOXIC
TUMORIGENESIS.

K. R. Kutanzi1, S. Melnyk2, I. Koturbash1 and I. Pogribny1. 1Biochemical
Toxicology, National Center for Toxicological Research, Jefferson, AR and 2Department
of Pediatrics, University of Arkansas for Medical Sciences, Little Rock, AR.
Currently, it is well-established that carcinogenesis, in addition to various genetic
changes, is associated with the accumulation of multiple epigenetic and miRNA expression abnormalities. However, it is highly unlikely that all of these epigenetic
changes play a causative role in tumorigenesis. In this respect, the identification of
those epigenetic events that drive cell transformation is crucially important for understanding mechanisms of cancer progression and prevention. Accumulating evidence suggests that impaired functioning of one-carbon metabolism may influence
cancer incidence and progression because of its integral role in the regulation of several main interdependent cellular metabolic processes critical for the proper maintenance of the cellular epigenome. We conducted experiments to examine the underlying mechanisms of one-carbon metabolism dysregulation during the early
stages of rodent hepatocarcinogenesis induced by nongenotoxic (methyl-deficient
diet) and genotoxic (2-acetylaminofluorene; 2-AAF) carcinogens. Notably, in the
livers of mice fed a methyl-deficient diet we found the down-regulation of several
key one-carbon metabolism genes, including Mat1a, Ahcy, Mthfd1 and Cbs.
Importantly, these changes were accompanied by marked functional alterations the
level of in one-carbon metabolites. Similar changes were detected in rat liver during
2-AAF-induced hepatocarcinogenesis. Mechanistically, inhibition of expression of
these genes was associated with epigenetic alterations in the promoters and up-regulation of several microRNAs, e.g. miR-22 and miR-29 family, that target miRNA
of these genes. The results of the present study suggest that epigenetically- or
miRNA-mediated down-regulation of the one-carbon metabolism genes during
both genotoxic and nongenotoxic hepatocarcinogenesis may be one of the fundamental epigenetic events that promote liver carcinogenesis by causing a profound
accumulation of subsequent epigenetic abnormalities during progression of the carcinogenic process.

OXIDATIVE STRESS BASED STRATEGIES FOR
ENHANCING THE EFFICACY OF HISTONE
DEACETYLASE INHIBITORS (HDACi) FOR THE
TREATMENT OF LEUKEMIAS.

NONCLINICAL SAFETY ASSESSMENT OF DUALTARGETING BIOTHERAPEUTICS.

M. Bogdanffy1 and A. Pilaro2. 1Nonclinical Drug Safety, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT and 2CDER, US Food and Drug
Administration, Silver Spring, MD.
Engineering of protein-based biotherapeutics has advanced significantly in recent
years to delivering novel molecules having exceptional target specificity. Initial antibody-based therapies were designed to target a single epitope. More recently, however, multitargeting antibodies, including nanobodies, are being designed to bind
and modulate multiple cellular targets having coordinated biological pathways.
These novel and highly specific constructs present new challenges for assessing
safety in the nonclinical setting, including identification of pharmacologically relevant species, creative study designs that support clinical development in the presence of species dependent pharmacokinetic behavior, and antidrug antibody assay
implementation strategies for multi-anti-idiotype immunological responses that
may interfere with pharmacological/toxicological data interpretation. This important topic will generate interest in this issue and bring about the discussion and
challenges with regard to assessing the safety of these cutting-edge biotherapeutic
modalities. Our panel of experts will begin by providing a brief overview of protein
engineering technologies used in the design of dual-targeting biotherapeutics with
the aim of providing a basic understanding of the technologies and particularly the
toxicology-relevant aspects of construct design, such as the influence of amino acid
sequence homology and glycosylation patterns on species-relevant pharmacologic
action. We will follow the introduction with a series of three case studies that illustrate the unique issues faced when developing clinical trial-enabling strategies,
study design, and data interpretation. Finally, a brief commentary from the regulatory perspective on the need for nonclinical safety and regulatory scientists to partner when faced with these new challenges will close out the session. At the conclusion of the session a summary of the challenges and provocative commentary on the
future directions of nonclinical safety assessment of dual-targeting biotherapeutics
will be presented.

1745

DUAL-TARGET CONSTRUCT ENGINEERING FOR
TARGET SPECIFICITY AND EFFICACY.

J. Cochran. Stanford Universtiy, Palo Alto, CA. Sponsor: M. Bogdanffy.
Dual-specific and multi-specific proteins that recognize two or more clinical targets
have generated great interest in the pharmaceutical and biotechnology arenas. This
burgeoning interest has afforded exciting new drug candidates with the potential
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for enhanced efficacy, reduced side effects, and lower costs of development and production compared to combination therapies. As examples, multi-specific proteins
have been shown to potentiate the activity of more than one clinical target on the
same cell, or bind receptors that bring different types of cells together in the body
with interesting and important biological outcomes. Several main strategies have
been used to create multi-specific proteins, including chemical conjugation of protein domains, recombinant expression of protein fusions, engineering promiscuous
proteins with binding sites that recognize multiple targets, and engineering proteins
that contain multiple binding epitopes. Rational and combinatorial methods that
have been used to generate such proteins will be discussed. Antibody-based fusion
proteins have dominated this development space, but multi-specific therapeutics
generated from natural or engineered proteins are emerging as attractive alternatives, often with advantages including increased stability and expression yields.
While multi-specific proteins have already been created with activities that are
greater than the sum of their parts, challenges remain such as identifying which
clinical targets or functionalities will be best to combine, and the inability to alter
the dosage of the individual therapeutic components. Despite these challenges, interest in multi-specific proteins will continue to grow at a rapid pace, especially as
these biologics continue to demonstrate success in pre-clinical and clinical trials.
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NONCLINICAL ASSESSMENT OF BISPECIFIC T CELLENGAGING ANTIBODIES.

B. Rattel. Micromet AG, Munich, Germany. Sponsor: M. Bogdanffy.
Certain bispecific antibodies can transiently link tumor cells with resting polyclonal
T cells for induction of a surface target antigen-dependent redirected lysis of tumor
cells. One example is blinatumomab, which belongs to a class of bispecific biologics
called BiTE® antibodies (for bispecific T cell engager). Blinatumomab consists of
two covalently linked single-chain antibody variable domains (scFv) directed
against CD3 and CD19, respectively. Durable objective responses to single-agent
therapy with blinatumomab have been demonstrated in patients with refractory
non-Hodgkin’s lymphoma (NHL) and B-precursor acute lymphocytic leukemia
(ALL), and clearance of bone marrow from tumor cells below the limit of detection
has been observed in patients with minimal residual ALL. In vitro, blinatumomab
and other BiTE antibodies activate T cells in a highly conditional manner that is
dependent on the presence of target cells. Blinatumomab belongs to a first generation of BiTE antibodies that cross-react only with respective antigens from chimpanzees. To facilitate in vivo safety testing of this first generation of BiTE antibodies, surrogate molecules that are cross-reactive with murine antigens were generated
and will be discussed. Furthermore an example will be presented where such surrogate BiTE approaches did not work, and the clinical starting dose had to be determined solely based on MABEL data and PK modeling. A new generation of BiTE
antibodies is now available that is fully human in sequence and cross-reacts with a
wide variety of non-human primates including cynomolgus macaques. The pharmacological characterization of BiTE antibodies includes in-depth analysis of their
effects on tumor as well as on T cells. Various models are available for in vivo efficacy testing. For instance, xenotransplanted mice are reconstituted with human effector T cells after establishment of solid tumors. Strategies for nonclinical assessment of BiTE antibodies with different cross-reactivity profiles and with specificity
for various tumor-associated antigens will be presented.
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COMPUTATIONAL SAFETY AND REGULATORY
STRATEGIES USED IN DEVELOPING A NOVEL
BISPECIFIC MOLECULE IN ONCOLOGY.

K. Olivier. Merrimack Pharmaceuticals, Inc., Cambridge, MA.
Bispecific molecules can greatly increase the ability to inhibit tumor growth
through avidity. The potentiation created when utilizing two receptors in the same
growth factor receptor pathway has been shown to better inhibit tumor growth
compared to single target monoclonal therapy alone. Network biology suggested
that a bispecific molecule that docks to an overexpressed target on tumor cells, allowing greater accumulation of therapeutic molecules at the site of the tumor,
which subsequently binds and inhibits a key molecule in tumor growth could be efficacious. MM-111 was designed as a bispecific antibody consisting of a HER2
docking arm and a HER3 effector arm linked via a proprietary modified human
serum albumin sequence. HER2 overexpression is known to occur in certain patients with breast, lung and stomach cancer. Both HER2 and HER3, also known as
ErbB2 and ErbB3 respectively, are members of the ErbB family of receptors, whose
activation is commonly linked with cancer. Safety studies supporting the MM-111
IND included repeat-dose toxicity studies in rodent and nonrodent models, and a
tissue cross-reactivity study in representative species. Maximum feasible doses were
tested in both species, based on the anticipated clinical dose formulation. The only
MM-111 related finding in some rodents administered any dose level of MM-111,
up to 500 mg/kg (NOAEL), was a minimal to mild periductular mixed cell infil-

trate in the liver, which did not affect liver function. The only MM-111 related
finding in some non-rodents administered 30 (NOAEL) and 250 mg/kg MM-111
(5 doses over 4 weeks) was a minimal to moderate periarterial mixed cell infiltrate
in various tissues, primarily gastrointestinal and reproductive, which did not impair
function. There were no other MM-111 related effects. The periductular and periarterial findings were largely reversible after a 4-week treatment free recovery period. Network Biology and the safety and regulatory considerations for the discovery and development of MM-111, a bispecific antibody targeting HER2 & HER3
for oncology indications, will be described.
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NONCLINICAL CHARACTERIZATION OF A HER3 AND
EGFR DUAL-ACTION ANTIBODY IN CYNOMOLGUS
MONKEYS.

R. Prell, D. Danilenko, C. Wang, A. Kamath, G. Schaefer, A. Wong, G. Fuh
and W. Halpern. Genentech, S. San Francisco, CA.
MEHD7945A is an engineered monoclonal antibody (mAb) in which each of the
two antigen binding fragments is capable of binding to human and cynomolgus
monkey HER3 and EGFR with high affinity. MEHD7945A binds to rodent
EGFR but not rodent HER3; thus, the cynomolgus monkey was selected as the appropriate species for safety assessment. MEHD7945A blocks ligand binding to
both receptors and demonstrates equivalent or superior efficacy to other antiEGFR or anti-HER3 mAbs in mouse xenograft models. Dysregulation of EGFR
and HER3 signaling has been implicated in tumorigenesis and tumor progression.
EGFR is a clinically validated target, although inhibition is associated with dermatologic toxicity in non-clinical and clinical studies. In contrast, relatively little is
known about safety liabilities associated with HER3 inhibition. The nonclinical development of MEHD7945A included a pilot toxicity study in female cynomolgus
monkeys to compare the relative dermatologic toxicity of MEHD7945A to cetuximab, a clinically approved anti-EGFR mAb, and to screen for unique toxicities
that may be associated with HER3 and EGFR coinhibition. Animals were administered cetuximab (25 mg/kg) or MEHD7945A (12.5 or 25 mg/kg) IV weekly for
5 weeks. Consistent with prior reports, dermatologic toxicity was observed between
the 3rd and 4th doses in all animals given cetuximab, whereas only 1 of 3 animals
treated with MEHD7945A at 25 mg/kg had evidence of dermatologic toxicity that
was of lesser severity and had later onset. No animals given MEHD7945A at 12.5
mg/kg showed gross evidence of dermatologic toxicity. TK profiles confirmed comparable exposure between animals dosed with cetuximab and MEHD7945A at 25
mg/kg; thus the reduced relative toxicity was not due to differential drug exposure.
In a 12-week GLP repeat dose toxicity study no dermatological toxicity was observed after weekly IV administration of MEHD7945A at doses up to 30 mg/kg.
These data suggest that MEHD7945A is well tolerated and may offer an improved
clinical safety profile relative to approved therapies.
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REGULATORY PERSPECTIVE ON DUAL-TARGETING
BIOTHERAPEUTICS: APPROACHES, TRANSLATION OF
NONCLINICAL FINDINGS, AND CHALLENGES.

A. Pilaro. CDER, US FDA, Silver Spring, MD.
This presentation will provide a discussion of the regulatory issues regarding the
nonclinical development of bispecific or dual-targeting biopharmaceuticals, in a
question and answer format. Questions and challenges regarding nonclinical safety
testing and interpretation of the findings, with the goal of defining safety for firstin-human studies of these products will be presented. The US regulatory perspective, based on FDA CDER’s interpretation of the current revised ICH S6(R1)
Preclinical Safety Evaluation of Biotechnology-Derived Pharmaceuticals guidance.
Interactive questions and discussion from the participants will be encouraged
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CHALLENGES AND FUTURE DIRECTIONS OF
MULTITARGETING BIOTHERAPEUTIC APPROACHES.

W. Ku. Boehringer Ingelheim, Ridgefield, CT.
A brief summary perspective on the challenges and future opportunities for the
nonclinical safety assessment of multitargeting biotherapeutics will be presented.
The need for close partnering between nonclinical safety and drug discovery at the
exploratory stages of pursuing this biotherapeutic modality, including target combination selection, will most likely be important to achieve more efficient and successful transition of these molecules to clinical development. Also, clinical differentiation over novel single target or other ‘standard of care’ therapies will be critical.
This highlights the important role of translational medicine and the availability of
biomarkers for earlier proof of mechanism or clinical concept, as well as the need
for novel nonclinical safety strategies that rapidly advance candidates to the clinic.
Concepts that will be highlighted include 1) the importance of applying available
target knowledge and it’s limitations in predicting optimized target combinations
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and possible safety risks; 2) predicting and assessing PK/PD, immunogenicity and
the tissue distribution of novel bispecific constructs beyond conventional mAbs; 3)
considerations for species selection and 5) the development or selection of translatable biomarkers for multitarget engagement and safety. This closing overview will
attempt to summarize important learnings and provocative future concepts presented from previous speakers. This includes the challenges associated during lead
optimization in balancing the need to identify quality lead clinical molecules while
optimally integrating multitarget nonclinical species cross-reactivity, mining and
understanding network biology of the selected targets in the disease patient population and its implications for nonclinical safety assessment, and predicting therapeutic index and safety outcomes of a novel bi-specific molecule with known liabilities
for an individual target in the combination. Lastly, reflections on regulatory perspectives and issues will be summarized.
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THE ALLERGENICITY AND IMMUNOMODULATORY
EFFECT OF FOOD SUBSTANCES.

A food allergy is a reaction of the immune system to an otherwise harmless protein
in food. Typically, such food allergic reactions are mediated by IgE and occur in
atopic individuals who are genetically predisposed to allergy and who have been
previously sensitized to the allergen. The incidence of food allergy ranges from approximately 1%–2% in adults and 6%–8% in children. The normal immune response to dietary proteins is associated with the induction of oral tolerance, a state
of active inhibition of immune responses to an antigen by means of prior exposure
to that antigen via the oral route. The mechanism(s) responsible for the development of oral tolerance are still the subject of research and debate. This symposium
will present several hypotheses regarding the role that dietary triglycerides and synbiotics may play in the development of oral tolerance as well as the role immunomodulating factors (e.g., environmental factors) may play in breaking oral
tolerance to protein allergens. Additionally, the structural and functional biology of
allergenic food proteins will be discussed along with in vitro models to predict the
potential crossreactivity of food proteins.
STRUCTURAL AND FUNCTIONAL BIOLOGY OF
ALLERGENIC FOOD PROTEINS.

H. Breiteneder. Department of Pathophysiology and Allergy Research, Medical
University of Vienna, Vienna, Austria. Sponsor: G. Ladics.
A limited number of protein architectures give rise to proteins with an allergenic
potential. Such allergens can be found in only 2% of the presently assigned protein
families. Much attention has been focused on defining the molecular characteristics
that allow allergens to interact with pathways of the innate immune system resulting in the elicitation of T helper cell 2 responses and subsequent IgE production
and allergy. Such molecular features include inherent protease activity, certain glycosylation patterns and the ability to bind lipids. Allergic sensitization results from
the interplay of certain features of an allergenic protein with epithelial and dendritic cells of a genetically predisposed individual. Studies have indicated the immunomodulatory effects of food allergens using co-culture systems of epithelial,
dendritic and T-cells. These cells differ in their response to allergens depending on
whether they are derived from an allergic or a non-allergic individual.

The prevalence of atopic diseases has increased significantly during the last decades
in developed countries. The composition of the intestinal flora plays a potential role
in the development of the infant’s immune system. Evidence in infants indicates
that the composition of the microflora might relate to the induction and severity of
allergies. Therefore, modulation of the microbiota has been investigated intensively
as one of the novel anti-allergy strategies. Human milk is full of components that
can influence the immune system. Prebiotics are non-digestible oligosaccharides
(OS) present in human milk in large amounts that promote the growth and activity
of commensal bacteria, mainly Bifidobacteria. Based on the analysis of human milk
OS, a specific prebiotic OS mixture of 90% short chain galacto-oligosaccharides
and 10% long chain fructo-oligosaccharides has been developed. The immune
modulatory effects of this specific OS mixture and its combination with the probiotic strain Bifidobacterium Breve M-16 (synbiotics) in several in vitro, animal and
clinical trial studies will be discussed. Findings demonstrate that oral administration of specific OS or a synbiotic mixture appears to modulate the immune system.
Future research aims at the identification of the underlying mechanisms and at further examination of the relationship between early supplementation and effects
later in life.
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FOOD ALLERGY AND THE ROLE OF DIETARY
TRIGLYCERIDES IN SENSITIZATION AND
ANAPHYLAXIS AGAINST DIETARY ANTIGENS.

E. Eckhardt. University of Kentucky, Lexington, KY. Sponsor: G. Ladics.
It is unclear why some become sensitized to innocuous dietary proteins and start
producing IgE against these proteins. Based on mouse experiments it has been suggested that microbial toxins in the gut may act as adjuvants. Peanuts and other
sources of allergens, such as dairy products and nuts, contain significant amounts of
triglycerides (“fat”), which are rapidly hydrolyzed into fatty acids in the upper small
intestine. Different fatty acids have different detergent and pharmacological properties, which could affect immune responses to concomitantly ingested antigens by
affecting intestinal antigen absorption or intestinal immune cell phenotype. We investigated the effect of different dietary fatty acids on sensitization and anaphylaxis
against food antigens in mice. It was observed that mice could be sensitized to
peanut protein by a single gavage of peanut butter of which the natural triglycerides
were replaced with a source of natural fats that bypass lymphatic fat transport via
chylomicrons. The sensitization did not require addition of mucosal adjuvants and
could also be achieved when a pharmacological inhibitor of chylomicron formation
was added to the original fat (peanut oil). The allergenic natural fat source stimulated Th2 cytokine expression (TSLP, IL-25 and IL-33) by jejunal epithelial cells.
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FOOD SENSITIZATION AND ITS INDUCTION BY
IMMUNOMODULATING FACTORS.

T. Shindo. Food and Drug Safety Center, Hatano Research Institute, Hadano, Japan.
Sponsor: G. Ladics.
Sensitization to food allergens via the oral route in rodent models is difficult to obtain due to the development of oral immune tolerance. Some dietary oils and antiinflammatory drugs have been known to augment allergic symptoms of patients
with food allergy. Considering such factors which could promote any sensitizing
process of allergenic proteins, a novel in vivo sensitization mouse model has been
developed using dietary and environmental factors (dietary oil emulsion and salicylate). Anaphylactic response to an allergenic protein challenge in mice can be induced when orally administered the food protein together with the modulating factors at the sensitization. An initial response to allergenic protein in the model is
observed in Peyer’s patch cells. The mechanisms of food allergenicity in the mouse
model will be discussed. Moreover an in vitro sensitization system using mouse
Peyer’s patch cell cultures will be discussed for evaluating allergenicity of food proteins.
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ANTIALLERGIC EFFECTS OF A SPECIFIC MIXTURE OF
OLIGOSACCHARIDES OR COMBINED WITH A
PROBIOTIC STRAIN (SYNBIOTICS).

L. Knippels. Centre for Specialised Nutrition, Danone Research, Wageningen,
Netherlands. Sponsor: G. Ladics.

G. Ladics1 and R. Teshima2. 1DuPont Co., Wilmington, DE and 2National Institute
of Health Sciences, Tokyo, Japan.
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The significant upregulation of these cytokines compared with control fats might
help explain the adjuvant-like effect of the allergenic fat. Whereas chylomicron formation during antigen feeding prevented allergic sensitization, it also protected
from orally induced anaphylaxis in sensitized mice. Thus, dietary fat may play a key
role in the sensitization and effector phases of food allergy, which is relevant in light
of the large amounts of fat that are consumed during lactation and during infancy,
when the intestine is first exposed to dietary antigens.

IN VITRO PROVOCATION STUDY.

R. Nakamura. Division of Novel Foods and Immunochemistry, National Institute of
Health Sciences, Tokyo, Japan. Sponsor: G. Ladics.
For the detection of allergen-specific IgE in sera, solid-phase IgE-binding assays like
the CAP test are commonly used. Although such immunochemical methods are
very sensitive, they frequently produce false positives. Degranulation of the human
IgE receptor (FcεRI)-transfected rat mast cell (RBL) lines appears to be a promising
alternative indicator for detecting antigen specific human IgE and will be discussed
in detail. Briefly, the nuclear factor of activated T-cells (NFAT)-responsive luciferase
reporter gene was stably transfected into human FcεRI-expressing RBL-SX38 cells.
One established clone (RS-ATL8) was sensitized with 1:100 dilution of sera from
patients with egg white allergy and then stimulated with purified or a crude extract
of egg white allergen. Sensitization with 15 pg/ml IgE was sufficient to detect IgE
crosslinking-induced luciferase expression (EXiLE) by anti-IgE stimulation.
Allergen-specific EXiLE was elicited by as little as 1fg/ml of egg white protein without cytotoxicity. There was a good correlation between results with EXiLE and oral
food challenge tests P = 0.001687, Fisher’s Exact Test) on patients with egg allergy.
The measured values of EXiLE and the CAP test also correlated well (R= 0.9127,
Spearman’s test). The EXiLE test using RS-ATL8 cells is a promising in vitro IgE
provocation test to evaluate the cross-reactivity of an allergen or novel protein to
other allergens and the physicochemical stability of these proteins.
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THE TOXICOLOGICAL IMPACT OF METALS, CRUDE
OIL, AND CHEMICAL DISPERSANTS FROM THE GULF
OF MEXICO OIL CRISIS ON HUMAN AND WILDLIFE
HEALTH.

J. P. Wise1 and J. Griffitt2. 1Maine Center for Toxicology & Environmental Health,
University of Southern Maine, Portland, ME and 2Department of Coastal Sciences,
University of Southern Mississippi, Hattiesburg, MS.
The 2010 Gulf of Mexico oil crisis was the worst environmental pollution disaster
in US history. By the time the well was capped, more than 200 million gallons of
crude oil poured into the Gulf over an 87-day period. To combat the crisis, a marine toxicology strategy was deployed to decrease the toxic potential of the crisis to
inshore species by increasing the toxic potential to offshore species. Thus, over two
million gallons of chemical dispersants were applied to the oil, which prevented oil
accumulation at the ocean surface and, instead, moved it into the water column
and onto the ocean floor. This approach decreased the amount of surface oil reaching inshore waters and beaches. However, it is unclear if it ultimately decreased toxicity to inshore species because the acute and chronic toxicity of dispersants, dispersed oil, and oil-related metals in the water column are unknown. Also unknown
are the toxic outcomes of this approach for offshore species. During this session our
panel of experts will present and discuss some of the first studies to evaluate the impact of this toxicological strategy considering the toxicity of crude oil, dispersants,
dispersed oil, and oil-related metals on benthic and pelagic species using a combination of field and laboratory studies. Species presented will span from microbes
and invertebrates, to fish and whales with some consideration of human health effects. Outcomes discussed will range from simple survival studies to more subtle effects on reproduction and DNA integrity.
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THE DEEPWATER HORIZON DISASTER.

I. Kerr1, 3 and J. P. Wise1, 2, 3. 1Ocean Alliance, Lincoln, MA, 2Wise Laboratory of
Environmental and Genetic Toxicology, University of Southern Maine, Portland, ME
and 3Maine Center for Toxicology & Environmental Health, University of Southern
Maine, Portland, ME.
The Deepwater Horizon Disaster (also referred to as the BP oil spill, the Gulf of
Mexico oil spill, the BP oil disaster, or the Macondo blowout) occurred on April
20th 2010. Methane gas from the Macondo wellhead (that was being closed off )
leaked up onto the drill rig and exploded, killing 11 people and starting the largest
ocean toxicology experiment in the world. The well released approximately
250,000 gallons of oil a day totaling just over 205 million gallons in the 3 months
before it was capped. Over 2 million gallons of methane gas was also released along
with another 2 million gallons of oil dispersant that was pumped into the Gulf to
diminish the impact of the spill. Many are now concerned that from a wildlife perspective the unbridled use of dispersant could have exacerbated the situation instead of helped it. While the full effects of this disaster will take years to play out,
the spill caused widespread damage to offshore and inshore wildlife habitats as well
as impacting the Gulf ’s fishing and tourism industries. As of the one-year anniversary of the disaster, public interest in the spill had dropped to zero while many scientists remain deeply concerned that the true effects of the largest oil spill in human
history are yet to be seen.
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MICROBIAL DEGRADATION OF OIL AND GAS
FOLLOWING THE MACONDO BLOWOUT.

S. Joye1, M. Crespo-Medina1, K. Hunter1, A. Vossmeyer1, L. Beer1, M.
Bowles1, V. Asper2, A. Diercks3, A. Teske4, J. Montoya5, C. Arnosti4, C.
Benitez-Nelson6, J. Brandes7, W. Moore6, U. Passow8, A. Subramaniam9, T.
Wade10, K. Zeirvogel4 and R. Highsmith11. 1Department of Marine Sciences,
University of Georgia, Athens, GA, 2University of Southern Mississippi, Hattiesburg,
MS, 3University of Mississippi, University, MS, 4University of North Carolina at
Chapel Hill, Chapel Hill, NC, 5Georgia Institute of Technology, Atlanta, GA,
6University of South Carolina, Columbia, SC, 7Skidaway Institute of Oceanography,
Savannah, GA, 8Marine Science Institute, University of California Santa Barbara,
Santa Barbara, CA, 9Lamont-Doherty Earth Observatory, Columbia University,
Palisades, NY, 10Geochemical and Environmental Research Group, Texas A&M
University, College Station, TX and 11National Institute for Undersea Science &
Technology, University of Mississippi, Abbeville, MS. Sponsor: J. Wise, Sr..
Approximately 5,000,000 barrels of oil were injected into the Gulf of Mexico system during the BP oil well blowout. We evaluated the impact of oil on microbial
distributions and activities along the seafloor during three cruises, in early May
2010, in August-September 2010, and in December 2010. In the May cruise, little
evidence of weathered oil deposition was observed and rates of sediment microbial

activity (sulfate reduction and anaerobic oxidation of methane) were low, indicating
little input of exogenous organic carbon. During the September cruise, surficial layers from 1 to 10 cm thick containing weathered oil entrained within an organic matrix were observed across a large area. Radioisotopic, sediment trap, and photographic evidence suggest a recent, significant sedimentation event at substantial
distances from the wellhead. Sedimentation of weathered oil-containing material to
the seafloor altered microbial metabolism and abundance and appeared to have
lethal affects on benthic infaunal communities. The full impacts of weathered oil
deposition on sensitive chemosynthetic habitats remains to be fully documented
but the consequences could be substantial.
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ASSESSING THE IMPACT OF CHEMICAL OIL SPILL
DISPERSANTS ON CORALS.

C. Mitchelmore. Chesapeake Biological Laboratory, University of Maryland Center
for Environmental Science, Solomons, MD.
Following the Deepwater Horizon oil leak in April 2010 intense scrutiny was
placed on the use of oil spill chemical dispersants, from the types used, their novel
application directly at the wellhead and the length of time they were used. This specific incident also raised issues regarding the numerous data gaps and uncertainties
on their impacts on organisms, especially in the long-term, to many understudied
and sensitive taxa, such as, corals. If an oil spill occurs near a coral reef, difficult
trade-off decisions must often be made between habitats and species. To better understand the risks to specific species laboratory tests are often used to aid in this
complex decision making process. To attempt to fill some of these data gaps, we
have carried out short-term laboratory exposures (followed by long-term recovery
assessments) of corals to oil (light crude), dispersants (including Corexit 9500 and
9527 and other alternates) and dispersed-oil using environmentally realistic, controlled and fully-chemically characterized test solutions. In comparison to other
marine species, our data shows that the soft coral (Xenia elongata) is impacted at
the molecular, cellular, behavioral through population level by short-term (<8hr),
low levels (ppm) of dispersant and chemically-dispersed oil. Exposure to oil components occurred from both the dissolved and particulate oil phases resulting in delayed mortality and a variety of sub-lethal biological effects. Significant differences
were observed depending upon the type of dispersant used.
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EFFECTS OF DISPERSED OIL ON LARVAL
SHEEPSHEAD MINNOWS.

J. Griffitt, N. Brown-Peterson and I. Boube. Department of Coastal Sciences,
University of Southern Mississippi, Hattiesburg, MS. Sponsor: J. Wise, Sr..
Larval Sheepshead minnows (1 dpf ) were exposed to 0, 0.1, or 1.0 % Water
Accommodated Fraction (WAF) for 3 weeks. Endpoints assessed were hatching
success, larval length, and CYP1A1 induction. WAF was produced according to established protocols. Briefly, we mixed 7180 ml ASW, 800 ml crude oil, and 20 ml
Corexit 9500 for 96 hours. The mixture was allowed to separate for 4 hours, and
the WAF fraction aspirated and placed in amber bottles, and stored at 4C until use.
Samples of WAF were analyzed for PAH content by MicroMethods. Our results indicate that 1.0% WAF had a significant impact on hatching success, as hatch success was significantly reduced beginning at 120 hours post fertilization (hpf ), and
continuing through to 216 hpf. At 216 hpf, 1.0% WAF produced approximately a
10% reduction in total hatch success. After hatching, juvenile SHM were exposed
to 0, 0.1, or 1.0% WAF for another 14 days. At the end of 14 days, individuals were
sacrificed, and length and CYP1A1 activity assessed. The length data indicates that
there was a significant (approximately 10%) reduction in length in both WAF treatments compared to controls. CYP1A1 activity is still being assessed by qPCR. Our
results indicate that relatively low concentrations of dispersed oil offer the possibility of altering growth and reproduction dynamics in an ecologically sensitive member of the Mississippi estuarine community.
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WEATHERING AND DISPERSION OF CRUDE OIL
ALTER ITS TOXICITY IN THE EURYHALINE TELEOST,
FUNDULUS GRANDIS.

G. Mayer1, A. Nyman2, F. Galvez3 and C. Green2. 1The Institute of
Environmental & Human Health, Texas Tech University, Lubbock, TX, 2School of
Renewable Natural Resources, Louisiana State University, Baton Rouge, LA and
3Department of Biological Sciences, Louisiana State University, Baton Rouge, LA.
Approximately 6.9 million liters of dispersant were applied in the Gulf of Mexico
inresponse to the Deepwater Horizon oil spill with ~4 million and 2.9 million liters
deployed bysurface and sub-sea applications, respectively. Formulations of
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COREXIT®, a family of oildispersants, were the primary agents utilized in this effort. The acute toxicity of these dispersants is established, but the synergistic effects
of weathering and salinity on these oil/dispersant mixtures in aquatic biota are not
well known.Advocates of dispersant use assume that dispersed oil increases toxicity
at the site of dispersion(less productive, deeper waters) but reduces toxicity in more
productive, inshore habitats byaccelerating the biodegradation of dispersed oil such
that less oil reaches more productiveshallow waters. However, these assumptions do
not consider the possible synergistic effects ofweathered oil and dispersant in variable saline environments on the bioavailability and toxicity tocoastal fish. The goals
of this project were to investigate the effects of dispersant and salinityon the degradation of South Louisiana Crude Oil, and the interactive effects of varying
oildegradation on the toxicological, physiological, and genotoxic responses in an estuarine fishcommon to Louisiana’s coastal marshes.
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THE GULF OF MEXICO OFFSHORE TOXICOLOGY
STUDY.

J. P. Wise1, 2, 3, I. Kerr2, 3, J. P. Wise1, 2, 3, C. F. Wise1, 2, 3, S. S. Wise1, 2, 3, J.
Wise1, 2, 3, C. Gianios1, 2, 3, B. Wallace3, S. Huang1, 2, 3, C. LaCerte1, 2, 3 and A.
Holmes1, 2, 3. 1Wise Laboratory of Environmental and Genetic Toxicology, University
of Southern Maine, Portland, ME, 2Maine Center for Toxicology & Environmental
Health, University of Southern Maine, Portland, ME and 3Ocean Alliance, Lincoln,
MA.
The 2010 Gulf of Mexico oil crisis began 50 miles offshore in more than 5,000 feet
of water. It released approximately 200 million gallons of oil into the Gulf and was
the worst marine oil spill in U.S. history and one of the worst in world history. At
least 2 million gallons of chemical dispersants were administered to the oil in order
to reduce its impact on coastlines and inshore waters. This approach was the first
use of these chemicals on such a massive scale. In addition, the oil and dispersants
contained metals including genotoxic metals like chromium and nickel. The toxicity of the dispersants, dispersed oil and metals mixed with dispersants and oil is
poorly understood. It is still unclear, from a scientific point of view, whether application of dispersants was successful or not. States like Maine and others with large
oil-related activity face significant risks of large oil spills. Thus, it is essential to learn
the necessary lessons from this crisis. To address this need, we are conducting The
Gulf of Mexico Offshore Toxicology Study. This multiyear study uses this crisis as a
case study of oil pollution and seeks to understand the impacts of chemical dispersants, crude oil, dispersed oil and oil-related metals on marine life and human
health. It focuses on whales as representative species because they integrate all
routes of exposure, serve as sentinels for human health, and are important in the
ocean ecosystem. It studies the accumulation of these agents in whales and their environment and considers their impact on DNA in cultured whale and human cells.
Initial data indicate high levels of chromium and nickel in both the whales and tar
balls collected from the crisis. When complete, it will provide insight into the toxic
effects of these agents in offshore waters.
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CAUGHT IN THE ACT: FREE RADICAL DETECTION
AND IMPLICATIONS IN PATHWAYS TO TOXICITY.

A. Siraki. University of Alberta, Edmonton, AB, Canada.
Free radicals are known to cause a multitude of effects in living systems, which span
the spectrum of blunt injury to signal transduction pathways. Although it is important to understand the result of oxidative stress in toxicological pathways, the astute
identification of the specific free radical initiators and mediators can provide insight
into the source(s) of these species and their modulation, and their unique downstream targets that lead to activation of toxicity pathways. There are many diverse
methods that are used to detect free radicals such as ROS (qualified as oxidative
stress) but the diversity in the quality of data obtained can vary considerably. This
session will focus on characterizing the free radical intermediates themselves and
describe the consequences of their generation in terms of toxicological effects.
These methods will be used to demonstrate the importance in making an association with a particular oxidant with specific toxic outcomes. We will discuss the various approaches to determine free radical species and highlight their advantages,
disadvantages, and where improvements can be made. There are many issues to
consider including electron paramagnetic resonance (EPR) spectroscopy which is
considered the gold standard for free radical detection and identification but entails
technical challenges and specialized expertise. Analytical methods such as HPLC
and MS represent a more general approach but likely require previous findings with
EPR to rationalize their use. Spectrophotometric and fluorimetric assays are quite
popular, but either lack specificity or exaggerate findings due to the detection of artifacts. More recently, the detection of free radicals on macromolecules (protein,
DNA) by immunoassays has presented an unprecedented opportunity to sensitively
observe free radicals in vitro and in vivo. The discussions will focus on when and
where each approach succeeds and fails and how each technique can be used to
identify specific free radicals in pathways to toxicity.
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THE QUINONE/SEMIQUINONE/HYDROQUINONE
TRIAD: FREE RADICAL FORMATION VERSUS THIOL
CONJUGATION IN TOXICITY.

G. Buettner. University of Iowa, Iowa City, IA. Sponsor: A. Siraki.
The quinone/semiquinone/hydroquinone triad is a class of compounds are at the
heart of the chemistry for a wide range of toxicants as well as natural biological
processes. Substituents on the quinone ring can significantly influence the electron
density “on the ring” and thus modify the reactivity of the members of this triad.
The species have a rich oxidative chemistry, producing hydrogen peroxide, superoxide and covalent adducts via reductive addition. Members of the triad have a wide
range of reactivity in this chemistry. Here I present a quantitative approach to predicting the dominant chemistry of each member of the triad for a broad range of
these compounds. I present how EPR, oxygen uptake, and kinetic modeling allow
the unravelling of pathways to free radical and related oxidant production which
are involved in their pathways to toxicity.
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ENZYMATIC FUNCTIONS DEFINED BY TRACKING
REDOX REACTIONS: THE EXAMPLE OF MANGANESE
SUPEROXIDE DISMUTASE.

M. G. Bonini. University of Illinois at Chicago, Chicago, IL. Sponsor: A. Siraki.
This talk will be focused on unraveling an unreported peroxidase activity of manganese superoxide dismutase (MnSOD). The peroxidase activity of SOD is known
to catalyze the formation of highly reactive carbonate radicals from hydrogen peroxide and endogenous bicarbonate. The demonstration of this peroxidase function
and its effects in engaging cellular survival pathways involves the application of new
and established redox biology techniques such as electron paramagnetic resonance
(EPR), immuno-spin trapping and fluorescence based imaging. This approach constitutes an example of how complementary techniques that allow for the study of
redox reactions in cells facilitated the tracking of an intrinsic enzymatic function
that is revealed when MnSOD is upregulated within mitochondria.
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INTRA AND INTERCELLULAR SIGNALING PATHWAYS
AS MODULATORS OF FREE RADICAL TOXICITY.

L. Klotz. University of Alberta, Edmonton, AB, Canada.
Free radicals may initiate cellular signaling cascades that ultimately result in the
modulation of gene expression, intercellular communication or cellular survival.
Therefore, such signalling cascades may both contribute to and antagonize free radical toxicity. This presentation will (i) provide examples of the modulation of intraand intercellular communication pathways by xenobiotics via the formation of free
radicals. (ii) It will focus on which factors dictate whether a signalling cascade alleviates or enhances an adverse free radical effect. (iii) Finally, as signalling cascades
may be regarded innate cellular sensors of stressful stimuli, it will be asked whether
and in how far the stimulation of a signalling cascade may serve as a marker of free
radical formation and action, (e.g., during exposure to xenobiotics).
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FREE RADICALS AND OXIDIZED
MACROMOLECULES: ROLES IN BIOMARKER
TOXICOLOGY.

M. Kadiiska. NIEHS/NIH, Research Triangle Park, NC.
Antioxidants and various oxidation products of lipids, proteins and DNA in plasma
and urine of experimental animals with diverse oxidative exposures were measured
as part of a comprehensive, international multilaboratory validation study searching for non-invasive biomarkers of oxidative stress in health and disease. The goal of
the study was to find markers of oxidative stress that are applicable to different oxidative insults and measurable in stored specimens. The focus of this presentation
will be on comparing findings from measurement of oxidative stress in experimental animal models of CCl4 poisoning, ozone exposure, and LPS treatment. The
time and dose-dependent effects of all these oxidative insults on plasma and urine
concentrations of lipid hydroperoxides, TBARS, malondialdehyde (MDA) and isoprostanes were investigated with different old and new techniques. Measures of oxidative products of proteins - protein carbonyls, methionine sulfoxidation, tyrosine
oxidation products and DNA- strand breaks, 8-OH-dG, M1G were carried out as
well. A discussion relating to the relevance of this array of biomarkers will be presented to conclude which biomarker(s) is/are the most suitable for the determination of oxidative stress in vivo due the known toxicity pathways of xenoiobtic toxicants.
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DISTINGUISHING FREE RADICAL METABOLITES OF
AROMATIC AMINE DRUGS BASED ON REACTIVITY
AND THEIR POTENTIAL IN VIVO TOXICITY.

A. Siraki. University of Alberta, Edmonton, AB, Canada.
Free radical metabolites of drugs generally receive less attention than more stable
electrophilic metabolites. The pathways to free radical metabolite formation are
well known but determining the consequences of their reactions with cellular targets that leads to toxicity requires considerable effort. I will demonstrate the formation of two distinct free radical metabolites (N-centered radicals and carbon-centered phenyl radicals) from aromatic amine drugs and determine their presence
through their reactions with various cellular molecules. I will illustrate these concepts by emphasizing how studies with electron paramagnetic resonance (EPR)
spectroscopy, oxygen analysis, HPLC, and immunoassays can be used to carry out
these studies. I will demonstrate how these reactions are potentially involved in the
pathways to haematological toxicity associated with the aromatic amine drug class.
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CHELATION THERAPY: A FOCUS ON THE RISKS AND
BENEFITS.

C. Herbrandson1 and R. Wang2. 1Minnesota Department of Health, St. Paul, MN
and 2National Center for Environmental Health, CDC, Atlanta, GA.
Chelation is a very important therapy to lessen the occurrence of health consequences from the exposure to high levels of metals including selected radionuclides.
However, the efficacy of treatment long after exposure has not been consistently
demonstrated. Chelation in cases where exposures are limited can compromise
health. Furthermore, chelation has been used in attempts to treat diseases for which
it has not been proven effective (e.g., arteriosclerosis and autism). On the surface,
the idea of removing toxic metals from the body is appealing, but serious health
consequences can occur when chelation is improperly used. Consideration of the
perspectives of medical and public health practitioners on chelation practices are
important.
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CHELATION THERAPY AT DIFFERENT STAGES OF
LIFE.

≥ 100 μg/dL. The World Health Organization (WHO) is currently updating their
recommendations for chelation therapy. However, chelation therapy is not without
its risks and deaths from the treatment have been described in the literature, most
recently 3 deaths attributed to the use of Na EDTA to treat lead poisoning, arteriosclerosis and autism. Chelating agents are available on the internet and have only
recently come under scrutiny by the US Food and Drug Administration (FDA).
This presentation will provide information on the use of Succimer to reduce blood
lead levels among children whose levels were extremely high, provide an update on
the WHO chelation recommendations and information from FDA regarding offlabel use of chelation medications.
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EXPERIMENTAL EVIDENCE OF EFFICACY AND
HARM: THE GOOD AND BAD OF CHELATION
THERAPY.

D. Smith1, S. A. Beaudin1, M. Luck2, R. Lasky3, N. Laughlin2 and B. Strupp4.
1Environmental Toxicology, University of California Santa Cruz, Santa Cruz, CA,
2Harlow Primate Laboratory, University of Wisconsin-Madison, Madison, WI,
3Center for Clinical Research and Evidence-Based Medicine, University of Texas
Houston, Houston, TX and 4Psychology, Cornell University, Ithaca, NY.
This presentation will integrate recent rodent and primate model findings on the
action and efficacy of succimer chelation for reducing cognitive and behavioral
deficits due to Pb exposure, and the association of these outcomes with reductions
in tissue (blood, brain) lead levels – the former being the hallmark of clinical evaluation of chelation efficacy. As evidence mounts that even slightly elevated Pb levels
are associated with impaired cognitive functioning and behavior problems in children, there may be growing pressure for clinicians to prescribe chelation therapy at
only moderately elevated blood Pb levels. Chelation therapy is also used in off-label
applications without clear indication of heavy metal poisoning, such as in the treatment of children with autism spectrum disorder (ASD) and other disorders. Our
recent studies in both rodent and primate models of childhood Pb poisoning found
that succimer was efficacious in ameliorating some areas of Pb-induced cognitive
and affective dysfunction, and that these benefits were not directly associated with
reductions in blood or brain Pb levels. Alarmingly, our studies have also shown that
succimer treatment of animals not previously exposed to Pb produced significant,
lasting neurobehavioral deficits. These findings substantiate the potential efficacy of
succimer in Pb-poisoned children, and they raise concerns over the safety of the
drug when administered in the absence of Pb poisoning, as is generally the case
with ASD children.

D. A. Cory-Slechta. Department of Environmental Medicine, University of Rochester
Medical Center, Rochester, NY.
Chelating agents bind metals and lead to their excretion, making them particularly
useful agents for the treatment of metal poisoning. Over the past several years, the
use of chelating agents has been increasingly touted to cure or prevent cardiovascular disease, atherosclerosis, strokes, etc. However, chelating agents are not selective
for toxic metals, and the kinetics of essential metals change with aging, a stage of
the life cycle that involves such off-label use, raising questions about the efficacy of
chelation treatment at different stages of the life cycle. Through mobilization of essential metals or other mechanisms, moreover, chelating agents may cause adverse
effects of their own. Based on work carried out in our laboratory over the years
using rodent models, this presentation will describe studies that highlighted the
lack of efficacy of CaEDTA to reverse behavioral effects in young adults associated
with early life lead exposures as well as the association of CaEDTA and DMSA with
tissue distribution of lead and the elimination of other essential metals.
Corresponding outcomes related to tissue distribution and re-mobilization in response to CaEDTA from a non-human primate model will also be shown.
Additionally, differences in tissue distribution and urinary excretion of metals in response to CaEDTA and to DMSA chelation in relation to age in a rodent model
will be presented, based on 5 day chelation protocols that followed a 6 mos period
of lead exposure that began in young (21 day old) adult (8 mos) and old rats (16
mos) rats and was designed to produce equivalent blood leads across the age groups.
Collectively, such findings raise concerns about the efficacy of chelation during
aging particularly in relation to enhanced excretion of essential metals at a time
when GI uptake of essential nutrients and metals is reduced.
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CHELATION THERAPY—A CAUTIONARY TALE.

M. Brown and D. Corey Slecta. CDC, Atlanta, GA.
Chelation therapy is a life saving treatment for childhood lead poisoning. This was
recently demonstrated in an outbreak in Northern Nigeria where morbidity from
lead poisoning was reduced from approximately 40% to less than 1% when
Succimer™ became available to treat symptomatic children with blood lead levels
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CHELATION CONTROVERSY: WHAT DOES THIS
LABORATORY TEST MEAN?

C. A. McKay. Division of Medical Toxicology, Department of Emergency Medicine,
University of Connecticut School of Medicine, Hartford, CT. Sponsor: R. Wang.
The use of chelation therapy for unproven indications such as ambient exposure to
environmental chemicals has increased despite the lack of scientific basis for this
and other unsubstantiated indications, such as arteriosclerosis or thimerosal-attributed developmental delays. This discussion will focus on the importance of hazard
identification, appropriate patient preparation, laboratory selection, and interpretation of results in order to avoid misdiagnosis and inappropriate treatment.
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CHELATION FOR HEAVY METAL INTOXICATION: A
MEDICAL TOXICOLOGY PERSPECTIVE.

M. J. Kosnett. Division of Clinical Pharmacology & Toxicology, University of
Colorado School of Medicine, Denver, CO.
Heavy metal intoxication that requires the therapeutic administration of chelating
drugs is generally regarded by the medical toxicology community to represent a serious and urgent illness that is rarely encountered in the developed world today.
However, data recently collected by the CDC suggests that well in excess of
100,000 patients receive chelation in the United States each year, a volume orders
of magnitude higher than the number of cases likely treated with the assistance of
medical toxicologists, occupational medicine specialists, or poison control centers.
There is a wide disconnect between the indications for chelation accepted by the
medical toxicology community and those adhered to by certain other providers in
clinical practice, possibly a consequence of the lack of extensive clinical studies, and
the perception that chelation is a treatment with a low risk of adverse effects. The
prompt use of chelating drugs to treat certain acute, life-threatening metal poisonings is an indication that is largely supported by experimental animal data and limited clinical research. Although the use of chelating agents for chronic intoxication
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may accelerate the excretion of heavy metals, the therapeutic value of this treatment
in terms of decreased morbidity and mortality is largely unestablished. Recent research suggests that the use of these drugs in such settings may be associated with
deleterious effects. Careful attention to risk-benefit issues is necessary, particularly
in clinical situations where the contribution of heavy metals to the patient’s illness
is in question.
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COOPERATIVE EPIDEMIOLOGY AND TOXICOLOGY
RESEARCH: HEI’S NATIONAL PARTICLE COMPONENT
TOXICITY (NPACT) INITIATIVE.

M. J. Campen1 and G. Sunshine2. 1University of New Mexico, Albuquerque, NM
and 2Health Effects Institute, Boston, MA.
In 2006, the Health Effects Institute (HEI) funded two major studies to address the
comparative toxicity of components of particulate matter (PM) at multiple places
across the United States where PM components and the sources of PM would differ. The goal of the program was to integrate toxicological and epidemiological approaches to address this issue. Both teams, one led by Sverre Vedal at the University
of Washington, the other by Mort Lippmann at New York University (NYU), investigated the effects of PM components on cardiovascular endpoints in the same
strain of mouse, ApoE knockout, but took contrasting approaches. In research conducted at Lovelace Respiratory Research Institute, Dr. Vedal’s team exposed the
mice to well-characterized, lab-generated pollutant atmospheres that included vehicular—diesel + gasoline engine emissions—resuspended road dust, and secondary nitrates and sulfate particles. Dr. Lippmann’s team exposed the mice to particles
concentrated from ambient air at four sites across the US. The NYU team also collected PM samples of different size ranges—ultrafine, fine, and coarse—at these
sites to evaluate cardiovascular effects in another strain of mice. The epidemiological analyses in both studies used well-established cohorts with participants throughout the US and with some overlap between the locations studied by both groups.
Dr. Vedal’s team focused on evaluating associations between long-term exposure to
PM components with cardiovascular endpoints in participants in the Multi-Ethnic
Study of Atherosclerosis (MESA) and Women’s Health Initiative (WHI) studies.
Dr. Lippmann’s team evaluated associations in multiple cities between PM components and daily mortality and hospital admissions endpoints, as well as between exposures to components and annual mortality in the American Cancer Society
(ACS) cohort. These integrated studies provide important lessons on how to design
and execute population and laboratory-based research in a cooperative manner.
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THE UNIVERSITY OF WASHINGTON (UW)-LOVELACE
RESPIRATORY RESEARCH INSTITUTE (LRRI) NPACT
INITIATIVE ON THE CARDIOVASCULAR HEALTH
EFFECTS OF PM2.5 COMPONENTS.

S. Vedal. Public Health, University of Washington, Seattle, WA. Sponsor: M.
Campen.
It is not known which components of fine particulate matter (PM2.5) are most
detrimental to human health. The UW-LRRI NPACT aims to identify toxic
PM2.5 component cardiovascular effects using both toxicologic and observational
approaches. The observational study component of NPACT focuses on estimating
individual-level long-term concentrations of PM2.5 components and makes use of
two cohorts: (1) the Multi-Ethnic Study of Atherosclerosis (MESA) and (2) the
Women’s Health Initiative (WHI).
Chemical speciation of PM2.5 was completed on cohort-oriented monitor samples
in the six MESA cities and used in spatio-temporal models to estimate concentrations of elemental carbon (EC), organic carbon (OC), sulfur and silicon for each
individual in the MESA cohort. Carotid intima-media thickness (CIMT) and coronary artery calcium (CAC), two subclinical markers of atherosclerosis, were the two
primary endpoints in MESA. Individual-level long-term concentrations of PM2.5
components in WHI were estimated from a national universal kriging model that
made use of Chemical Speciation Network data as well as land use and other geographic data. The primary endpoint in WHI was first cardiovascular disease (CVD)
event.
Early cross-sectional results from the MESA cohort show that OC and silicon, but
not EC or sulfur, were associated with increased CIMT, with weaker effects estimated for the presence of CAC. No PM2.5 component was associated with the degree of CAC. PM2.5, EC, OC and silicon, but not sulfur or nickel, were associated
with increased CVD mortality in early analyses in the WHI cohort. These initial
findings indicate that combustion-derived PM2.5 components, possibly from traffic emissions, as well as crustal PM2.5, may have more cardiovascular toxicity than
secondary inorganic aerosols. Upcoming work will assess longitudinal and source
effects in MESA.
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CARDIOVASCULAR TOXICOLOGY OF SIMULATED
COMPLEX AIR POLLUTION ATMOSPHERES.

J. D. McDonald1, M. Campen2 and A. K. Lund1. 1Toxicology Division, Lovelace
Respiratory Research Institute, Albuquerque, NM and 2Pharmaceutical Sciences,
University of New Mexico, Albuquerque, NM.
Epidemiological associations between air pollutants and cardiovascular mortality
have been reported in numerous studies. Contrasts in air pollution composition by
regional associations and exposure to specific types of sources of environmental air
pollutants may account for discrepancies among the epidemiological findings. To
examine the effects of these mixtures on progression of atherosclerosis, male ApoE/- mice, on a high fat diet, were exposed to different combinations of mixed vehicular emissions (MVE), filtered-MVE (F-MVE), inorganic ions including sulfates
(S) and nitrates (N), and also resuspended paved road dust (RD) to simulate contrasts in ambient exposure, and resulting vascular oxidative stress, physiologic function, and expression of molecular markers of atherosclerosis were assayed. Exposure
to MVE and MVE combined with PM, and to a lesser extent F-MVE, but not PM
alone, resulted in enhanced vascular constriction, as determine by myography, and
also vascular TBARS levels. Additionally, exposure to MVE resulted in a significant
elevation in expression of factors associated with progression of atherosclerosis, including endothelin (ET)-1 and matrix metalloproteinase (MMP)-2 and -9 expression and activity, which was further increased by combining secondary PM (S, N).
Exposure to MVE, and to a lesser extent F-MVE and MVE combined with secondary PM, also resulted in increased plasma oxidized low density lipoprotein
(oxLDL) levels and expression of its endothelial cell receptor, LOX-1. Increased expression of oxLDL and LOX-1 expression, with MVE exposure, was also correlated
with increased macrophage/monocyte (MOMA-2) infiltration in the arterial wall
and atherosclerotic plaque regions in ApoE-/- mice. These findings identify key
mechanistic pathways which may account for epidemiological findings of increased
cardiovascular morbidity and mortality resulting from exposure to air pollution and
provide insight as to which components of ambient air pollution are most toxic.
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OVERVIEW OF THE NEW YORK UNIVERSITY NPACT
INITIATIVE ON THE HEALTH EFFECTS OF PM
COMPONENTS.

M. Lippmann. Environmental Medicine, New York University, Tuxedo Park, NY.
Sponsor: M. Campen.
Our objectives were to: 1) to identify PM2..5 components and sources most closely
associated with acute and chronic health effects in humans, and in a mouse model
of atherosclerosis in US airsheds with a variety of PM2.5 compositions; and 2) explore comparative toxicity of coarse thoracic, accumulation mode, and ultrafine
PM collected in US airsheds following aspiration and in vitro exposures. For humans, we studied associations of daily mortality and hospital admissions with
PM2.5 mass, criteria pollutant gases, and PM2.5 component concentrations in 150
US cities, and annual mortality in the ACS cohort. For controlled toxicological
studies, we measured cardiac function and aortic plaque progression in a mouse
model of atherogenesis exposed to concentrated ambient PM2.5 (CAPs) for 6h/d, 5
d/wk, for 6 months. We also studied acute responses mice exposed to coarse, fine,
and ultrafine PM by aspiration, and cellular responses to in vitro exposures. We
found that: 1) There were both similarities and differences in the PM2.5 components associated with effects in human populations, in mice, and in cells in vitro; 2)
The most important similarity was the fact that specific components and sources
were more influential than PM mass in causing health-related responses; 3) The differences included the fact that different PM components and/or PM sources were
most influential in the responses seen in each host category; and 4) Further analyses
that are needed are underway, and the results will be included in the final NPACT
report and SOT meeting presentation.
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ALTERATIONS OF CARDIAC FUNCTION AND PLAQUE
PROGRESSION IN APOE−/− MICE BY SUBCHRONIC
INHALATION EXPOSURE OF CONCENTRATED
AMBIENT PM2.5: THE ROLES OF PM COMPONENTS
AND SOURCE CATEGORIES.

L. Chen. Environmental Medicine, New York University, Tuxedo Park, NY.
Ambient PM2.5 (particulate matter with aerodynamic diameters < 2.5 μm) is associated with alterations in the autonomic nervous system and cardiac function, but
there are significant response variations. We studied the effects of concentrated
PM2.5 (CAPs) and PM2.5 components in Seattle, WA (Sea), and compared the results with those obtained in simultaneous studies at the Mount Sinai School of
Medicine (MS) in Manhattan, NY, and at Sterling Forest (SF) in Tuxedo, NY.

ApoE−/− mice were exposed to filtered air (FA) or CAPs (average = 61,133, and
123 μg/m3 in Sea, MS and SF, respectively) for 6h/d, 5 d/wk for 6 months.
Electrocardiogram (ECG) tracings were monitored using telemetry (n = 8/group),
and atherosclerotic plaque progression (n = 8/group) by ultrasound biomicroscopy.
At MS and SF, but not at Sea, CAPs mass was associated with short-term changes in
heart rate (HR) and HR variability (HRV). At Sea, HR and HRV changes were associated with PM2.5 components from residual oil combustion > salt > wood combustion. In contrast, at MS, HR and HRV changes were associated with residual oil
combustion > long-range transport > soil. At SF, HR and HRV were associated
with long-range transport > Ni refinery > soil > residual oil combustion & traffic.
Thus subchronic CAPs exposures at locations with different particle compositions
produced different effects on cardiac function in ApoE−/− mice. In terms of atherosclerotic plaque progression, there were significant associations with PM2.5 mass
at MS & SF, but not at Sea.

1781

IN VITRO AND IN VIVO EFFECTS OF PM: INFLUENCE
OF SIZE, CITY, AND SEASON.

1783

QUALIFICATION OF PRECLINICAL BIOMARKERS OF
DILI: CURRENT GAPS, RESEARCH EFFORTS, AND
FUTURE DIRECTIONS.

W. Bailey. Merck & Co Inc., Fort Washington, PA.
The Hepatotoxicity Working Group (HWG) of the Critical Path Institute’s
Preclinical Safety Testing Consortium (PSTC) is identifying and qualifying biomarkers of DILI in preclinical species. The first PSTC efforts focused on four potential biomarkers that were readily identified and were of interest to the members.
Recently, the HWG has developed data investigating the usefulness of additional
analytes as biomarkers of hepatotoxicity. Arg1 and GSTα are among the promising
candidates, and the supporting data for these and other candidate biomarkers will
be discussed. Another area of interest to be discussed is markers of adaptation to
liver injury, which is being investigated through HWG-sponsored studies with
compounds that cause transient elevation of ALT or elevations that do not coincide
with histologic evidence of liver injury. The plans for translation of qualified biomarkers to clinical studies will also be discussed.

T. Gordon. Environmental Medicine, New York University, Tuxedo Park, NY.
A strong association between ambient PM and adverse health effects has been consistently reported. Because PM toxicity has shown differences depending on particle size, season, and location, it has become clear that mass concentration alone is
not the best indicator of PM-induced health effects. We hypothesized that differences in the PM composition account for these reported varied effects. A high volume cascade impactor was used to collect 360 size-fractioned PM samples from five
U.S. cities. In vitro analysis was conducted in a human pulmonary microvascular
endothelial cell line (HPMEC-ST1.6R) and a human bronchial epithelial cell line
(BEAS-2B). Results show that size and season have significant effects on reactive
oxygen species (ROS) formation when data are separated by city. For example, winter coarse samples from Los Angeles, CA elicited a greater production of ROS than
the corresponding summer samples, while the opposite was true for the fine and ultrafine samples. Following 6 and 24 h treatments with PM, mRNA abundance levels for markers of ROS and cellular inflammation also showed differences in expression depending on size, city and duration of exposure. The most notable
expression chain vivo murine model using oropharyngeal aspiration of PM. PMN
levels measured in BAL did not correlate with in vitro ROS production suggesting
that in vitro ROS production may not be the appropriate indicator of PM toxicity
in vivo. PM composition was identified by ICP-MS and correlations were made between specific constituents and biological endpoints. Our results support the hypothesis that the elemental composition of PM drives PM-induced health effects.
Future studies aim to link particular emission sources to measured PM effects via
source apportionment analysis.
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QUALIFICATION OF CLINICAL BIOMARKERS OF
DILI: CURRENT GAPS, RESEARCH EFFORTS, AND
FUTURE DIRECTIONS.

M. Merz. Preclinical Safety/Translational Sciences, Novartis, Basel, Switzerland.
Sponsor: D. Keller.
The goal of the Safer and Faster Evidence-Based Translation (SAFE-T) project of
the EU Innovative Medicines Initiative is to qualify translational safety biomarkers
for drug-induced kidney, liver and vascular injury in clinical studies and to seek regulatory acceptance of those markers for defined translational and clinical contexts.
The SAFE-T Drug-Induced Liver Injury (DILI) group is planning and conducting
clinical trials to investigate the utility of candidate biomarkers of DILI in humans.
This presentation will focus on the need for better clinical biomarkers of DILI, a
description of the biomarkers being investigated, and the data developed from the
first set of clinical trials. The relationship between discovery and qualification of
preclinical and clinical biomarkers will be discussed.
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MULTIPLE ‘OMICS APPROACH FOR ASSESSING
CLASSICAL AND IDIOSYNCRATIC
HEPATOTOXICANTS IN PRECLINICAL SPECIES.

W. Salminen. US FDA-NCTR, Jefferson, AR.
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PROGRESS IN DEVELOPING NEW BIOMARKERS OF
DRUG-INDUCED LIVER INJURY (DILI): WHAT YOU
DON’T KNOW CAN HURT YOU.

D. Keller1, I. Schuppe-Koistinen2, W. Bailey3, M. Merz4, W. Salminen5 and G.
Kenna6. 1Preclinical Safety, Sanofi US LLC, Bridgewater, NJ, 2Safety Assessment,
AstraZeneca, Södertälje, Sweden, 3Merck & Co Inc., Fort Washington, PA,
4Preclinical Safety, Translational Sciences, Novartis, Basel, Switzerland, 5US FDANCTR, Jefferson, AR and 6Safety Assessment, AstraZeneca, Macclesfield, United
Kingdom.
Current biomarkers of drug-induced liver injury (DILI) are able to identify damage
once it has occurred and when it becomes severe. Serum ALT and bilirubin are the
accepted standards for hepatocellular injury and impaired liver function, respectively. The use of combined ALT and bilirubin levels (Hy’s Law) is considered a useful hallmark of whether an individual drug may cause severe DILI, which results in
a 10–50% chance of transplantation or mortality. However, many patients who exhibit combined drug-induced ALT and bilirubin elevations do not develop severe
DILI but rather adapt; therefore these biomarkers do not reliably predict risk of severe liver injury in man. Also, during the preclinical drug development phase, ALT
can increase in the absence of injury and this can result in a program delay or termination. More specific markers that distinguish true injury from these false signals
would improve liver injury signal detection and provide novel therapies to patients
faster. The C-Path Preclinical Safety Testing Consortium and the IMI SAFE-T program are in the process of identifying and qualifying novel biomarkers of liver injury and function. Other liver biomarker discovery and qualification efforts are
under way in academic, industrial, and government laboratories, such as the
National Center for Toxicological Research. The greatest need is to find biomarkers
for adaptation to liver injury, and to identify patients who will progress to DILI before the injury is severe and resolve false ALT signals. Our panel of experts will provide information and foster discussion on the major needs for DILI biomarkers,
and highlight major areas of research under way on DILI biomarker discovery and
qualification efforts.

Idiosyncratic hepatotoxicity is a major cause of post-marketing drug removal.
Better biomarkers are needed to predict idiosyncratic hepatotoxicants before patients are exposed to the harmful drugs. This presentation will provide an overview
of a multiple ‘omics (genomics, proteomics, and metabolomics) approach being applied at the US FDA National Center for Toxicological Research to facilitate the
identification of idiosyncratic hepatotoxicants. It is hypothesized that by using
more sensitive multiple -omics endpoints, biomarkers will be identified that allow
better prediction of idiosyncratic hepatotoxicants in preclinical species. In addition
to the general study overview, this presentation will focus on recent microRNA and
metabolomics results that have been generated, particularly differential urinary
microRNA and metabolite profiles after toxicant exposure. The results from this
study will be published in the public domain to facilitate the identification of new
biomarkers.
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BIOMARKERS OF BSEP INHIBITION RELATING TO
DILI.

G. Kenna. Safety Assessment, AstraZeneca, Macclesfield, United Kingdom. Sponsor:
D. Keller.
The bile salt export pump (BSEP; ABCB11) is a major bile acid transporter.
Numerous drugs that inhibit BSEP are associated with liver injury in the clinic.
Frequently these drugs do not demonstrate evidence of liver injury in non-clinical
toxicity studies. Many pharma companies have developed in vitro assays which can
quantify and rank potency of inhibition of human BSEP and Bsep from various
other species. However, the relationship between in vitro BSEP/Bsep inhibition potency and risk of liver injury in the clinic is currently unknown. A translational biomarker of BSEP/Bsep inhibition is therefore required. One promising group of
candidates is bile acids, which are natural endogenous BSEP/Bsep substrates and
are present in plasma at elevated levels when bile flow is impaired. Once validated
biomarkers have been identified, these can be used in nonclinical animal studies to
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define in vivo safety margins. Translational Bsep/BSEP biomarkers may also be useful in clinical trials, to enable better assessment of risk of human liver injury posed
by candidate drugs which exhibit BSEP inhibition in vitro.
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NEW PREDICTIVE BIOMARKER PROFILES FOR
HUMAN DILI.

I. Schuppe-Koistinen. Safety Assessment, AstraZeneca, Södertälje, Sweden. Sponsor:
D. Keller.
More specific, sensitive and predictive DILI biomarkers are needed in drug R&D
to improve our toolbox for early detection of hepatotoxicity and the assessment of
human risk. Currently, few biomarker candidates are available from the literature
that have the predictive power to identify individuals at risk to DILI. Such markers
would represent a major advance in the development of drugs and a personalized
healthcare approach. A previous study in human volunteers designed to identify
predictive biomarkers for acetaminophen-induced hepatotoxicity in man identified
patterns of urinary metabolites that distinguished subjects susceptible to toxicity
from those who were not susceptible after the start of treatment. Here data are presented from serum analysis (~400 serum samples from 32 subjects across 14 days)
using metabolite profiling by mass spectrometry and protein profiling by antibody
suspension bead arrays. The data showed that both endogenous metabolite and
protein patterns from serum could be obtained that can identify individuals at risk
for mild DILI induced by acetaminophen. Most important, individuals at risk
could be identified using baseline samples prior to treatment start as well as during
treatment. The approach for further qualification of those findings will be discussed.
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Larkin1, 2, 4,

DEVELOPING A FUZZY NEURAL NETWORK MODEL
FOR PREDICTING THE INTERACTIVE EFFECTS OF
COMPLEX PAH MIXTURES ON THE CYP1B1
TRANSCRIPTIONAL REGULATORY NETWORK.
Siddens1, 4,

Krueger1, 4,

Tilton3, 4,

A. J.
L. K.
S. K.
S. C.
K. M.
Waters3, 4, W. M. Baird1, 4 and D. E. Williams1, 4. 1Environmental and Molecular
2
Toxicology, Oregon State University, Corvallis, OR, Statistics, Oregon State
University, Corvallis, OR, 3Computational Biology and Bioinformatics, Pacific
Northwest National Laboratory, Richland, WA and 4Superfund Research Center,
Oregon State University, Corvallis, OR.
Polycyclic aromatic hydrocarbons (PAHs), a source of concern for human health,
are a highly diverse group of chemicals commonly found in the environment within
complex mixtures. Large inter-site differences in environmental PAH mixture composition, in conjunction with a current lack of research regarding the interactive effects of PAHs, make it difficult for risk assessment groups and regulatory agencies
to determine the carcinogenic risk of environmental PAH exposure. It is the goal of
this project to characterize and predict PAH-mediated perturbations of the epidermal transcriptional regulatory network (TRN) using fuzzy neural network (FNN)
modeling. A human CYP1B1 model was constructed with 11 gene input-1 gene
output, in which the algorithm fuzzifies incoming gene expression levels into 3member fuzzy sets (low, medium, and high expression) and corresponding membership values are then evaluated by Mamadani logic functions to develop rules to
predict CYP1B1 expression. Microarrays from skin samples of mice dermally
treated with vehicle control toluene, benzo[a]pyrene, dibenzo[def,p]chrysene
(DBC), or 1 of 3 combinations of diesel particulate extract, coal tar extract, and cigarette smoke condensate were used for model training with leave-one-out cross validation. Predicted expression levels of Cyp1b1 for each treatment group were
within 1 log2FC unit of the microarray results, with the exception of DBC. We
conclude that the FNN model can potentially develop into a method for predicting
and comparing treatment-mediated perturbations of the TRN and deciphering
complex interactions within PAH mixtures. Supported by NIH grant P42
ES016465.
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BAYESIAN NETWORK ANALYSIS AND CONNECTIVITY
MAPPING ENABLES PHENOTYPIC ANCHORING OF
TRANSCRIPTOMIC RESPONSES TO CIGARETTE
SMOKE IN HUMANS.

D. Jennen1, 2, D. van Leeuwen1, M. Tsamou1, J. van Delft1, 2 and J. Kleinjans1, 2.
1Department of Toxicogenomics, Maastricht University, Maastricht, Netherlands and
2Netherlands Toxicogenomics Centre, Maastricht, Netherlands. Sponsor: H. van
Loveren.
Microarray-based transcriptomic analysis holds the opportunity to study the effects
of human exposure to (e.g., chemical carcinogens at the whole genome level), thus
yielding broad-ranging molecular information on possible carcinogenic effects.
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Since genes do not operate individually but rather through concerted interactions,
analyzing and visualizing networks of genes would provide important mechanistic
information, especially when including additional functional parameters, such as
exposure and effect biomarker measurements. Conventional methods as hierarchical clustering and correlation analyses are frequently used to address these complex
interactions, but are limited as they do not provide causal relationships. Therefore,
our aim was to investigate the added value of Bayesian network analysis and connectivity mapping, both following the conventional methods, concerning whole
genome transcriptomic analysis in the context of environmental carcinogenesis. We
investigated transcriptomic responses to cigarette smoking in humans associated
with plasma cotinine levels as biomarker of exposure and aromatic DNA-adducts as
biomarker of effect. Hierarchical clustering analysis revealed clusters with biological
relevance and the correlation analysis showed significant correlations with previously identified genes, (e.g., CYP1B1 significantly correlated with DNA-adducts).
Most of the identified genes were connected to cotinine levels. Both Bayesian network analysis and connectivity mapping added valuable biologically relevant information on the dependence relationships between genes and the phenotypic parameters. Moreover, novel gene-gene interactions have been observed for multiple
genes, which were directly and indirectly connected to cotinine levels. These results
emphasize the added value of Bayesian network analysis and connectivity mapping
in the phenotypic anchoring of transcriptomic responses.

1790

MULTISPACE K—NEAREST NEIGHBORS AS A NOVEL
HYBRID APPROACH INTEGRATING CHEMICAL AND
TOXICOGENOMIC DESCRIPTORS FOR IMPROVED
TOXICITY PREDICTION.

Y. Low1, 2, D. Fourches2, A. Sedykh2, I. Rusyn1 and A. Tropsha2. 1Environmental
Sciences & Engineering, University of North Carolina at Chapel Hill, Chapel Hill,
NC and 2Chemical Biology & Medicinal Chemistry, University of North Carolina at
Chapel Hill, Chapel Hill, NC.
We have shown earlier that Quantitative Structure-Activity Relationships (QSAR)
models utilizing chemical descriptors of compounds improved accuracy for predicting complex toxicity endpoints when combined with biological descriptors derived
from in vitro assays. However, in our recent study (Low et al., 2011, Chem Res
Toxicol., 24:1251-62) of 127 drugs from the Japanese Toxicogenomics Project
(Open TG-GATE), hybrid models did not show higher accuracy than those using
toxicogenomics descriptors only. Innovative hybrid approaches, other than simply
pooling chemical and biological descriptors together, may be required to optimize
the concomitant use of chemical and short term biological assay data for improved
toxicity prediction. To this end, we have developed multi-space (MS) kNN modeling approach. For each compound, two sets of k nearest neighbors are independently identified in the chemical and toxicogenomic descriptor spaces using the
Tanimoto similarity metric. Predicted hepatotoxicity is calculated by the weighted
average of all 2k neighbors’ hepatotoxicities. For the TG-GATE dataset, MS-kNN
attained the best external Correct Classification Rate (CCR_MS = 79+/-2%,
CCR_Toxicogenomics = 74+/-2%, CCR_Hybrid = 71+/-2%, CCR_Chemical =
59+/-2%; p = 0.04) Similar analysis of a second, Iconix data set using 24h gene expression as biological descriptors to model liver carcinogenicity showed the same
trend (CCR_Toxicogenomics > CCR_Hybrid > CCR_Chemical). Both MS-kNN
and toxicogenomics models afforded the best CCR (83%). We posit that MS-kNN
represents a novel hybrid approach employing chemical descriptors and short term
biological assays to achieve the improved toxicity prediction. Furthermore, MSkNN models also afford improved interpretation of both biological and chemical
features responsible for toxicity as well as extended applicability domains for predicting toxicity of diverse chemicals.

1791

OBJECTIVE ASSESSMENT OF TOXICOLOGY QSAR
MODEL APPLICABILITY DOMAIN USING ATOM
SIGNATURES.

S. Boyer, C. Hasselgren, L. Carlsson and E. Ahlberg. Computational Toxicology,
AstraZeneca, Mölndal, Sweden.
Quantitative Structure Activity Relationship (QSAR) modeling has been applied
throughout the Pharmaceutical industry for many years. Generally QSAR models
are accurate and reliable but sometimes fail to predict novel compounds, which are
often outside the scope of the model. We present a new approach to assess model
applicability for the query compound. This approach can be applied both to
QSAR’s and to systems for automated identification of structure-toxicity relationships. The method is based on Atom Signatures (Signatures) and automatically
monitors the amount of features in the query compound that are unknown to the
model. The Signatures are substructures that are grown circularly from each heavy
atom in a compound. With each layer of atoms added to the Signature, the more
specific it gets. This allows us to analyze the data in a multilevel fashion and alert-

ing the user to the presence of substructures not known to the model. At model
training, all Signatures are computed and stored together with their occurrence in
the training data and the activity of the compounds they are present in. This information base is the backbone for future analysis and can be queried for Signatures
computed from test data. By analyzing the amount of unknown features and the
baseline activity for all known fragments at different Signature heights, we can assign an applicability score to each prediction, visualized by colouring fragments of
the query compound. The method is demonstrated by applying it to a QSAR
model for the prediction of toxicology relevant endpoints such as mutagenicity
where we have an Ames QSAR model with an overall accuracy of 80% for which
the high confidence predictions have a positive predictive accuracy of 87% and the
corresponding negative predictive accuracy is 78%. For the low confidence predictions the corresponding accuracies are roughly 50%. These results show that it is
possible to categorize compounds into classes so as to separate high confidence predictions from compounds where the model should only be applied with special
care.

1792

A MODE-OF-ACTION-BASED QSAR APPROACH TO
IMPROVE UNDERSTANDING OF DEVELOPMENTAL
TOXICITY.

C. Yang1, A. P. Worth2, K. B. Arvidson3 and A. M. Richard4. 1Altamira, LLC,
Columbus, OH, 2EC JRC, Ispra, Italy, 3OFAS, US FDA CFSAN, College Park,
MD and 4NCCT, US EPA ORD, Research Triangle Park, NC.
QSAR models of developmental toxicity (devtox) have met with limited regulatory
acceptance due to the use of ill-defined endpoints, lack of biological interpretability, and poor model performance. More generally, the lack of biological inference of
many QSAR models is often due to a disconnect between the training sets and
modeling activities. To this end, we initiated a mode-of-action (MoA) QSAR approach in which biological context and interpretation guide the construction of
training sets and selection of descriptors. We previously implemented the MoA
concepts of DNA electrophilic reactivity and interactions involved in mutagenicity,
clastogenicity, and rodent tumorigenicity into the US FDA CFSAN Chemical
Evaluation and Risk Estimation System (CERES). We here extend this approach to
a new set of MoA QSAR models and chemotypes for developmental defects in prenatal devtox studies. A consolidated devtox database was created from several high
quality databases, including ToxRefDB, US FDA drugs/food additives, and ILSI
DevTox. Based on these data, mechanistically-based QSAR training sets for particular phenotypic effects (e.g., cleft palate) were created by grouping chemicals using
high-level biological events linked to putative toxicity pathways. An example is presented of MoA categories built from ToxCast and literature-based evidence of
chemical interactions with nuclear hormone receptors, e.g. thyroid, androgen, estrogen, glucocorticoid, retinoid, and steroidogenic factors. These MoA categories
are linked to offspring morphology phenotypes; classifiers (defined by structural
rules and phys-chem properties) are developed for chemicals that were not maternally toxic at doses producing effects. Finally, the MoA classification models are
combined to produce an overall weight-of-evidence prediction, which effectively
conveys model results with mechanistic insights, compatible with the workflow of
toxicologists in safety/risk assessment. This abstract does not necessarily reflect US
EPA, US FDA, or JRC policy.
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IN SILICO PREDICTIVE MODELS FOR INHIBITION
OF CYTOCHROME P450 3A4 AND 2D6.

A. J. Dixit1, L. G. Valerio1, N. Sadrieh1, J. M. Villar2, A. Valencia2, J. Prous2
and M. Carbó2. 1CDER, Office of Pharmaceutical Science, US FDA, Silver Spring,
MD and 2Prous Institute for Biomedical Research, Barcelona, Spain.
In silico models can speed the early screening process of assessing potential drug interactions and has become an integral part of drug development. Metabolic-based
drug-drug interactions can cause significant changes in human drug exposure leading to adverse effects and toxicity. In a US FDA-approved research collaboration,
we built in silico predictive quantitative structure-activity relationship models using
BioEpisteme (Prous Institute predictive software) for the inhibition of CYP3A4
and CYP2D6. CYP3A4/2D6 inhibitors were given a binary value to indicate their
activities in the training sets. Molecular descriptors of the training set drugs were
generated using the Molecular Operating Environment (Chemical Computing
Group). Cross validation and external validation studies were used to assess predictive performance of these custom models. Performance was also appraised using
regulatory classification of inhibitors per US FDA Guidance. Cross-validation depicted statistically significant results: CYP3A4 87.8%, CYP2D6 74.7%, concordance, with 94.7% and 88.3% sensitivity, respectively. External validation of the
models using test sets containing known inhibitors for each enzyme (by US FDA
Guidance) confirmed predictive performance. The use of our models can be a po-

tent and cost-effective preliminary approach to predict if an investigational drug is
an inhibitor of metabolizing enzymes which can then be confirmed or explored further through in vitro and in vivo studies, and thus serve as a guide to CYP liability.
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AHR-MEDIATED GENE EXPRESSION ACROSS
MULTIPLE DEVELOPING MOUSE TISSUES.

X. Chang1, J. Foley1, J. M. Gohlke2, C. J. Portier3 and M. Devito1. 1NIEHS,
Research Triangle Park, NC, 2University of Alabama at Birmingham, Birmingham,
AL and 3NCEH/ATSDR, Atlanta, GA.
2,3,7,8-Tetrachlorodibenzio-p-dioxin (TCDD) exerts a broad range of toxicity mediated by the aryl hydrocarbon receptor (AhR). However, the role of AhR in development and the mechanism of TCDD-induced developmental toxicity remain
largely unknown. We hypothesized that transcriptional changes through activation
of the AhR mediates TCDD-induced developmental toxicity. To evaluate this hypothesis, global gene expression profiles were examined in three tissues (heart, lung,
and liver) of the Ahr-/- (KO) and wild type (WT) mouse embryos exposed in utero
to 5 μg/kg TCDD or vehicle (Veh) on GD11.5 and terminated on GD13.5.
Principal component analysis indicates that tissue is the largest source of variation
with many more genes differentially expressed between tissues than between different genotype/treatment groups within the same tissue. ANOVA analysis with p
<0.002 and fold change >1.2 as cut-offs were used to determine the genes with significantly changed expression across various groups. Consistent with previous reports, changes in gene expression are much fewer after TCDD treatment in Ahr-/than WT mice for the lung and liver, suggesting that TCDD-induced gene expression changes are primarily AhR-dependent in these tissues. Gene expression
changes are greater in KO_Veh vs WT_Veh comparison than in WT_TCDD vs
WT_Veh for the heart and liver, whereas in lung, more genes are changed by
TCDD treatment than by loss of AhR. Of numerous genes with significantly
changed expression in KO_Veh vs WT_Veh across the three tissues, only acireductone dioxygenase 1 and E2F transcription factor 6 are in common. In addition,
Cyp1a1 is the only common gene significantly induced by TCDD in all three tissues of the WT mice. Cyp1a1 is highly induced in the liver and lung with ~70 and
~30 fold increases, respectively, but is much less induced in the heart (<4-fold). In
summary, this study indicates that effects of AhR ablation and/or TCDD treatment
at the transcriptional level are tissue-specific. (This abstract does not represent
NIEHS or ATSDR policy).
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ACTIVITY PROFILES OF 676 TOXCAST PHASE II
COMPOUNDS IN 231 BIOCHEMICAL HIGHTHROUGHPUT SCREENING ASSAYS.

N. S. Sipes, D. R. Reif, K. Houck, M. T. Martin, P. Kothiya, A. Richard, R.
Judson, T. B. Knudsen, D. J. Dix and R. Kavlock. National Center for
Computational Toxicology, ORD, US EPA, Research Triangle Park, NC.
Understanding potential health risks posed by environmental chemicals is a significant challenge elevated by large numbers of diverse chemicals with generally uncharacterized exposures, mechanisms and toxicities. The present study is a performance evaluation and critical analysis of 231 high-throughput cell-free assay results
for 676 chemicals (including a number of failed pharmaceuticals, alternative plasticizers and food additives) in Phase II of EPA’s ToxCast™ project, and comparison
to previous results for 309 ToxCast Phase I compounds. Biochemical high-throughput screening profiled G-protein-coupled and nuclear receptors, kinases, phosphatases, CYPs, histone deacetylases, ion channels and transporters. A primary
screen tested all Phase II chemicals at 25μM concentration (or 10μM for CYP assays) and a secondary screen re-tested over 14,000 chemical-assay pairs in 8-point
concentration series from 0.023 to 50μM (or 0.009–20μM for CYPs). Mapping relationships on half-maximal activity concentration (AC50) revealed 5484 active
chemical-assay pairs for 510 unique chemicals and 216 unique assays. On average a
chemical affected 2.5 assays and an assay was affected by 7.5 chemicals at
AC50≤10μM, versus 3.4 and 3.7, respectively for Phase I, but the percent affected
remained constant (1%). Among the most promiscuous chemicals were tributyltin
methacrylate, crystal violet, and tributyltin chloride; the most promiscuous assays
were CYP2C19, CYP2C9, and the dopamine transporter. Known (e.g. caffeine
perturbation of adenosine receptors and carbosulfan inhibiting acetylcholinesterase
activity) and unknown (e.g. cyclopamine binding ion channels and methotrexate
binding to somatostatin receptors) chemical activities were observed. A combination of these in vitro results along with in vivo toxicity data are being used to generate hypotheses about potential molecular initiating events associated with adverse
outcomes for this diverse chemical set. This abstract does not necessarily reflect US
EPA policy.
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IN SILICO IDENTIFICATION OF BISPHENOL A
MOLECULAR TARGETS.

D. Montes-Grajales and J. Olivero-Verbel. Environmental and Computational
Chemistry Group, University of Cartagena, Cartagena, Bolivar, Colombia.
Bisphenol A (2,2-bis-(p-hydroxyphenyl)-2-propane, BPA) is a known endocrine
disrupting chemical used in the fabrication of plastics, resins and flame retardants.
Its biological properties are mainly explained based on its capacity to bind the estrogen receptor (ER). However, its role on other molecular mechanisms involving
protein targets different from this nuclear receptor is still under debate. In order to
identify plausible binding proteins for BPA, a docking study with Autodock Vina
was performed using 269 proteins representative of different pathological conditions that were previously selected by executing a data mining search in PubMed
Reminer. Coordinates of target proteins were downloaded from Protein Data Bank
(PDB) and prepared in SYBYL 8.1 program package. BPA structure was drawn and
optimized by DFT at the B3LYP/6-31G level in Gaussian 0.3, the grid box center
was determined utilizing MGLTools, and a blind docking strategy was performed
to recognize protein-ligand complexes. Calculated binding affinities were then employed for ranking proteins. Repetitions of 100 runs and conformational analyzes
with LigandScout 2.0 were carried out on complexes presenting best ligand affinities. Validation protocols on PDB reported protein/BPA complexes showed that
modeled BPA structure always selected the specific BPA binding site, after a whole
protein blind docking procedure with Autodock Vina. The proteins that exhibited
greatest in silico affinities for BPA were the estrogen-related receptor gamma (ERRgamma, -9.9 Kcal/mol), and the CDC2-like kinase isoforms 4, 1 and 2
(CLK4/CLK1/CLK2), with affinity values of -9.5, -9.1 and -9.0 Kcal/mol, respectively. These last proteins are involved in the control of RNA splicing. Moreover,
molecular targets related to diabetes, breast cancer, and circadian rhythm showed
moderate affinities with values around -8.0 Kcal/mol. These results suggest that
BPA may be acting on targets different from ER, eventually influencing several signaling pathways involved in disease. Colciencias-UniCartagena 110745921616,
2008 and 110751929058, 2010.
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BIOCHEMICAL AND CELLULAR CHANGES
ASSOCIATED WITH METHYL ISOCYANATE-INDUCED
PULMONARY FIBROSIS IN C57BL/6 MICE.

J. Benson, J. Seagrave, Y. Shi and J. Hutt. Lovelace Respiratory Research Institute,
Albuquerque, NM.
Methyl isocyanate (MIC) is classified as a Level 2 Toxic Industrial Chemical and is
considered an “agent of opportunity” that could cause mass casualties if released
during transport or storage tanks were breached. Long-term effects in survivors of
the MIC release in Bhopal, India in 1984 include pulmonary fibrosis. The purpose
of this study was to determine potential mechanisms of MIC-induced fibrosis.
Groups of 12 female C57BL/6 mice were administered 0, 2.6, 3.9, and 5.3 mg
MIC/kg body weight by intratracheal instillation. Six mice/group were euthanized
24 h and 7 d post dosing. Endpoints included cytokine concentration and absolute
neutrophil counts in lavage fluid. Lung tissue was examined for evidence of oxidative stress (thiobarbiturate reactive substances; TBARS), apoptosis (TUNEL assay),
collagen deposition (hydroxyproline), and histopathology. MIC exposure caused no
mortality or sustained clinical signs of toxicity. Neutrophil numbers in lavage fluid
were increased at 24 h, and to a lesser extent at 7 d post dosing. Dose-dependent increases in concentrations of cytokines IL-6, MCP-1, Eotaxin, and TGFβ1 in lavage
fluid occurred at 24 h, with levels in high-dose group significantly increased compared to controls. TBARS/mg protein was significantly increased (30 – 50%) at 7 d
in all dose groups. MIC-induced statistically significant increases in apoptotic
cells/100 lung cells counted, with 12-16 fold and 6–11 fold increases seen at 24 hr
and 7 d, respectively. Histological changes included peribronchial, perivascular and
alveolar septal wall mononuclear cell infiltrates. Focal areas of minimal-to-mild fibroblast/myofibroblast proliferation were observed in 1(25%) and 2 (33%) of midand high-dose lungs examined. MIC increased lung hydroxyproline content by approximately 25% in all dose groups at 7d. These changes occurred in the absence of
mortality and parallel those seen in the rodent models of bloomycin-induced pulmonary fibrosis. This research was supported by intramural funds.
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THE TOXICOLOGICAL RELEVANCE OF THE
CUTANEOUS RESERVOIR OF SULPHUR MUSTARD.

J. Jenner1, C. Green1, P. Oliver1, I. Hattersley1, J. Azeke2, E. Braue2 and J.
Graham2. 1Biomedical Sciences, Dstl, Salisbury, Wiltshire, United Kingdom and
2USAMRICD, Aberdeen Proving Ground, MD.
Experimental investigations of sulphur mustard (HD) burns during the First World
War demonstrated a reservoir of un-reacted HD in human skin. More recent evidence from an in vitro system indicated that following dosing of human or pig skin
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with liquid HD and surface decontamination there is an appreciable, solvent extractable, depot of free HD representing multiple vesicating doses. This investigation characterised the toxicological relevance of this reservoir by extraction using
three different techniques. Methods. In vitro: “Franz-type” diffusion cells containing dermatomed human and pig skin at 32°C, with stirred ethanol:water (50:50
v/v) receptor. 14C-HD was used to trace full dose distributions in the system following application of each of the extraction techniques. In vivo: lesions raised on
large white pigs by contact with filter paper soaked in liquid HD and treated immediately and at 1 and 3 hours, primary measure of effect – histopathology at 7
days. Extraction techniques were tape stripping, and extraction with either
tetraglyme (30% v/v in water) or kerosene respectively. Results. A rapidly equilibrating, finite reservoir of 14C-HD was observed in human and pig skin in vitro
within 2 min of application of liquid 14C-HD, persisting for up to 6 h and solventextractable following surface decontamination by dry swabbing. Gas chromatography - mass spectrometry has shown that the majority of the extractable fraction, at
least at the earlier time points (≤ 3 h), was free 14C-HD equivalent to multiple
vesicating doses. The majority of the reservoir could be extracted with tetraglyme
(30% v/v in water) or kerosene or by tape stripping the stratum corneum, all methods were similarly efficient out to ~6 h following contamination. In vivo the lesions
were not changed by extraction unless performed within 5 minutes of contact.
Conclusion. Removal of the reservoir is unlikely to benefit the patient unless carried
out immediately, but may affect contamination control.© Crown Copyright 2011.
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PUPILLARY LIGHT RESPONSE IN A GUINEA PIG
MODEL EXPOSED TO ORGANOPHOSPHATE AGENTS.

E. D. Clarkson1, K. H. Smith1, S. M. Schulz1 and C. Kolanko2. 1Analytical
Toxicology Division, US Army Medical Research Institute of Chemical Defense,
Aberdeen Proving Grounds, MD and 2EyeMarker Systems Inc., Morgantown, WV.
Here we report a study to more precisely define and quantify the relationship between organophosphate agent exposure, including pesticides and nerve agents, with
cholinesterase inhibition and the ocular biomarkers that are induced. A thorough
investigation of these relationships was conducted to subsequently refine pupillary
algorithms for the automated detection of organophosphate exposures with greater
specificity regarding level of exposure, the extent of cholinesterase inhibition, and
the temporal presentation and persistence of the ocular biomarkers. A guinea pig
model was exposed to varying concentrations of parathion (pesticide), soman and
VX (nerve agents) to methodically detail both the temporal and quantitative occurrence of pupillary deficits (anticholinesterase biomarkers) to determine the most
sensitive, accurate diagnostic algorithms in these animal models. Dose-response
curves and temporal-response curves for both pupillary deficits and generalized
symptoms were developed for each agent used. Based upon previous studies dose
ranges were conducted from the LD50 to 3000-fold below the LD50 to incorporate lethal and sub-lethal exposures without decreasing the potential sensitivity of
the ocular biomarkers. In addition, cholinesterase assays were performed at various
time points post-exposure. These cholinesterase inhibition assays in the guinea pig
model will allow improved correlation to human data that already exist and map a
direct relationship between exposure, enzyme inhibition, and ocular deficits that
will be vital for future development of both diagnostic and treatment protocols.
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EFFICACY OF BIFUNCTIONAL AND NONSTEROIDAL
ANTIINFLAMMATORY COMPOUNDS AGAINST
VAPOR-INDUCED SULFUR MUSTARD INJURY IN A
HAIRLESS MOUSE VESICANT MODEL (HMVM).

Y. Chang1, J. D. Wang1, R. A. Hahn1, M. K. Gordon1, M. C. Babin2, S. C.
Young3, N. D. Heindel3, J. D. Laskin4 and D. R. Gerecke1. 1Pharmacology and
Toxicology, Ernest Mario School of Pharmacy, Rutgers University, Piscataway, NJ,
2Battelle Biomedical Research Center, Columbus, OH, 3Chemistry, Lehigh University,
Bethlehem, PA and 4Environmental and Occupational Medicine, University of
Medicine and Dentistry of New Jersey-Robert Wood Johnson Medical School,
Piscataway, NJ.
Effective medical countermeasures against chemical vesicant exposure such as sulfur
mustard [bis(2-chloroethyl) sulfide, SM] have yet to be established. Possible countermeasure candidates include bifunctional compounds that target both inhibition
of cholinergic activity and inflammation, two pathways that appear to exacerbate
tissue damage after vesicant exposure. Using a SKH-1 mouse vapor cup model, we
have tested the efficacy of a novel bifunctional compound designed to act as a nonsteroidal antiinflammatory drug (NSAID) and an acetylcholinesterase inhibitor.
The drug was formulated in ethyl oleate vehicle and applied to mouse backs 24
hours after sulfur mustard vapor exposure. Additional applications were made 48
and 72 hours after exposure. Punch biopsies were then collected and the tissue sample divided for histology, genomic, and protein analyses. Draize score and H & E

analysis of tissue samples showed improvement for the bifunctional compound.
Samples exposed to SM alone appeared to have an acute inflammatory response
with markers of inflammation such as Cox-2, IL1B, CXCL2, MMP-9 increased as
determined by RT-PCR. Samples treated with the bifunctional compound showed
a reduction in Cox-2 and MMP-9 protein by Western blot analysis.
Immunofluorescence analysis demonstrated that the basement membrane zone between the epidermis and dermis was improved after treatment with the bifunctional
compound as shown by specific antibodies for laminin-332, Ki67, Keratin10, Cox2, and MMP-9. Taken together, this data supports the potential of using bifunctional compounds as medical countermeasures against vesicant-induced skin damage. Supported by ES005022, ES004738, EY09056, and NIAMS U54AR055073.
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ANTI-INFLAMMATORY PROPERTIES EXHIBITED BY
ARYL HYDROCARBON RECEPTOR (AHR) LIGANDS,
INDOLE-3-CARBINOL, AND 3, 3’DIINDOLYLMETHANE DURING STAPHYLOCOCCAL
ENTEROTOXIN B-INDUCED IMMUNE SYSTEM
ACTIVATION.

P. B. Busbee, M. Nagarkatti and P. Nagarkatti. University of South Carolina School
of Medicine, Columbia, SC.
Staphylococcal entertoxin B (SEB) is an exotoxin produced by the Staphylococcus
aureus bacterium. This toxin is classified as a “superantigen” because of its ability to
directly bind T cell receptors (TCR) with MHC II class receptors of antigen presenting cells (APCs), bypassing the normal antigen processing and presentation
mechanism and activating a large proportion of T cells. Commonly associated with
classic food poisoning, SEB has also been shown to induce toxic shock syndrome
(TSS), and more recently gained attention as a potential biological warfare agent
since it is easily aerosolized. In the current study, we tested the potential use of indole-3-carbinol (I3C) and one of its byproducts, 3,3’-diindolylmethane (DIM),
two AhR ligands, on SEB-induced activation of T cells and cytokine production.
To this end, we evaluated the ability of I3C and DIM to reduce T cell activation
mediated by SEB in CD3+Vβbeta+ T cells both in vitro and in vivo.
Administration of I3C and DIM into C57BL/6 mice challenged with SEB was able
to significantly reduce the number of SEB-specific CD3+Vbeta8+ cells. There was
also a decrease in CD69 expression, a marker associated with activation of T lymphocytes, and expression of pro-inflammatory cytokines, such as TNF-alpha. Using
TUNEL assay and caspase inhibitor studies, we were able to show that not only did
I3C and DIM induce apoptosis in SEB-activated T cells, but also that this observed
apoptotic cell death was mediated primarily through extrinsic pathway. We confirmed that I3C and DIM were inducing apoptotic responses in SEB-activated T
cells by using an AhR-specific antagonist. Taken together, our results demonstrate
that I3C and DIM, which act as AhR ligands, are potentially promising candidates
to ameliorate the toxic effects induced by SEB exposure.
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EFFECT OF SOLVENTS ON THE STABILITY OF
CHLOROETHYL ETHYL SULFIDE (CEES).

M. D. Kennedy, J. D. Elliott, S. E. Colmenero, P. Collins and J. P. Gray.
Department of Science, United States Coast Guard Academy, New London, CT.
Chloroethyl-ethyl sulfide (CEES), a commonly used surrogate for sulfur mustard
(HD), is similarly hydrophobic. Although the half-life of aqueous HD is only 4-8
min, its slow rate of solubility in aqueous solution substantially extends its overall
half-life. Treatment of cells in culture with either HD or CEES is difficult; polar organic solvents are required to dissolve either compound in aqueous solution. While
these solvents may increase cellular exposure to the vesicants, they may also shorten
the mustards’ half-life by increasing degradation through reactions with the solvent
or water. Although ethanol is typically used to dissolve vesicants, even low doses of
ethanol (0.1%) can have off-target effects. Therefore, in the current study, we investigated the use of DMSO as a solvent for CEES. CEES (1.7 M) was found to be
stable in DMSO at room temperature for at least 24 hours as measured by 13CNMR, whereas heating in DMSO at 70°C for 30 min or longer caused measureable degradation. The presence of 10% water did not affect the rate of CEES degradation at room temperature over 24 hr. Under constant agitation, the half-life of
CEES pre-dissolved in DMSO, followed by dilution in aqueous solution (3.5 min)
was less than that of CEES pre-dissolved in ethanol (5.5 min) or CEES added directly to phosphate buffered saline (11.5 min). These studies indicate that while
CEES is unreactive as a stock solution in DMSO over short time periods at room
temperature, further dilution in aqueous media enhances its reactivity. DMSO is
therefore suitable as an alternative to ethanol for CEES.
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THERAPEUTIC EFFICACY OF SILIBININ IN
ATTENUATING SULFUR MUSTARD ANALOGINDUCED SKIN INJURIES.

N. Tewari-Singh1, J. K. Anil1, S. Inturi1, C. Agarwal1, C. W. White2 and R.
Agarwal1. 1Pharmaceutical Sciences, University of Colorado Denver, Aurora, CO and
2Pediatrics, National Jewish Health, Denver, CO.
Sulfur mustard (HD), a chemical warfare agent, inflicts delayed blistering and incapacitating injurious effects on skin. To identify effective therapeutic interventions
against HD-induced skin injuries, efficacy studies were carried out employing HD
analog 2-chloroethyl ethyl sulfide (CEES)-induced injury biomarkers established
from our earlier studies in skin cells and SKH-1 hairless mice. The results of these
studies demonstrate strong therapeutic potential of silibinin (SB), a natural flavanone with proven antioxidant, anti-inflammatory and anti-cancer properties, in
attenuating CEES-induced skin injuries and oxidative stress. In skin cells, SB (10
μM) treatment 0.5 h after CEES (0.35/0.5 mM) exposure caused a significant reversal in CEES-induced decrease in cell viability, apoptotic and necrotic cell death,
DNA damage, and increased oxidative stress. SB (1 mg) topical treatment onto
SKH-1 hairless mouse skin 30 min after CEES (2 mg) exposure, was most effective
in reversal of CEES-induced increases in skin bi-fold (62%) and epidermal thickness (85%), apoptotic cell death (70%), myeloperoxidase activity (complete reversal), increases in iNOS, COX-2 and MMP-9 protein levels (> 90%), and activation
of transcription factors NF-κB and AP-1 (complete reversal). Similar SB treatment
was also effective in attenuating CEES-induced oxidative stress measured by 4-hydroxynonenal and 5,5-dimethyl-2-(8-octanoic acid)-1-pyrolline N-oxide protein
adduct formation, and 8-oxo-2-deoxyguanosine levels. Our previous studies have
demonstrated the involvement of oxidative stress in CEES-induced toxic responses
in skin cells and mouse skin tissue. Reversal of CEES-induced oxidative stress by SB
evidenced in this study indicates the antioxidant therapeutic efficacy of SB in attenuating CEES-induced skin injuries. Together, these findings support further optimization of SB rescue treatment in the HD skin toxicity model and its clinical development as an effective treatment for skin injuries by vesicants.

1804

IDENTIFICATION OF EXPOSURE BIOMARKERS TO
BIOLOGICAL TOXINS SEB, MICROCYSTIN LR, AND
T2.

R. Harris2, J. McDonald1, P. Kuehl1, M. Doyle-Eisele1, K. Turteltaub3 and M.
Malfatti3. 1Lovelace, Albuqueruque, NM, 2Commonwealth Biotechnologies,
Richmond, VA and 3Lawrence Livermore National Laboratory, Livermore, CA.
The objective of this research was to define elimination kinetics/disposition of biomarkers of exposure to Staphylocollal Enterotoxin B (SEB), Microcystin LR and
T2. This is conducted through conduct of tissue distribution and pharmacokinetic
studies in rodents and non-human primates (NHP), modeling of disposition and
elimination characteristics, selection of optimal excretion matrix to utilize for biomarker targeting, and identification of biomarkers that can be used to link to toxin
exposure. Custom 14C labeled toxin was developed that allowed disposition and
excreta analysis. Both radioactivity and ELISA analysis of parent compound were
conducted in Sprague-Dawley rats after oral administration and NHP
(Cynomolgus macaque) after oral or intratracheal administration. Sprague-Dawley
rats were observed up to 72 hr post administration. Tissues and blood were collected at 0.25, 1, 4, 8, 12, 24, 48, 72 hr. Urine and feces were collected for 72 h in
rodents and NHP. SEB showed rapid absorption from the GI tract, and metabolism
of the parent compound within 1-2 hours after dose administration. The metabolism was confirmed by the absence of parent compound coupled to the presence of
radioactivity remaining in tissues, plasma and excreta. Peptide sequencing found
several unique peptide sequences that could be used to detect SEB exposure.
Microcystin LR showed high concentrations of parent compound and a number of
metabolites in excreta and peripheral organs. It was was detected in both urine and
feces 24-72 hr after dose administration. Interestingly, the radioactivity did show
excretion at earlier time points. T2 is rapidly absorbed and excreted in both urine
and feces for 48 h after exposure. Both parent T2 and a number of promising
metabolite biomarkers were observed. Work supported by the Defense Threat
Reduction Agency.

1805

MECHANISMS OF SULFUR MUSTARD ANALOGS, 2CHLOROETHYL ETHYL SULFIDE AND NITROGEN
MUSTARD-INDUCED DNA DAMAGE IN SKIN CELLS.

S. Inturi1, N. Tewari-Singh1, C. Agarwal1, C. W. White2 and R. Agarwal1.
1Pharmaceutical Sciences, University of Colorado Denver, Aurora, CO and 2Pediatrics,
National Jewish Health, Denver, CO.
Sulfur mustard (SM), an alkylating chemical warfare agent, causes vesication and
severe damage to the skin. The major reported cause of SM-induced cytotoxicity is
DNA damage, which could result either via alkylation- or oxidative stress-related
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mechanisms. Accordingly, to understand the role of these cytotoxic effects, we employed 2-chloroethyl ethyl sulfide (CEES), a monofunctional analog of SM. CEES
exposure to mouse skin epidermal JB6 cells and dermal fibroblasts caused DNAdamage (phospho H2A.X and p53 and comet tail extent moment), oxidative stress
and oxidative DNA damage (8-OHdG levels). In further studies distinguishing between oxidative and direct DNA-damaging effects of CEES, pretreatment with glutathione (GSH) or antioxidant trolox caused a decrease in CEES-induced oxidative
stress and oxidative DNA damage. However, only GSH decreased CEES-induced
total DNA damage, probably through formation of GSH-CEES conjugate detected
by LC-MS analysis, indicating that oxidative stress may play a minor role in CEESinduced DNA damage. Unlike SM [forms both DNA interstrand cross links (ICL)
and adducts], CEES can only form DNA adducts. Therefore, we further expanded
our studies with nitrogen mustard (NM), a bifunctional analog of SM. Notably;
SM studies in the laboratory setting are limited, as they require special facilities.
DNA damage was assessed in JB6 cells via comet assay, which confirmed that NM
acts as a strong DNA ICL forming agent. Trypan blue exclusion assay indicated
that 0.75μM NM induced arrest in JB6 cell growth at 24h, suggesting a possible
cell-cycle arrest, thereby allowing the cells to process DNA ICLs. An increase in
comet length and phospho H2A.X and p53 at 16 and 24h following NM exposure
also indicated DNA damage and the initiation of repair machineries. Studies are
underway to understand the molecular mechanisms involved in repair of NM-induced DNA damage that can ultimately help us develop therapeutic strategies
against NM- and SM-induced skin toxicity.

1806

PULMONARY FIBROTIC RESPONSE FROM INHALED
MULTIWALLED CARBON NANOTUBE EXPOSURE IN
MICE.

R. R. Mercer, A. F. Hubbs, J. F. Scabilloni, L. Wang, L. A. Battelli, V.
Castranova and D. W. Porter. PPRB, NIOSH, Morgantown, WV.
Inhalation exposure studies of mice were conducted with multiwalled carbon nanotubes (MWCNTs) to assess the fibrotic potential of this manufactured carbon
nanomaterial. To address the hypothesis that MWCNTs cause persistent morphologic changes, male C57BL/6J mice were exposed in a whole-body inhalation system to a 5 mg/m3 MWCNT aerosol for 5 hours/day for 12 days (4 times/week for
3 weeks). At the end of inhalation exposures, lungs were preserved by vascular perfusion of fixative while inflated with air at 1, 14, and 84 days post inhalation exposure. A separate, clean-air control group was also studied. Sections were prepared to
analyze the distribution of lung burden following inhalation exposure.
Morphometric measurements of Sirius Red staining were used to assess the connective tissue response. At day 1 post-exposure 86±4 and 14±6 percent of the lung burden (mean±SE, N=5) were in the alveolar and airway regions, respectively.
Distribution within the alveolar region was 57±6, 7±5 and 20±4 percent in alveolar macrophages, alveolar airspaces and alveolar tissue, respectively. The mean linear
intercept, a measure of the degree of alveolar expansion, was not significantly different between groups being 29.5±0.5, 29.6±0.6, 29.1 ±0.5 and 29.4±0.4 microns
for clean-air controls, 1, 14 and 84 days MWCNT groups, respectively. The connective tissue in the alveolar region of MWCNT-exposed mice demonstrated a progressive increase in thickness over time (0.17±0.02, 0.22 ±0.02 and 0.26±0.03 for
1, 14 and 84 days) and was significantly different from clean-air controls
(0.16±0.02) at 84 days. Despite the relatively low fraction of the lung burden being
delivered to the alveolar tissue, the average thickness of connective tissue in the
alveolar region increased by 53% in the 84 days after inhalation exposure. These results demonstrate that inhaled MWCNTs have the potential to produce a progressive, fibrotic response in the alveolar tissues of the lungs.

1807

90-DAY INHALATION TOXICITY STUDY WITH
CARBON NANOFIBERS IN RATS.

M. P. DeLorme1, Y. Muro2, S. R. Frame1, K. L. Reed1 and D. B. Warheit1.
1DuPont Haskell Lab., Newark, DE and 2Showa Denko K.K., Tokyo, Japan.
VGCF™-H is a vapor grown carbon nanofiber with low acute inhalation toxicity;
however the potential toxicity of repeated exposure is unknown. This subchronic
inhalation toxicity study exposed groups of male and female rats to 0.54, (4.9 f/cc)
2.5 (56 f/cc), or 25 (252 f/cc) mg/m3 of VGCF™-H 6-hr/d, 5-d/wk over a 90-day
period following OPPTS 840.3465 and OECD 413 guidelines. Groups of animals
from the high and control group were allowed a 90-day recovery period to determine the reversibility of effects observed at the end of the exposure period.
Exposure to VGCF™-H did not result in adverse changes in body weight or food
consumption parameters nor were there any adverse clinical signs of toxicity in this
study. No adverse effects were observed in the ophthalmological evaluations or in
clinical pathology endpoints. Females exposed to 2.5 and male and females exposed
to 25 mg/m3 demonstrated a significant increase in lung weights following exposure that was only partially reversed after the recovery period. Following the 2.5
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and 25 mg/m3 exposure a subacute/chronic inflammation of the terminal bronchiole and alveolar duct areas of the lungs were noted wherein fiber-laden alveolar
macrophages had accumulated. This finding was characterized by infiltrates of inflammatory cells and some thickening of interstitial walls and minimal to slight hypertrophy/hyperplasia of Type II epithelial cells for the 2.5 and 25 mg/m3 groups,
respectively. Three months following exposure this inflammation was still present,
but less severe. A non-specific inflammatory response was also noted in the nasal
passages of exposed animals. Extrapulmonary fibers, occurring as single or very few
fibers were sporadically noted in other organs; however no adverse pathological reactions were noted in the tissues containing these fibers. Therefore, the NOAEL for
VGCF™-H nanofibers is considered to be 0.54 mg/m3 (4.9 fibers/cc) for male
and female rats.

1808

LINKING NANOMATERIAL PHYSICAL PARAMETERS
TO TOXICITY: A SYSTEMATIC ASSESSMENT OF GOLD
NANOMATERIALS.

L. K. Braydich-Stolle, L. Mahle, N. Schaeublin, C. Grabinski and S. Hussain.
AFRL/RHPB, Wright-Patterson AFB, OH.
Gold nanomaterials (Au NMs) have been studied for their incorporation in biological applications due to their unique surface Plasmon resonance. Previous reports
identified size and surface charge as critical in mediating the biological response,
while other studies describe the importance of shape. However, within the nanotoxicology literature, comparisons of NMs are typically made across a variety of
cell models using different biological assays. This study reports the evaluation of Au
NMs using the HaCaT keratinocyte cell line and the same assays in order to provide a comprehensive assessment of Au NM physical parameters. Previously, surface
charge was shown to mediate the mechanism of toxicity in Au spheres 1, and Au
spheres were less toxic than rods2. In addition, altering the rod aspect ratio (AR)
and surface chemistry impacted toxicity2,3. To further explore shape, this study
evaluated nanocubes (NC: 50 nm), nanospheres (NS: 20, 50 nm), nanopills (NP:
AR=2), and nanorods (NR: AR= 3) with a tannic acid surface using HaCaT cells.
Typically, Au NRs coated with PEG display minimal cellular uptake. However,
TEM imaging identified increased uptake in Au NP and NR when tannic acid was
on the surface. Furthermore, cell viability was examined (MTS assay) at concentrations of 0, 10, 25, and 50 μg/ml for comparison with previously published data.
The viability demonstrated a shape and concentration dependent response, with
the ranking of toxicity: 20 nm NS < 60 nm NS < 50 nm NC < NP (AR=2) < NR
(AR=3). Furthermore, changes in gene expression (25 μg/ml) demonstrated a shape
dependent increase in stress response genes. This data in combination with previous
data, illustrated that several physical parameters mediated Au NM toxicity in keratinocytes, emphasizing the link between NM characterization and toxicity.

1809

THE ROLE OF IL-1β SIGNALING IN NICKEL
ASSOCIATED MULTIWALLED CARBON NANOTUBEINDUCED ACUTE PULMONARY EOSINOPHILIA.

T. A. Girtsman, P. K. Shaw, B. B. Postma and A. Holian. CEHS, University of
Montana, Missoula, MT.
Exposure to certain engineered nanomaterials (ENM) has been associated with
pathological changes in animal models raising concern that human health effects
will emerge with increasing use of ENM, such as multiwalled carbon nanotubes
(MWCNT). We had previously shown that a correlation exists between the
amount of nickel associated with MWCNT and assembly of the NLRP3 inflammasome (NLRP3) resulting in conversation of pro-IL-1β to the active form.
Furthermore, we have shown that NLRP3 activation in vitro correlates strongly
with lung inflammation and pathology. In this study, we investigated the role of IL1 receptor signaling in the induction of acute pulmonary eosinophilia. C57Bl/6
and IL-1 receptor null mice (IL-1R-/-) mice instilled with MWCNTs FA04
(2.54%Ni) and FA21 (5.54% Nickel) underwent whole lung lavage at 24 hours, 4,
7 and 14 days post-exposure. Differential cell counts, Eosinophil Peroxidase Assay
(EPO), flow cytometry and histological evaluation of tissue sections were performed. Analysis of the results revealed that 24 hours of exposure to MWCNT
FA21 was effective in inducing pulmonary inflammation as indicated by eosinophil
influx into the airways of wild type mice. The cell differential count and EPO assay
confirmed the presence of eosinophils in the airway of MWCNT exposed WT
mice. The initial acute inflammatory response was diminished in mice deficient for
the IL-1 receptor. However, in later time points, this inflammatory response was
heightened in the lungs of IL-1R-/- mice, compared to the wild type mice. These
data suggest an important role for IL-1β signaling in the regulation of the inflammatory response and a potential mechanism for the clearance of Ni-MWCNT
from the lung. This work was supported by NIH grants NRSA F32 ES019816
RC2-ES018742 and P20-RR017670.

1810

MAST CELLS AND THE IL-33/ST2 AXIS ARE
ESSENTIAL DETERMINANTS OF CARBON NANOTUBE
TOXICITY.

P. Katwa1, X. Wang1, R. Urankar2, S. C. Hilderbrand1, C. J. Wingard2 and J.
M. Brown1. 1Pharmacology & Toxicology, East Carolina University, Greenville, NC
and 2Department of Physiology, East Carolina University, Greenville, NC.
The use and production of nanomaterials such as multi-walled carbon nanotubes
(MWCNT) has significantly increased in recent years due to their versatility in numerous applications thereby raising concern about the potentially hazardous impacts on human health. Mast cells are known to play an important role in several
pathological conditions, including allergy, asthma and cardiovascular disease. The
aim of this study was to examine mast cell mediated mechanisms of respiratory and
cardiovascular toxicity following exposure to MWCNTs. We assessed inflammatory
and fibrotic responses in the lung as well as cardiac ischemia-reperfusion (IR) injury
responses in C57BL/6, KitW-sh (mast cell deficient), KitW-sh reconstituted with bone
marrow derived mast cells, and IL-33 receptor (ST2-/-) deficient mice following
oropharyngeal aspiration of MWCNTs. C57BL/6 mice instilled with MWCNTs
exhibited significant pulmonary inflammation as evidenced by increased numbers
of neutrophils and macrophages that were associated with elevated IL-33.
Furthermore, impaired pulmonary function (compliance and elastance) was observed along with increased granuloma formation, collagen content and deposition
in C57BL/6 mice 30 days following instillation of MWCNTs. In addition to adverse pulmonary effects, myocardial infarction was exacerbated in C57BL/6 mice 1
day following exposure to MWCNTs. These adverse pulmonary and cardiovascular
responses elicited by MWCNTs in C57BL/6 mice were all significantly attenuated
in KitW-sh mast cell deficient mice as well as ST2-/- mice, and conversely, were restored in KitW-sh mice reconstituted with mast cells. These findings demonstrate an
unrecognized, but critical role for the IL-33/ST2 axis and mast cell activation in
mediating MWCNT toxicity. This work supported by NIH RO1 ES019311
(JMB) and RO1 ES016246 (CJW).

1811

DIFFERENT EFFECT OF MULTIWALLED CARBON
NANOTUBES IN LUNG TUMORIGENESIS.

J. Kim1, 2, A. Minai-Tehrani1, B. Kang1, S. Hong1, J. Shin1, S. Park1 and M.
Cho1, 2. 1Laboratory of Toxicology, College of Veterinary Medicine, Seoul National
University, Seoul, Republic of Korea and 2Department of Nano Fusion Technology,
Graduate School of Convergence Science and Technology, Seoul National University,
Seoul, Republic of Korea.
Carbon nanotubes (CNTs) have gained great interest due to its unique and superb
properties such as ultra-high Young’s modulus and tensile strength, which makes
them promising in serving as a reinforcement of composite materials with desired
mechanical properties, however, the high aspect ratio of carbon nanotubes (CNT),
a feature they share with asbestos, is likely the key factor for reported toxicity of certain CNT. In this study, we compared pulmonary toxicity and carcinogenicity of
two different types of MWCNTs; pristine multi-walled carbon nanotube (PMWCNT), and acid treated multiwalled carbon nanotube (TMWCNT). We administered PMWCNTs, TMWCNTs and sterilized saline as vehicle control into murine
lung by intratracheal instillation and the animals were sacrificed at the time point of
1 month, 6months, 1year following injection (n=5/group). Genetic instability and
tumor occurrence were examined by Comet assay and histopathological analysis respectively. In mice treated with 0.1mg PMWCNT, adenocarcinoma was observed
in 2 of 5 mice while TMWCNT treated mice did not show. Previously, we reported
that MWCNTs could cause genetically unstable status even though the status was
transient. Here, we report that PMWCNTs which were not cleared from the lung
could develop tumors in the lung of mice. Western blot analysis showed that
Cathepsin D was significantly increased in mice instilled with 0.1mg/mouse of
PMWCNTs compared to mice treated with TMWCNTs. Anti-apoptotic protein
Bcl-2 also showed the same pattern of change. Our results demonstrated that
cathepsin D induced excessive apoptosis leading to regeneration response in the
lung that may result in uncontrolled replication and genetically unstable status.

1812

EVALUATION OF LUNG RESPONSE IN GOLDEN
SYRIAN HAMSTERS TO INHALED SINGLEWALLED
CARBON NANOTUBES.

K. H. Bijlani, H. R. Sukhija and J. M. Cerreta. Pharmaceutical Sciences, St. John’s
University, Queens, NY. Sponsor: L. Trombetta.
Singlewalled carbon nanotubes (SWCNTs) are graphene sheets rolled into cylinders that have diameters of few nanometers (nm) and lengths that may extend to
micrometers. Carbon nanotubes have several applications, i.e. as superconductor
material and in manufacture of biosensors. Human exposure may occur in the pro-

duction of SWCNTs and such exposure has the potential of causing injury. To evaluate the potential harmful effects of inhalation exposure to SWCNTs, Golden
Syrian Hamsters were divided into: a control group that was exposed to an aerosol
of autoclaved distilled water and a treated group that was exposed to aerosolized
SWCNT at 2mg/m3 for 4, 8 or 14 days. Hamsters were euthanized one day following completion of exposures, and the lungs were removed and processed for scanning (SEM) and transmission electron microscopy (TEM). Macrophages in bronchoalveolar lavage (BAL) cytospin preparations were assessed for Tumor Necrosis
Factor-α Receptor 1 (TNFR1) and Endothelin Type A receptor (ETA). Results
from SEM demonstrated thickening of alveolar septa and deposition of aggregates
of SWCNTs along the alveolar walls. TEM of 8 day and 14 day SWCNTs treated
hamster lungs demonstrated a distorted ultrastructure with deposition of aggregates/ bundles of SWCNTs in the alveolar spaces and lung cell surfaces that were
ruffled and irregular. Percent TNFR1 positive cells per field were significantly increased in the hamsters exposed to SWCNT for 4, 8 or 14 days as compared to
their respective control groups (p〈0.0001). Immunofluorescence analysis of ETA
receptor demonstrated that in comparison to the control groups, animals treated
with SWCNTs for 4, 8 or 14 days had increased ETA receptor levels. Data from
this study indicate that inhaled SWCNT can reach alveolar spaces and enter cells.
Further, that such particles can cause injury and altered levels of TNFR1 and ETA.

1813

90-DAY INHALATION TOXICITY STUDY WITH
CARBON NANOFIBERS IN RATS: FIBER-RELATED
EFFECTS ON THE RESPIRATORY TRACT DO NOT
IMPACT THE CARDIOVASCULAR SYSTEM.

D. B. Warheit1, Y. Muro2, K. L. Reed1, S. R. Frame1 and M. P. DeLorme1.
1DuPont Haskell Lab., Newark, DE and 2Showa Denko K.K., Tokyo, Japan.
The aim of this study was to investigate the potential cardiovascular (CV) effects
following a subchronic exposure to VGCF™-H carbon nanofibers in male and female SD rats. Groups of rats were exposed nose-only, 6 h/d, 5 d/wk to 0.54, (4.9
f/cc) 2.5 (56 f/cc), or 25 (252 f/cc) mg/m3 VGCF™-H over a 90-day period.
Groups of animals from the high and control group were allowed a 90 day recovery
period to determine the reversibility of any effects observed at the end of the exposure period. In addition to histopathological evaluation of the respiratory tract,
bronchoalveolar lavage (BAL) was also used to assess pulmonary inflammation.
CV-specific endpoints evaluated were prothrombin time (PT), activated partial
thromboplastin time (aPTT), fibrinogen (FBGN), platelets (PLT), C-Reactive protein (CRP) and cardiac specific serum enzymes (CPK, LDH, AST) as well as cell
proliferation (CP) of cardiac tissue using BrdU staining. Exposure to 2.5 and 25
mg/m3 resulted in a minimal and slight inflammation of the terminal bronchiole
and alveolar duct areas, respectively, as well as significant lung weight increases in
rats exposed at the high concentration. Evaluation of BAL fluid biomarkers
(PMNs, LDH, ALKP, microprotein) were significantly elevated (vs. air controls)
only in rats exposed to 25 mg/m3. These findings indicated sustained but lowgrade inflammation in the respiratory tract. With respect to cardiovascular effects,
serum enzymes, coagulation parameters (PT, aPTT, FBGN and PLT) as well as
CRP were unaffected by VGCF™-H exposure at any exposure concentration and
no increases in CP were measured in the cardiac tissue. Therefore, the VGCF™-H
induced pulmonary inflammatory response was not associated with adverse
changes in systemic, cardiovascular endpoints in this study.

1814

INTERDISCIPLINARY IN VITRO APPROACH TO
EVALUATE THE TOXIC POTENTIAL OF ENGINEERED
NANOMATERIALS: GOLD NANOPARTICLES AND
CARBON NANOTUBES AS CASES STUDIES.

Y. Zhang1, W. Salminen2, Q. Shi2, X. Yang2, Y. Jones1, A. Keasling1, A.
Paredes1, S. F. Ali3, T. Chen4, S. Linder5, T. Mudalige5, Y. Xu6, A. S. Biris6 and
P. Howard1. 1Office of Scientific Coordination, and Nanotechnology Core Facility,
NCTR/US FDA, Jefferson, AR, 2Division of Systems Biology, NCTR/US FDA,
Jefferson, AR, 3Division of Neurotoxicology, NCTR/US FDA, Jefferson, AR,
4Division of Genetic and Molecular Toxicology, NCTR/US FDA, Jefferson, AR,
5Arkansas Regional Laboratory, US FDA, Jefferson, AR and 6Nanotechnology Center,
University of Arkansas at Little Rock, Little Rock, AR.
Gold nanoparticles (Au NPs) and single walled carbon nanotubes (SWCNTs) exhibit unique chemical and physical properties that are attractive for many biomedical applications. We examined their uptake and toxicity in vitro in primary rat hepatocytes, mouse leukemic macrophages (RAW 264.7), and rat adrenal
pheochromocytoma cells (PC12). Cytotoxicity was assessed by examining cell
membrane integrity and mitochondrial activity (LDH, XTT and MTT assay) and
oxidative stress (DCF assay; reduced glutathione levels; PCR array for ROS responsive gene expression). Uptake and subcellular localization were monitored using
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transmission electron microscopy (TEM), dark-field microscopy, confocal Raman
microscopy and inductively coupled plasma mass spectrometry (ICP-MS) analysis.
The nanomaterials (Au NP, 5, 10, 50 nm, NanoComposix; SWCNT, uncoated and
PEGylated) were characterized using TEM, particle size analysis in solution, and
spectroscopy (Raman, UV/VIS). Although Au NPs were taken up by the cells in a
time- and size- dependent manner, no cytotoxicity or ROS stress was detected.
Conversely, uptake of SWCNT was cytotoxic and generated ROS in both concentration- and surface coating-dependent manner. PEGylated SWCNT exhibited less
potency than uncoated SWCNTs, indicating that the surface functionalization decreases ROS-mediated toxicological response in vitro . These studies suggest the
surface coating, size and composition play important roles in toxicity of the nanomaterials. The multiple approaches used in this study provided the solid basis to
understand the biological responses of these nanomaterials.

1815

BLTK1 MURINE LEYDIG CELLS AS A NOVEL MODEL
FOR EVALUATING THE STEROIDOGENIC EFFECTS OF
REPRODUCTIVE AND DEVELOPMENTAL TOXICANTS.

R. Jaremba1, A. L. Forgacs1, Q. Ding1, I. T. Huhtaniemi2, N. A. Rahman2 and
T. R. Zacharewski1. 1Department of Biochemistry & Molecular Biology, Center for
Integrative Toxicology, Michigan State University, East Lansing, MI and 2Department
of Physiology, University of Turku, Turku, Finland.
Gonadal steroidogenesis, a target for endocrine disruption, is essential for proper
reproductive development. As the primary site of testosterone (T) synthesis, Leydig
cells are an important model to evaluate the effects of drugs, chemicals, natural
products and contaminants as well as their metabolites and mixtures on steroidogenesis. RT-PCR and western analysis demonstrate BLTK1 cells, a Leydig cell line
isolated from a testicular tumor that developed in a transgenic mouse expressing the
mouse inhibin α promoter/simian virus 40 T-antigen fusion gene, express Star,
Cyp11a1, Cyp17a1, Hsd3b1, and Hsd17b3 required for steroidogenesis.
Treatment of BLTK1 cells with recombinant human chorionic gonadotropin
(rhCG) and forskolin (FSK) induced cAMP (~100-fold), progesterone (~8-fold), T
levels (~4-fold), and 17β-estradiol (~4-fold). rhCG and FSK also elicited temporal
and dose-dependent steroidogenic gene expression, including induction of Star
(rhCG ~10-fold, FSK ~8-fold) and Hsd17b3 (rhCG ~10-fold, FSK ~ 20-fold), and
down-regulation of Insl3 (~2-fold for rhCG), while there were no time or dose effects on Cyp11a1 and Hsd3b1 expression. The effects of prochloraz, atrazine, phthalates (di- and mono- esters), triclosan and glyphosate suggest that alterations to
steroidogenesis can occur by different pathways. For example, prochloraz alone had
no effects, but when co-treated with rhCG, T induction was inhibited by 50%
compared to rhCG alone. Collectively, these data suggest that BLTK1 cells are not
only an excellent model for evaluating reproductive and developmental toxicants
but can also be used to elucidate adverse outcome pathways affecting Leydig cell
steroidogenesis.

1816

ASSESSMENT OF AN IN VITRO HUMAN VAGINAL
EPITHELIAL MODEL FOR PREDICTING VAGINAL
IRRITATION.

E. B. Evans1, R. Priston1, J. Willoughby2, H. N. Wagner2 and J. M. McKim2.
1Kimberly-Clark, Roswell, GA and 2CeeTox, Kalamazoo, MI.
Currently, the vaginal irritation potential of chemical ingredients and finished
products is assessed using the in vivo rabbit irritation model. A viable in vitro
method would be of great value to the personal care industry. In this study, the
EpiVaginal™ reconstructed human epithelial model was evaluated for its ability to
predict vaginal irritation of six surfactants commonly used in personal care products. After completing a range-finding study for toxicity, the tissues were exposed to
various concentrations of each surfactant for 3, 6, 24 and 48 hr. Cell viability was
assessed by MTT and LDH release, while the pro-inflammatory response was determined by IL-1α and PGE2 release. The positive control (1% Triton X-100) resulted in an ET50 of < 3 hr and also increases in the release of LDH (44-fold) and
IL-1α (> 500 pg/mL). PGE2 was relatively unaffected. Exposure to 0.5% SDS, 1%
sodium monolaurate and 1% nonoxynol-9 resulted in a loss of viability with an
ET50 of < 3 hr with increases in the release of LDH (> 34 fold) and IL-1α (296 to
> 500 pg/mL). PGE2 release was also observed, except with exposure to
nonoxynol-9. Exposure to 0.1% benzalkonium chloride and MASIL® SF-19 resulted in an ET50 of 5.2 and 6.4 hr, respectively, with LDH release increasing to >
20-fold by 6 hr. A time-dependent increase in IL-1α release (> 500 pg/mL) and
PGE2 release was observed, though benzalkonium chloride had a much more significant effect on PGE2 release (1184 pg/mL) than MASIL® (486 pg/mL). Finally,
tissues exposed to 10% Cremophor® EL remained relatively unaffected (ET50 >
48 hr) with LDH and IL-1α and release comparable to negative control (PBS).
PGE2 release was also comparable to negative control until 48 hr exposure (749
pg/mL). Overall, these surfactants produced a time dependent increase in markers
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of vaginal irritation that were consistent with the in vivo model. These data suggest
that the EpiVaginal™ system may be a suitable in vitro model to assess the vaginal
irritation potential of common consumer product ingredients.

1817

MECHANISTIC AND LARGE-SCALE ANALYSIS OF
ENVIRONMENTAL EFFECTS ON REPRODUCTIVE
HEALTH USING THE NEMATODE C. ELEGANS.

P. Allard and M. P. Colaiacovo. Genetics, Harvard Medical School, Boston, MA.
Aneuploidies, or abnormal numbers of chromosomes in a cell, originate from errors
in segregation of chromosomes during the two highly regulated programs of cell division, mitosis and meiosis. The consequences of aneuploidies of meiotic origins are
devastating as they contribute to infertility, birth defects and germ cell tumors.
There is also a clear, although incompletely understood, environmental contribution in the etiology of meiotic chromosome segregation in mammals. Despite the
severe health outcomes of meiotic aneuploidies, the screening of environmental
toxicants for their ability to disrupt meiosis and cause aneuploidy has been severely
lagging. Thus, we currently lack the tools to efficiently and comprehensively interrogate our chemical environment for its effect on meiotically-derived aneuploidies.
Here, we describe the use of the common model system Caenorhabditis elegans to
address this gap. By mobilizing the genetic tools available in the worm, we dissected
the exposure pathways disrupted by environmental chemicals and affecting reproduction as exemplified by our work with Bisphenol A. We are also building a multiassayable luciferase/GFP reporter system that provides a read-out of aneuploidies.
We have established that the system accurately sorts known aneugenic versus nonaneugenic chemicals by testing our system against chemotherapeutic agents. In the
second phase of the project, we are now screening Toxcast Phase I 309 chemicals
with the goal of screening the Tox21 library of about 10,000 compounds. The hits
will be analyzed in detail using the genetic tractability offered in C. elegans system.
Together, the work proposed opens novel toxicity screening strategies with deep implications on our knowledge of reproductive toxicants and human risk assessment.
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ERα MARCONI AS AN IN VITRO ALTERNATIVE FOR
THE RAT UTEROTROPHIC ASSAY FOR ENDOCRINE
DISRUPTORS.

R. Houtman1, M. van Duursen2, P. Lord1 and R. Ruijtenbeek1. 1PamGene
International BV, Den Bosch, Netherlands and 2IRAS, Utrecht University, Utrecht,
Netherlands.
The rat uterotrophic assay (RUA) is widely accepted for the detection of endocrine
disruptors, i.e. substances that disturb estrogen receptor alpha (ERα) mediated
physiology. However, the increasing public, governmental and scientific concern
over the use of animals in research asks for the development of alternative in vitro
approaches. We have applied ERα MARCoNI (Microarray Assay for Real-time Coregulator-Nuclear receptor Interaction) on a set of reference compounds that are established as positives or negatives in the RUA (17-β-estradiol, dienestrol, ethinyl
estradiol, genistein, testosterone, zearalenol, 4-hydroxy tamoxifen, progesterone, tamoxifen, bisphenol A, carbon tetrachloride, corticosterone). In this technique,
compounds are profiled for their ability to modulate ERα activity, i.e. receptorcoregulator binding. Peptide microarrays are constructed with 155 peptides representing coregulator-derived LxxLL-motifs. GST-tagged human ERα-LBD was incubated with an 8-point concentration series for each compound, using a single
concentration per array. ERα binding was visualized using a fluorescently labeled
GST antibody and quantified. Compound-induced modulation (MI) of ERα
binding to each individual peptide was calculated. A classification method based on
Partial Least Squares-Discriminant Analysis was applied to these MI profiles to
build a class-prediction model from the compound MI profiles to discriminate positive from negative endocrine disruptors). Using this model we were able to reproduce RUA compound classification accurately. Moreover, unsupervised clustering
of differential MI profiles enabled both additional compound classification such as
of agonists vs. antagonists (e.g. estradiol vs. tamoxifen) and full vs. partial agonists
(e.g. estradiol vs. zearalenol) and indicate different mechanisms of action for agonists. In summary, the peptide microarray based analysis of compound-induced
modulation of ERα-coregulator interaction profiles may provide a simple and
high-throughput in vitro alternative to the uterotrophic assay.
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A FUNCTIONAL, SENSITIVE, AND SPECIFIC CELLBASED ASSAY FOR ENDOCRINE DISRUPTOR.

R. A. Lewis, B. A. Samson, R. N. Ghosh, A. M. Laura, J. R. Haskins and M. L.
Pietila. Life Sciences Research—Cellomics, Thermo Fisher Scientific, Pittsburgh, PA.
Environmental contaminants and industrial pollutants that interact with estrogen
and androgen receptors can profoundly affect normal development and hormonal
homeostasis and have been linked to numerous health and reproductive problems

in both humans and wildlife. Regulatory mandates requiring endocrine disruption
risk assessment for consumer products present major obstacles to current testing
procedures that are expensive, time consuming, and require a large number of animals. The obstacles can be addressed by an automated procedure to assess a chemical’s endocrine activity in vitro as a pre-screen prior to investigating potential organismal and environmental impact. An automated in vitro assay that categorized
and prioritized chemicals on their ability to alter endocrine receptor activity would
also reduce animal testing. We thus developed cell-based assay workflows to efficiently test chemicals for their ability to activate GFP-tagged estrogen receptor
alpha (ERα) or androgen receptor (AR). These receptors form nuclear foci in response to stimulation that can be easily quantified by automated fluorescence imaging. In addition to nuclear foci, other properties of individual cells are simultaneously measured resulting in direct assessment of compound toxicity, comparison to
positive controls, and overall mechanism of action. Compared to currently validated in vitro endocrine disruption assays, this cell-based functional assay resulted
in high specificity and sensitivity (>80%) on a panel of compounds that included
pesticides, phytoestrogens, and plasticizers. The ERα assay detects bisphenol A at
~66 ppb, which is more sensitive than the current allowable intake limits from several regulatory agencies. These assays were developed following EPA and ICCVAM
guidelines for endocrine disruption assays and provide functional in vitro determination of receptor activity resulting in a more thorough assessment of the potential
for in vivo endocrine disruption.
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SCREENING FOR ENDOCRINE DISRUPTORS IN
PRODUCT DEVELOPMENT: TIERED TESTING USING
IN VITRO AND IN VIVO ASSAYS.

R. Buesen, S. N. Kolle, T. Ramirez, B. Flick, H. G. Kamp, B. van Ravenzwaay
and R. Landsiedel. Experimental Toxicology and Ecology, BASF SE, Ludwigshafen
am Rhein, Germany.
The development and application of in vitro screening tools significantly enhanced
our ability to detect indicators of relevant toxicological potential. The early detection of toxicity during substance development is a key element in the decision making process to promote or discontinue development of new chemicals/active ingredients and thereby optimizes the efficient use of resources and reduces animal
testing. Here, we present our approach to reduce and refine animal testing to detect
substances with an endocrine mode of action. Most endocrine disruptors interact
with hormone receptors or steroid biosynthesis/ metabolism, thereby modifying the
physiological function of endogenous hormones. Therefore, in this study receptor
mediated endocrine effects were assessed using the yeast based receptor mediated
transcriptional activation YES/YAS assays and effects on steroid hormone biosynthesis were assessed using the human cell line H295R screening assay based on
OPPTS 890.1550 and OECD TG 456. The effects observed in vitro were confirmed in an in vivo repeated dose study in which plasma samples were obtained
and analyzed for their metabolome profile. This analysis allowed us to confirm or
disconfirm amongst many other modes of action, the potential in vivo endocrine
effect of a compound. Therefore, specific, but additional in vivo studies such as the
Hershberger assay (OECD TG 441) or uterotrophic assay (OECD TG 440) are
rarely needed. This approach combined with the use of modern toxicological techniques has significantly increased the efficient allocation of resources and reduced
animal use and thereby presents an important contribution to animal welfare in
product development. We present here data on 14 reference substances for which
the in vitro YES/YAS and steroidogenesis assays and the in vivo metabolome analysis were performed to assess their putative endocrine mode of action.
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COMPUTATIONAL MODELING OF HYPOTHALAMICPITUITARY-GONADAL AXIS TO PREDICT ADAPTIVE
RESPONSES IN FEMALE FATHEAD MINNOWS
EXPOSED TO AN AROMATASE INHIBITOR.

M. Breen1, 2, D. L. Villeneuve3, G. Ankley3, D. Bencic4, M. S. Breen5, K. H.
Watanabe6, A. L. Lloyd2 and R. B. Conolly1. 1Integrated Systems Toxicology
Division, NHEERL, ORD, US EPA, Research Triangle Park, NC, 2Biomathematics
Program, Department of Mathematics, North Carolina State University, Raleigh, NC,
3Mid-Continent Ecology Division, US EPA, Duluth, MN, 4Ecological Exposure
Research Division, National Exposure Research Laboratory, US EPA, Cincinnati, OH,
5National Exposure Research Laboratory, US EPA, Research Triangle Park, NC and
6Department of Environmental and Biomolecular Systems, Oregon Health & Science
University, Beaverton, OR.
Exposure to endocrine disrupting chemicals can affect reproduction and development in both humans and wildlife. We are developing a mechanistic computational model of the hypothalamic-pituitary-gonadal (HPG) axis in female fathead
minnows to predict dose-response and time-course (DRTC) behaviors for endocrine effects of the aromatase inhibitor, fadrozole (FAD). The model includes

two feedback regulatory loops within the HPG axis that mediate adaptive responses to endocrine stress. One regulatory loop controls the secretion of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) from the brain, and
the other regulates LH and FSH receptor recycling in the ovary. Data on plasma
E2 and ovarian CYP19A mRNA from two experiments with a post-exposure recovery phase were used to develop and evaluate the model. In the experiments, fathead minnows were exposed to FAD at 0, 3, or 30 μg/L for 8 days followed by an
8-day recovery phase (experiment 1) or to FAD at 0, 0.5, or 30 μg/L for 8 days followed by a 20-day recovery phase (experiment 2). Adaptive changes in plasma E2
levels occurred during exposure and overshoot occurred post-exposure. Model parameters were estimated using E2 concentrations for 0, 0.5, and 3 μg/L FAD
doses. The model predicted dynamic E2 concentrations for 0, 0.5, and 3 μg/L fit
closely to time-course measurements. This abstract does not necessarily reflect US
Environmental Protection Agency policy.
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ICCVAM RECOMMENDATIONS AND LIMITATIONS OF
THE BG1LUC ER TA TEST METHOD FOR
IDENTIFYING ESTROGEN RECEPTOR AGONISTS AND
ANTAGONISTS.

D. Hattan1, K. Carlson2, A. Jacobs3, J. Bray3, W. Casey4 and W. Stokes4.
1CFSAN, US FDA, College Park, MD, 2CPSC, Bethesda, MD, 3CDER, US FDA,
Silver Spring, MD and 4NTP/NICEATM, NIEHS, Research Triangle Park, NC.
ICCVAM recently completed an evaluation of the BG1Luc estrogen receptor (ER)
transcriptional activation (TA) test method. An international interlaboratory validation study was conducted to determine the usefulness and limitations of the BG1
Luc ER TA test method as a screening tool to identify substances with in vitro ER
agonist and antagonist activity. Three laboratories (one each from the US, Europe,
and Japan) tested coded reference chemicals up to three times each. Results were
similar across the three participating laboratories. For the agonist protocol, only
one of the 35 reference substances that produced a definitive result was discordant
(false negative) with existing reference data from other in vitro ER TA assays. For
the antagonist protocol, all 25 reference substances that produced a definitive result
were concordant with existing reference data from other in vitro ER TA assays. The
BG1Luc ER TA test method results were also compared to results from the only in
vitro ER TA test method currently included in national and international regulatory testing guidelines (i.e., US EPA OPPTS 890.1300/OECD Test Guideline
[TG] 455), resulting in identical accuracy statistics when each method tested the
same agonist reference chemicals. ICCVAM concluded that the accuracy of this
assay is at least equivalent to US EPA OPPTS 890.1300/OECD Test Guideline
455 test methods. Thus, the BG1Luc ER TA may be applicable to the US EPA
Endocrine Disruptor Screening Program. ICCVAM considered the peer review
panel report, public comments, and the comments of SACATM in preparing the
ICCVAM final test method recommendations. ICCVAM recommends that the
BG1Luc Estrogen Receptor ER TA test method be used as a screening assay to
identify substances with in vitro ER agonist and antagonist activity.
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ICCVAM PERFORMANCE STANDARDS FOR THE
BG1LUC ER TA TEST METHOD.

W. Casey1, D. Hattan2, K. Carlson3, A. Jacobs4, J. Bray4, J. Hamm5, P. Ceger5,
D. Allen5 and W. Stokes1. 1NTP/NICEATM, NIEHS, Research Triangle Park, NC,
2CFSAN, US FDA, College Park, MD, 3CPSC, Bethesda, MD, 4CDER, US FDA,
Silver Spring, MD and 5NTP/NICEATM, ILS, Inc., Research Triangle Park, NC.
Performance standards can be used to evaluate the accuracy and reliability of proposed test methods that are functionally and mechanistically similar to an accepted
test method. ICCVAM recently recommended performance standards for the
BG1Luc estrogen receptor (ER) transcriptional activation (TA) test method. The
performance standards were based on results from an international interlaboratory
validation study, and include essential test method components, reference substances, and standards for accuracy and reliability. Essential components include: a
cell line that endogenously expresses human ERs and is stably transfected with a reporter gene, use of a solvent miscible with cell culture media, a defined concentration limit for agonist (1 mM) or antagonist (10 μM) testing, evaluation of cytotoxicity, a reference estrogen, anti-estrogen, and positive and solvent controls. The
reference substances should cover the range of ER responses, both positive and negative. When the reference substances are evaluated in a newly proposed method, the
accuracy and reliability should approximate those of the validated ER TA test
method: accuracy of 100% (34/34), sensitivity of 100% (27/27), specificity of
100% (7/7), false positive rate of 0% (0/7), and false negative rate of 0% (0/27) for
agonists; and accuracy of 100% (10/10), sensitivity of 100% (3/3), specificity of
100% (7/7), false positive rate of 0% (0/7), and false negative rate of 0% (0/3) for
antagonists. Although it is not realistic to expect test methods to perform identically, the basis for any discordant results should be discussed along with the impact
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on the proposed use. These ICCVAM performance standards are expected to facilitate the efficient evaluation of new test methods proposed for evaluation of ER agonist and/or antagonist activity. ILS staff supported by NIEHS Contract N01-ES35504.
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BIOENERGETICS CHARACTERIZATION OF HUMANINDUCED PLURIPOTENT STEM (IPS) CELL-DERIVED
CARDIOMYOCYTES GROWN IN DIFFERENT CARBON
SOURCES.

P. Rana1, S. Engle1, B. Anson2 and Y. Will1. 1Compound Safety Prediction, Pfizer
Global Research & Development, Groton, CT and 2Cellular Dynamics International,
Madison, WI.
iCells™ (Cellular Dynamics International, Madison, WI) are highly purified
human cardiomyocytes derived from induced pluripotent stem (iPS) cells through
differentiation and purification protocols. Adult heart prefers fatty acids for energy
utilization, however very little is known about the bioenergetics of iCells and their
preferred substrate for energy utilization. Cells grown in high glucose are mostly
glycolytic because they tend to use glycolysis for energy production despite of having fully functioning mitochondria. Here, we investigated the bioenergetics of
iCells grown in different substrate media (high-glucose, low-glucose, galactose, and
fatty acids (oleic acid and palmitate)) and their preferred substrate for energy utilization using the XF96 flux analyzer. We investigated effect of mitochondrial modulators (Rotenone, Antimycin, and Oligomycin,) on iCells growing in the different
substrate media.. We observed that iCells grown in galactose and fatty acids media
were more sensitive to mitochondrial modulators compared to cells grown in
high/low glucose media. iCells grown in galactose and fatty acids media displayed
higher mitochondrial reserve capacity and maximum respiratory capacity compared
to cells cultured in high/low glucose media. Furthermore, complete inhibition of
oxidative phosphorylation (OXPHOS) reduced ATP levels in cells growing in
galactose and fatty acids suggesting that these cells have limited ability to increase
glycolysis to preserve energy levels under these conditions. In contrast, inhibition of
OXPHOS did not reduce ATP levels in cells grown in high/low glucose suggesting
an increase in glycolytic activity. In summary, cultured iCell cardiomyoctyes can use
a diverse set of substrates, including high and low-glucose, galactose and fatty acids.
However, only iCells grown in galactose and fatty acids display an aerobic (heart
like) phenotype.

1825

THE ROLE OF METABOLISM IN DICLOFENACINDUCED INTESTINAL TOXICITY IN RAT AND
HUMAN IN VITRO.

X. Niu, M. Langelaar, I. de Graaf and G. Groothuis. Pharmacokinetics, Toxicology
and Targeting, Groningen Research Institute of Pharmacy, Groningen, Netherlands.
Sponsor: A. Vickers.
The use of Diclofenac (DCF), a non-steroidal anti-inflammatory drug is associated
with severe gastro-intestinal side-effects. The mechanisms of drug-induced intestinal toxicity are largely unknown due to the lack of in vitro models. In vivo rat
studies suggested that reactive metabolites of DCF especially diclofenac acyl-glucuronide (DAG) produced by liver played an important role in intestinal toxicity.
Whether DCF is directly toxic to the intestine is not known. In this study, human
as well as rat precision-cut intestinal slices (PCIS) are used as an in vitro model to
investigate the mechanism of DCF-induced intestinal toxicity.
PCIS from rats and 4 human individuals were incubated with different concentrations of DCF, metabolite formation as well as toxicity were tested. ATP content and
morphology were used as markers for toxicity. Dose-dependent toxicity of DCF
was shown for both species: 200 μM DCF caused a significant decrease in ATP and
morphological damage in rats. Human intestinal slices were more resistant to DCF
and significant damage was induced at concentrations ≥400 μM. Minor amounts
of hydroxylated DCF as well as DAG were detected in rat and human PCIS; but
with a large variation among human individuals. Drug-protein adducts were detected by immunohistochemistry staining using anti-DCF antibody. To investigate
the role of DAG in the mechanism of toxicity, the PCIS were incubated with DCF
in the presence of a non-toxic concentration of the glucuronidation inhibitor borneol (0.5mM). Borneol effectively decreased the formation of DAG but did not
further reduce the toxicity compared with DCF alone.
In conclusion, using PCIS as an in vitro model we show that DCF is directly toxic
to the human and rat intestine. Human intestine appears less sensitive to DCF-induced toxicity. Similar metabolic profiles are found in rat and human intestinal
slices, meanwhile drug-protein adducts are detected. However the role of the reactive metabolite DAG in DCF-induced intestinal toxicity could not be confirmed.

392

SOT 2012 ANNUAL MEETING

1826

ASSESSMENT OF AN IN VITRO HUMAN INTESTINAL
EPITHELIAL CELL MODEL FOR EVALUATION OF
PROTEIN CYTOTOXICITY.

M. Harper1, W. Pirzai2, B. Hurley2, G. Ladics3 and B. Delaney1. 1Pioneer HiBred Intl., Inc., Ankeny, IA, 2Department of Pediatrics, Mucosal Immunology
Laboratory, Massachusetts General Hospital and Harvard Medical School,
Charlestown, MA and 3DuPont Experimental Station, Wilmington, DE.
Historically, the toxicity of individual proteins has been evaluated in mice or other
laboratory animals by oral exposure and requires multiple grams of protein.
However, it is generally appreciated that proteins that are toxic to humans and
other animals following oral exposure exhibit toxicity toward intestinal cells or systemic toxicity following absorption from the gastrointestinal (GI) system. In this
study, we evaluated in vitro indicators of cytotoxicity and cellular health using the
human intestinal epithelial cell line T84 grown on permeable TranswellTM filters.
This well characterized in vitro culturing method results in the formation of a polarized intestinal epithelial monolayer that exhibits a functional barrier and serves as
a model of the human GI system. Intestinal epithelial monolayers were exposed on
the apical surface to a diversity of well-known innocuous proteins and multiple
toxic proteins produced by bacterial pathogens, allergens from milk and peanuts,
and toxic plant lectins. Our objective was to determine whether this in vitro
method has the potential to complement or substitute for acute oral toxicity studies
in animals. This study describes the physiological impact of proteins on cell function by monitoring cytotoxicity indicators (LDH release and MTT reduction), integrity/permeability changes (3H-inulin flux, HRP flux and trans-epithelial electrical resistance) as well as activation of inflammatory readouts (IL-8,IL-6). Our
results demonstrate that multiple toxic proteins exert reproducible effects on various physiological metrics of the intestinal in vitro system. We conclude that further
evaluation of the intestinal barrier in vitro system is warranted as it may prove useful as an additional tool to analyze proteins with unknown toxicity profiles, particularly in the evaluation of low abundance target proteins.
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DNA ADDUCTS FORMED IN FETAL TURKEY LIVER BY
AROMATIC AMINE-CONTAINING LOCAL
ANESTHETICS.

A. M. Jeffrey, J. Duan, K. D. Brunnemann and G. M. Williams. Department of
Pathology, New York Medical College, Valhalla, NY.
Lidocaine (lido), Prilocaine (prilo) and Novocaine (novo) are widely used as local
anesthetics either individually or in combination. Metabolically, they are cleaved to
release single ring aromatic amines, 2,6-xylidine, o-toluidine and aniline, respectively. We have previously shown that lido > prilo form DNA adducts in the nasal
mucosa and liver of treated F344 rats via their aromatic amine metabolites, although at lower levels than equal molar quantities of their respective amines (Duan,
J.-D., et al. (2008) Drug Metab. Disp. 36, 1470-1475). The aim of our study was
to assess the ability of these compounds to form DNA adducts in fetal turkey livers
as an alternative genotoxicity testing assay for these and other similar compounds.
Fertilized turkey eggs (average weight 85 g) were incubated at 37°C and 60% humidity. The development of the eggs was monitored with a strong flashlight and/or
a Buddy digital egg monitor (Avitronics, England) and those which did not develop
were removed. A single injection of doses ranging from 50-200 μmoles per egg of
lido, prilo and 50-400 μmoles per egg of novo into the air sac of the turkey eggs in
200 μl water was made at day 23 of development (5 days before hatching). Water
served as the vehicle control. After 24 hours, the eggs were opened and the livers
were removed. Two repeat injections of lido and prilo were made on day 22 and 23,
and three repeat injections were done on days 21, 22 and 23. Survival was proportional to dose with toxicity being lido > prilo> novo. DNA adducts were detected in
livers of treated eggs: prilo > lido > novo or their corresponding aromatic amines.
These results are similar to those found in rats for lido and prilo except that the levels of lido DNA adducts were greater than those from prilo.
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DETERMINATION OF SKIN AND AIRWAY
GENOTOXICITY POTENTIAL USING THE NORMAL
HUMAN 3-DIMENSIONAL (NHU-3D) EPIAIRWAY,
EPIDERM, AND EPIDERM-FT IN VITRO HUMAN
MODELS AND THE COMET ASSAY.

A. Armento, J. DeLuca, Y. Kaluzhny, M. Klausner, R. Smith and P. J. Hayden.
MatTek Corp., Ashland, MA.
Determination of genotoxicity potential is an important factor for safety assessment
of chemicals that may be present in drugs, consumer products, occupational chemicals or environmental pollutants. Due to recently enacted legislation including

REACH and a ban on animal testing of cosmetics by the 7th Amendment to the
Cosmetics Directive, predictive organ-specific genotoxicity tests are urgently
needed. Commonly used in vitro genotoxocity assays produce a high false positive
rate, limiting their utility for predicting human genotoxicity. In addition, genotoxicity assays based on immortalized cell lines typically suffer from significant drawbacks including deficient function of p53, NFkB and other important genotoxicity
related cellular pathways. Furthermore, for assessment of organ-specific genotoxicity, NHu-3D organotypic in vitro human tissue models with in vivo-like barrier
function and metabolic capability will have improved biological relevance and predictive ability. The current poster describes application of the comet assay for genotoxicity screening with NHu-3D airway (EpiAirway) and skin (EpiDerm,
EpiDerm-FT) tissues. These organotypic models reproduce the 3D structure, barrier function and xenobiotic metabolizing capabilities of in vivo epithelial tissues.
In vitro tissues were digested with trypsin to produce cell suspensions for Comet
Assay experiments. Comets were visually scored in duplicate tissues and % tail
DNA was determined. Untreated control samples produced low background comet
scores that were independent of the donor cells. Treatment of tissues with known
direct genotoxins such as methyl methane sulfonate and 4-nitroquinoline, or indirect genotoxins that require metabolism such as benzo(a)pyrene or cyclophosphamide, produced statistically significant, dose-dependent increases in % tail
DNA. Thus, the Comet Assay appears to be a promising approach to in vitro genotoxicity testing in airway and dermal tissues.
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IN SILICO METHODS OF GENOTOXICITY
PREDICTION: CAN IT BE USED RELIABLY FOR
PREDICTION OF IN VITRO/IN VIVO GENOTOXICITY?

M. Mishra1, 4, R. Poduri1, 5, G. Jena1, C. Mohan2, N. Parikh3 and A.
Chakraborti3. 1Department of Pharmacology & Toxicology, National Institute of
Pharmaceutical Education & Research (NIPER), Mohali, Punjab, India,
2Department of Pharmacoinformatics, NIPER, Mohali, Punjab, India, 3Department
of Medicinal Chemistry, NIPER, Mohali, Punjab, India, 4Graduate Center for
Toxicology, University of Kentucky, College of Medicine, Lexington, KY and 5School of
Basic and Applied Sciences, Centre for Chemical and Pharmaceutical Sciences,
Central University of Punjab, Bathinda, Punjab, India. Sponsor: M. Vore.
The main purpose of carrying out this study was to test the reliability of already
available models for prediction of genotoxicity and determining if the genotoxicity
in animal models can be reliably predicted. In this study, we first used a pharmaceutical and nonpharmaceutical dataset to test the sensitivity, specificity and concordance of available models in TOPKAT, DEREK, Lazar, and various QSAR
models such as Binary QSAR model, Bayesian Model, k-NN (k- nearest neighbor
algorithm) method, which are developed using MOE, Discovery Studio 2.5.0, and
ToxMatch v1.06, respectively. As most of the available models do not predict the
genotoxicity of compounds in animal models, and after checking concordance of
these models for Ames mutagenicity, we developed a QSAR for prediction of genotoxicity in an animal model. After carrying out internal validation (by leave-oneout method) and external validation (using training-set and test-set) of these models, we screened a set of 14 new chemical entities. We also screened their
metabolites for genotoxicity and finally selected 4 compounds based on the predictions, for further testing by Micro-nucleus and Comet Assay in mice. Results
demonstrated that these models can be successfully used for screening of in vivo
genotoxicity, provided that most of the factors (e.g., metabolism, mechanism of
toxicity, etc.) are taken into consideration. Highest accuracy of prediction shown by
any QSAR model in this study was 75.32%.
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USE OF NORMAL HUMAN 3-DIMENSIONAL (NHU-3D)
TISSUE MODELS (EPIDERM, EPIAIRWAY) FOR
NANOTOXICOLOGY APPLICATIONS.

P. Hayden1, Y. Kaluzhny1, A. Armento1, V. Karetsky1, J. Kubilus1, S.
Ayehunie1, H. Kandarova2 and M. Klausner1. 1MatTek Corporation, Ashland, MA
and 2MatTek In Vitro Life Science Laboratories, Bratislava, Slovakia.
Nanomaterials are increasingly utilized in numerous commercial applications
where dermal contact, inhalation, or oral ingestion is likely. However, their toxicological properties are largely unknown. Potential adverse effects of nanoparticle exposure include allergenicity, cytotoxicity, and genotoxicity. Nanomaterials may
enter the body by interacting with, and eventually crossing, epithelial barriers including the skin, airway, and intestinal epithelium. Once inside the body, additional interactions with internal organs such as the heart, liver, brain, kidney, and
others, are possible. Therefore, there is an urgent need for animal alternative tissue
models that can be utilized for toxicological evaluation of nanoparticle materials.
This poster summarizes results from experiments using in vitro NHu-3D skin
(EpiDerm, EpiDerm-FT) and airway (EpiAirway) models and well characterized
nanomaterials. Using confocal microscopy, we observed penetration of fluores-

cently-labeled polystyrene nano-beads into NHu-3D tissue models, EpiAirway and
EpiDerm; significantly higher penetration of 49 nm versus 100 nm particles was
observed. In addition, comet assay genotoxicity experiments showed dose-dependent increases in %Tail DNA after treatment of EpiDerm tissues with: a) single wall
carbon nanotubes (1-4 nm), Fullerenes C60 (avg particle size =120 nm), ultra fine
titanium oxide (3-10 nm), and crystalline silica (avg particle size = 450 nm). These
studies and others already in the literature demonstrate that in vitro NHu-3D models are useful tools for the study of nanoparticle interactions and potential toxicologic effects on epithelial tissues.
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THE USE OF DERMAL AND LUNG IN VITRO MODELS
TO EVALUATE POTENTIAL OCCUPATIONAL EFFECTS
OF MILITARY FUELS.

K. L. Mumy1, T. L. Doyle1 and D. Mattie2. 1Naval Medical Research Unit, WrightPatterson AFB, Dayton, OH, 211 HPW/RHPB—US Air Force, Wright-Patterson
AFB, Dayton, OH and 3Naval Medical Research Unit, Wright-Patterson AFB,
Dayton, OH.
Given the extensive use of fuels within the U.S. Armed Forces, fuel exposure remains an area of concern with regard to the occupational health risks to military
personnel. The potential health risks, coupled with many new fuels in the form of
previously untested alternative and bio-based fuels, increases the need for reliable
methods for comparing potential risk among fuels. While animal models are well
validated and historically used to evaluate the effects of fuel exposure, there is a demand for in vitro methods capable of rapidly and economically screening these effects in order to accommodate the number of fuels. Toward this goal, two dermal
and one lung in vitro models were used to evaluate a series of military alternative
and bio-based jet fuels in comparison to the conventional fuel, Jet Propulsion 8 (JP8). As a means to assess dermal effects, a 3-D human skin model was used and
found to be resilient to the fuels tested when exposed to 50 μl/9 mm tissue for up
to 40 h. Alternatively, a human epidermal keratinocyte cell line exposed for only 10
min resulted in an immediate loss (30%) in viability following JP-8 exposure, with
similar losses for other fuels. Viability continued to decrease over the next 24 h to
50% for JP-8 exposed cells, with exposure to other fuels resulting in varying levels
of viability allowing comparisons between the fuels. As a separate screen designed to
assess the effect of fuel exposure on the lung, human lung epithelial cells were exposed to fuels, directly or as vapor, in the presence of macrophages. Vapor exposure
resulted in changes in viability that could be differentiated between fuels, while direct exposure did not. Numerous cytokines were also evaluated with only minor
differences observed. Taken together, these in vitro models show the potential to
provide a rapid and cost-effective means of screening the toxicological effects of alternative fuels in comparison to conventional fuels (sponsored by Air Force
Surgeon General).
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PREDICTING PHOTOSENSITIZATION USING AN IN
VITRO METHOD.

P. Rao1, D. J. Keller2, P. C. Wilga2 and J. M. McKim2. 1Energizer Personal Care,
Allendale, NJ and 2CeeTox, Kalamazoo, MI.
The safety of OTC drugs, cosmetics and personal care products is an important
part of product development. Standard tests for chemical sensitization have depended on animals. Amendment 7 of the European Cosmetics Directive requires
the development of in vitro methods that replace animal usage. Although some in
vitro approaches are under evaluation, SenCeeTox® is the only method designed to
identify sensitization potential and provide a potency category. This assay relies on
a concentration response of genes controlled by the antioxidant response element
(ARE), cytotoxicity, direct reactivity, solubility, and dermal permeability to predict
the sensitization potential. The aim of this study was to determine if an in vitro alternative method (SenCeeTox® ) could be used to identify photoallergens. Four
known photo activated chemicals (oxybenzone, avobenzone, octisalate, and padimate-O) relevant to the OTC drug/cosmetic industry were selected. Glycerol, pbenzoquinone, and naproxen were used as negative controls, while ciprofloxacin
and TSA were used as positive controls for photoactivation. Test compounds were
prepared in DMSO and then diluted into PBS. The samples were divided into two
groups, one exposed to 6J/cm2 UVA light, and one that remained in the dark.
Following the light exposure, an aliquot was removed and evaluated for direct reactivity using glutathione (GSH) depletion. A second aliquot was mixed with culture
medium and applied to a human keratinocyte (HaCaT) cell in 96-well plates.
Following a 24 hr exposure, cells were assessed for cytotoxicity (MTT) and ARE
controlled gene expression (qRT-PCR). Analysis of cell viability, gene expression,
and reactivity data indicate that SenCeeTox® may be useful for identifying chemicals that are photoallergens.
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ADOPTING TESTING CONDITIONS OF THE
VALIDATED CFU-GM ASSAY FOR HEMATOTOXICITY
TO LIQUID CULTURES OF CD34+ HEMATOPOIETIC
STEM CELLS IN A MICROWELL FORMAT.

H. Behrsing1, J. Hamre III1, M. Davis2 and R. Parchment1. 1In Vitro Toxicology
and ADME: Screening, Laboratory of Human Toxicology and Pharmacology, SAICFrederick/NCI-Frederick, Frederick, MD and 2Division of Cancer Treatment and
Diagnosis, National Cancer Institute, Bethesda, MD.
The validated clonogenic assay for the colony forming unitgranulocyte/macrophage (CFU-GM) progenitor can be used to determine exposure associated with severe neutropenia and to quantify differences in susceptibility
of different species to bone marrow toxicants. Despite its acceptance by ECVAM as
an alternative to animal testing, the CFU-GM assay is unsuitable for use in drug
discovery or screening toxicology settings due to low through-put and specialized
techniques. In culture conditions adopted from the CFU-GM assay, CD34+ stem
cells showed proliferation and differentiation into CD11b+, CD13+, CD117+ and
myeloperoxidase+ daughter cells over 7-14 days of liquid culture. By day 14, cell
numbers were sufficiently high to quantify IC90 values for myelosuppressive
chemotherapeutic agents (vinca alkaloids, taxanes and a topoisomerase 1 inhibitor),
which were indistinguishable from IC90 values derived from CFU-GM assays.
Secreted IL6 and IL8 increased by ~60- and ~3000-fold, respectively, over the 14day period, consistent with myeloid differentiation in response to rGM-CSF.
Accelerated CD34+ cell proliferation and differentiation from additional cytokines
decreased the accuracy of the IC90 values, similar to previous results from adding
IL3, IL6, G-CSF, and Stem Cell Factor to the required rGM-CSF in the CFU-GM
assay. Adopting the validated testing conditions of the CFU-GM assay to a multiwell plate format and incorporating infrared fluorescence methodology to quantify
low numbers of lineage-specific daughter cells of interest have resulted in a method
that deserves evaluation as a substitute for the validated CFU-GM assay. Funded by
NCI Contract No. HHSN261200800001E.

1834

EVALUATING IN VITRO MODELS FOR THE
PREDICTION OF CNS EXPOSURE TO CHEMICAL
ENTITIES.

A. Stevens1, C. Cantrill2, P. Mistry1, J. Wright1 and J. Penny2. 1Syngenta,
Bracknell, United Kingdom and 2University of Manchester, Manchester, United
Kingdom. Sponsor: R. peffer.
In chemical discovery, an important early phase is the investigation of central nervous system (CNS) exposure and hence potential neurotoxicity of new chemical entities. In vitro models can be used to predict the exposure of compounds in the
CNS. The characteristics of the model will influence the degree of predictivity. An
optimum model should be representative of the in vivo blood brain barrier (BBB)
and possess key physiological characteristics such as tight junction formation and
functional activity of key transporter proteins such as P-glycoprotein (P-gp).
Culturing brain endothelial cells has proved challenging and as a consequent often
surrogate models such as Madin Darby canine kidney (MDCK) cells transfected
with human P-gp are utilized as they offer a high throughput solution. The limitations of the MDCK model include the specificity of the overexpressed protein to
measure the interaction of chemical entities with human P-gp. This study explores
the utility of MDCK cells and an advanced primary porcine in vitro BBB model to
aid the prediction of CNS exposure. The distribution of compounds into the CNS
is influenced by plasma and tissue protein binding as well as passive and active
transport processes across the BBB. An integrated approach involving the measure
of free plasma and tissue concentration by equilibrium dialysis and permeability
data generated from the in vitro BBB model was utilised to identify improved in
vivo predictions. In vitro Kp (Kp,pred) was determined for a set of eleven test compounds with a range of physicochemical properties. Kp,pred obtained from the
porcine BBB model showed 55% of compounds within 3-fold of observed in vivo
data compared to 25% generated from MDCK cells. In particular, MDCK cells
underpredicted the distribution of P-gp substrates, namely Amprenavir,
Risperidone and Saquinavir whereas the porcine BBB model showed improved predictions of observed Kp for these compounds indicating that this model may provide a better prediction of CNS exposure possibly owing to the more relevant physiology of the system.

1835

PARACRINE SIGNALING IN A NOVEL MODEL FOR
HEPATOCYTE-PREADIPOCYTE COCULTURES.

A. R. Uzgare and A. P. Li. In Vitro ADMET Laboratories LLC, Columbia, MD.
Obesity is a serious public health problem and a major risk factor for cardiovascular
disease, certain types of cancer, and type2 diabetes. Hence there is a need for physiologically relevant cellular models that can mimic adipogenesis. Currently, most
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cellular models utilize single cell type cultures of 3T3-L1 preadipocytes that are induced to undergo adipogenesis. However the effect of other cell types on
preadipocyte growth and differentiation has not yet been elucidated¬¬. Since secreted factors from the liver are distributed throughout the body, as are products of
drug metabolism, the effects of such paracrine signals and/or drug metabolites on
adipocyte function is relevant. In this study we have used a proprietary technology
developed in our laboratory, termed Integrated Discrete Multi Organ Co-culture
(IdMOCTM) for the co-culture of 3T3-L1 preadipocytes and hepatocyes. Using
Rosiglitazone to induce adipogenesis along with quantitative PCR for the amplification of AP2, an early marker for adipogenic differentiation, we show that adipogenesis can be induced reproducibly within 48 hours. We have optimized this assay
using various concentrations of MatrigelTM for cell adherence and media for concomitant culture of the two cell types. In this co-culture mode, we demonstrate the
presence of hepatic factors that positively influence preadipocyte proliferation and
adipogenic differentiation. To determine the specificity of Rosiglitazne action,
which occurs presumably via its metabolites, N-desmethyl rosiglitazone and ρ-hydroxy rosiglitazone, an inhibitor of the major metabolizing enzyme-CYP2C8,
namely trimethoprim was used. A decrease in adipogenesis in the presence of
trimethoprim indicates the role of metabolism in driving drug-induced differentiation. Such a model is physiologically relevant in testing drugs that affect adipogenesis as it provides the paracrine signals and xenobiotic metabolizing capacity of hepatocytes in simultaneous culture with preadipocytes.

1836

DEVELOPMENT OF AN IN VITRO ACUTE TOXICITY
PANEL TO ASSESS THE TOXICITY OF EXTRACTS
FROM SINGLE-USE BIOPHARMACEUTICAL
PROCESSING PRODUCTS.

L. M. Milchak1, J. Hart1, G. Jellum1, M. Meyering1, P. Wilga2, J. McKim2 and
J. Zappia1. 13M, St Paul, MN and 2CeeTox, Kalamazoo, MI.
Assessing the toxicity of extractables from biopharmaceutical processing products is
required for the safety assessment of these products. A standard protocol for this
type of evaluation does not currently exist. As a result, an in vivo method described
in the USP <88> guidelines for Biological Reactivity Tests is often used as a default
for evaluating potential toxicity. This protocol requires the intravenous administration of large volumes (50 ml/kg) of extracts to mice. The resulting effects on hemodynamics are a common cause of failure for materials undergoing USP testing. In
addition, the current test requires significant animal use for raw material and new
product screening. In order to improve testing speed and reliability and reduce requirements for animal testing, this study presents and evaluates an in vitro screening method that could more accurately identify a risk for in vivo toxicity. Rat
(H4IIE) hepatoma cells were used to assess the toxicity of various dilutions of extracts generated per USP criteria (0.9% saline, 1 hour at 121 degrees C) from different biopharmaceutical purification product chemistries and raw material solutions. Cytotoxicity was determined by measuring several critical markers of cell
health, which included membrane integrity (alpha-GST) and cell mass (propidium
iodide) following 24 hour exposures. The in vitro TC50 values were derived and
compared to results from in vivo exposure of similar dilutions. In all cases, the
TC50 of the extracts predicted the dilution needed to successfully pass the in vivo
acute toxicity test, displaying excellent accuracy and sensitivity. It is concluded that
the in vitro screening of extracts and raw material solutions is a useful tool to assess
potential toxicity issues associated with biopharmaceutical processing products, and
the inclusion of these assays can provide important toxicity information, while
minimizing animal testing, particularly during the product development phase.

1837

EFFECT OF OXYGEN ON LIVER SLICES VIABILITY.

E. Szalowska, G. Stoopen, S. Wang, J. Rijk, M. Groot, J. Ossenkoppele and A.
Peijnenburg. RIKILT/University of Wageningen, Wageningen, Netherlands. Sponsor:
S. Rangarajan.
Precision cut liver slices (PCLS) are recognized as a model to study hepatotoxicity.
For the culturing of PCLS mostly 95% of oxygen is applied, and occasionally 20 or
40% of oxygen are used. However, effects of different oxygen concentration on
PCLS viability have not been fully characterized. Physiological concentrations of
oxygen are ~5%, and both hypoxia and hyperoxia could lead to cellular stress with
decreased PCLS viability. We aimed to identify the most optimal oxygen concentration for the mouse PCLS. Therefore, PCLS were cultured at different oxygen
concentrations and compared to in vivo situation (uncultured PCLS). PCLS were
cultured for 24 hours at 20, 40, 60, and 80% of oxygen. The viability parameters
(ATP, protein, bile acids, apoptosis, LDH leakage, morphology) were measured
with commercial kits. Testosterone metabolism was measured by UPLC-TOF MS.
DNA microrarray experiments were performed and data were analysed with open

access bioinformatics tools. The slices viability was significantly improved at 60 and
80% of oxygen. However, these parameters were significantly lower compared to
the uncultured PCLS. Testosteron metabolism was comparable between the tested
conditions. The transcriptome analysis revealed that oxygen did not affect gene expression, but the in vivo/ex vivo comparison identified 2524 differentially expressed genes. Within the altered gene functional clusters we found genes related to
phase I and II drug metabolism, inflammation, peroxisomal and mitochondrial activity, and bile acid metabolism. Based on the biochemical and morphological characteristics PCLS cultured at higher oxygen concentrations had improved quality.
Surprisingly, oxygen did not affect gene expression suggesting that neither low
(20%) nor high (80%) oxygen levels cause hypoxia or hyperoxia, respectively. The
alternations in gene expression in PCLS compared to the in vivo situation indicate
that several processes are altered however, active testosterone metabolism, indicates
sufficient preservation of liver functions.

IL-1β production in both mouse and human PCLS. CZ upregulated many more
genes and activated many more kinases than OZ in the presence of LPS in human
PCLS. Transcriptomics data showed that complement pathways appeared to be implicated exclusively in the CZ+LPS group and not in other treatment groups in
human PCLS. Based on these results, PCLS appear to be a promising ex vivo model
to study mechanisms behind IDRs.

1840

MICROARRAY ANALYSIS OF GENE EXPRESSION
CHANGES DUE TO CHILLING INJURY IN PRECISIONCUT LIVER SLICES (PCLS).

N. Guan1, S. A. Blomsma1, G. M. Fahy2, G. M. Groothuis1 and I. A. de Graaf1.
1Pharmacokintics, Toxicology and Targeting, University of Groningen, Groningen,
Netherlands and 221st Century Medicine, Fontana, CA. Sponsor: A. Vickers.

1838

HUMAN LIVER MICROTISSUES AS A NOVEL SYSTEM
TO PREDICT INFLAMMATION-MEDIATED TOXICITY.

S. Messner1, E. Lorbach2, J. M. Kelm1, W. Moritz1 and H. Müller-Hartmann2.
1InSphero AG, Zurich, Switzerland and 2Lonza Cologne GmbH, Cologne, Germany.
Sponsor: A. Wolf.
Adverse idiosyncratic drug reactions are a prime reason for drug attrition. Although
these reactions occur very rarely, they represent a major risk for pharmaceutical
companies. The hepatotoxic potential of the withdrawn drug Trovafloxacin, for example, was not recognized in preclinical in vitro and in vivo studies. Only recently,
animal studies showed that inflammation is the main trigger for Trovafloxacin-induced idiosyncratic toxicity. However, conventional in vitro methods were not able
to mimic this toxicity. In order to establish a system capable of assessing such complex hepatotoxicity, we generated human liver microtissues. The liver microtissues
are composed of primary human hepatocytes and non-parenchymal cells. They are
generated by gravity enforced self-assembly in hanging drops. These scaffold-free
liver microtissues are produced in a standard 96-well format, which is automation
compatible. In contrast to standard 2D-sandwich culture, liver microtissues were
stable and viable over several weeks in culture. The secretion of albumin and urea
was consistently higher than in 2D-culture. In addition, functionality of the major
cytochromes was maintained over the culture time. Morphological characterization
revealed incorporation of Kupffer macrophages in the liver microtissues.
Stimulation of macrophages with lipopolysaccharide resulted in secretion of pro-inflammatory cytokines, such as interleukin-6. Co-treatment of liver microtissues
with LPS and the known hepatoxic drug Trovafloxacin resulted in LPS-dependent
hepatotoxicity. However, the safe drug Levofloxacin did not induce toxicity. Our
newly described model system is therefore capable of predicting rare idiosyncratic
adverse drug reactions.

Successful cryopreservation of PCLS would allow the building of a tissue bank and
reduce the use of laboratory animals. During vitrification, tissue may be damaged
by toxicity of the cryoprotective agent (CPA), chilling injury (injury due to temperature reduction per se) and injury from ice crystal formation. The mechanism of
chilling injury is unknown. We aim to identify critical genes and signaling pathways responding to chilling injury by microarray analysis to enhance insight into its
mechanism and to facilitate development of vitrification methods for PCLS.
Rat PCLS impregnated with CPA were cooled to -15 o C and held for 10 min to induce chilling injury. Changes in mRNA expression profile in the slices after cooling
were compared to those exposed to the CPAs only using Affymetrix arrays.
Chemical toxicity of the CPAs was determined by ATP content.
Differential Scanning Calorimetry (DSC) indicated that ice crystal formation was
prevented in slices loaded with CPA during cooling. CPA toxicity appeared negligible (ATP content >95% of control slices). By cooling at -15o C, the ATP content
was decreased by 20-30% compared to that of slices exposed to CPA, indicating
moderate chilling injury. Microarray analysis showed that chilling-induced gene expression changes were clearly distinguishable from those induced by the CPAs.
1800 genes were changed (FDR<0.05) with 30 genes up- and 6 genes down-regulated>1.5 fold. IL-1 and MAPK pathways were among the most interesting regulated pathways.
In conclusion: we were able to separate chilling injury from other damaging events
that occur during PCLS vitrification, and identified changes in gene expression and
signaling pathways due to chilling injury by microarray analysis. This is the first effort to investigate the mechanism of chilling injury in integrated tissue by microarray analysis under conditions in which other sources of injury are absent.
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HUMAN AND MOUSE PRECISION-CUT LIVER SLICES
AS TRANSLATIONAL MODEL FOR IDIOSYNCRATIC
HEPATOTOXICITY OF CLOZAPINE.

G. M. Groothuis1, Y. Chen1, M. Merema1, J. Joore2 and M. Hadi1. 1Division of
Pharmacokinetics, Toxicology, and Targeting, Groningen Research Institute of
Pharmacy, Groningen, Netherlands and 2Pepscape, Rotterdam, Netherlands. Sponsor:
A. Vickers.
Idiosyncratic drug reactions (IDRs) are adverse drug reactions that are rare, sporadic, unpredicted by clinical trials, unrelated to drugs’ pharmacology and occur
without relation to time or dose. IDRs may arise from drug interaction with inflammation that renders the liver more sensitive to injury resulting in increased toxicity. With the aim to develop a translational model to unravel the mechanism behind IDRs and to find biomarkers that can detect them, we used mouse and human
precision-cut liver slices (PCLS) to study the influence of inflammatory reactions
on the toxicity of drugs. PCLS technology is receiving increased attention as a potential ex vivo toxicological model because PCLS retain the normal tissue architecture of an intact liver with all its cell types in their natural environment. PCLS from
mouse and human were incubated with clozapine (CZ) or its non-toxic analog,
olanzapine (OZ), in the presence or absence of lipopolysaccharide (LPS), an inflammation inducer. Toxicity [ATP], cytokine production [CBA], transcriptomics
and kinomics [microarrays] data were assessed. CZ was more toxic in mouse than
human and OZ was not toxic in both. LPS aggravated the toxicity of CZ and had
no influence on OZ toxicity in both mouse and human PCLS. Moreover, LPS induced an inflammatory response and increased among others TNFα, IFN-γ, IL-6
and IL-1β and their production was altered by CZ and OZ in PCLS. Both CZ and
OZ decreased LPS-induced IFN-γ production but only CZ increased LPS-induced

DOSIMETRY METHODS FOR TOBACCO SMOKE
AEROSOL IN VITRO EXPOSURES.

R. Marsh2, J. Perkins1, K. Scott1, D. Dillon1 and C. Meredith1. 1Group R&D,
British American Tobacco, Southampton, United Kingdom and 2Covance Laboratories
Ltd, Harrogate, United Kingdom.
Recent technological developments in the testing of tobacco products have seen the
widespread introduction of equipment that is capable of exposing cultured cells or
media to the whole smoke aerosol, adding an additional capability to the well established regimes for testing tobacco smoke total particulate matter in vitro for
genotoxicity and cytotoxicity.
Two dosimetry methods have been developed, for the gas and particulate phases of
smoke aerosol respectively. The methods measure atmospheric carbon monoxide
and smoke particulate concentrations, within diluted smoke used to expose air-liquid-interface cultures. Carbon monoxide was measured spectrophotometrically.
Particulate concentration was measured by light scattering.
Whole smoke aerosol was mutagenic in an Ames test, inducing 3 and 5-fold increases in revertants, with strains TA100 and YG1042, respectively. Cells on an agar
surface, in the presence of S-9, were exposed to several dilutions of smoke aerosol,
from 3R4F reference cigarettes smoked under ISO conditions. Averaged over the
exposure period (24 minutes) the carbon monoxide dose range was 0.5-4μg/ml air.
The particulate dose range was also 0.5-4μg/ml air. The carbon dioxide and particulate dose ranges were similar, because their smoke yields are similar. The results
showed that the cells were exposed to the particulate and gas phases of tobacco
smoke, and that the exposures can be controlled incrementally to generate dose responses in an Ames test. The relative response of TA100 and YG1042 is consistent
with YG1042’s increased sensitivity to aromatic amines and nitroarenes.
These dosimetry methods can be applied to most current tobacco smoke exposure
techniques. They are also used by other sectors, contributing to common dosimetry
methods. Further work will measure the resolving power of in vitro smoke aerosol
dose responses, compared to that of conventional total particulate matter.

SOT 2012 ANNUAL MEETING

395

1842

CYTOTOXIC AND INFLAMMATORY EFFECTS OF
TOBACCO-FATTY ACIDS: COMPARATIVE RESPONSE
FROM MONO VERSUS COCULTURED HUMAN LUNG
CELLS IN VITRO.

M. Misra. Lorillard Company, Greensboro, NC.
The presence of macrophage mediated inflammation in the lung is considered to be
a hallmark for smoking conditions in smokers. Therefore, coculturing the lung epithelial cells with macrophage cells will model more closely the steady state in vivo
situations in animals and humans and will provide a better in vitro model to investigate the smoke mediated effects. We compared the cytotoxic and inflammatory
responses of several free fatty acids (FFAs) in human lung epithelial cells, BEAS-2B
in the absence or presence of human macrophage-like cells, U-937 in order to determine the role of macrophage cells. FFAs are present at about 1% concentration
in a standard tobacco blend with a transfer rate of up to 30% in smoke. The dosedependent (2.5–20 μM) and time-dependent (1, 2, 3, 4, 7 day) cytotoxicity and inflammatory potentials were determined by the neutral red dye uptake in cells and
interleukin-8 (IL-8) measurement in cell supernatant, respectively. The cytotoxicity
was mainly observed at high doses, 10 and 20 μM for the majority of FFAs used.
Overall, higher cytotoxicity was observed when BEAS-2B cells were cocultured
with U937 as compared to BEAS-2B alone. The cytotoxicity rankings of both
mono- and cocultures were same and as follows; Linoleic acid > Oleic acid >
Palmitic acid = Stearic acid. A dose- and time-dependent IL-8 release was observed
for all FFAs in the absence or presence of U937 cocultured with BEAS-2B cells. A
higher inflammatory response from cocultured cells was observed relative to BEAS2B cells alone. The inflammatory rankings of both mono- and cocultures were
same and as follows; Stearic acid > Linoleic acid > Oleic acid = Palmitic acid.
Overall, this time-dependent study demonstrated that the coculturing the inflammatory cells with lung epithelial cells is relevant model for acute and sub-chronic
smoke exposure and also important since it demonstrated not only enhanced cytotoxicity but also played an important role in higher inflammatory response.

1843

IMPACT OF TEST CONDITIONS ON IN VITRO
CYTOTOXICITY MEASUREMENTS OF MAINSTREAM
CIGARETTE SMOKE USING A WHOLE SMOKE
EXPOSURE SYSTEM.

X. Li, P. Shang, C. Nie, F. Xie, H. Liu and J. Xie. Key Laboratory of Tobacco
Chemistry, Zhengzhou Tobacco Research Institute of CNTC, Zhengzhou, China.
Sponsor: R. Meng.
The purpose of this study was to evaluate the impact of several factors on smoke cytotoxicity measurements in an in vitro whole smoke exposure system. Effects of incubation time after smoke exposure, cell types used, and smoke regimens on the cytotoxicity of cigarette smoke were investigated. Mainstream cigarette smoke was
generated from the 3R4F reference cigarettes using a VC10 smoking robot under
the ISO regimen (35/60/2 without blocking of filter ventilation) or the HCI regimen (55/30/2 with complete blocking of filter ventilation). Cells were exposed to
fresh whole smoke (WS) in the VITROCELL® system, and cytotoxicity was evaluated using the neutral red uptake (NRU) assay. Results showed 24 hrs after smoke
exposure appeared to be an optimal time-point to assess smoke cytotoxicity. CHO
cells were more sensitive to smoke-induced cytotoxic effects than A549 cells. Smoke
regimen evaluation was conducted in both cigarette smoke condensate (CSC) and
WS. For CSC testing, the cytotoxicity decreased going from the ISO regimen to
HCI regimen on a per unit of total particulate matter (TPM) basis. For WS exposure testing, cytotoxicity under the ISO regimen was less than that under the HCI
regimen when smoke doses were expressed as % of cigarette smoke; notably, when
smoke doses were converted to TPM (μg), cytotoxicity under the HCI regimen was
less than that under the ISO regimen. A clear dose-response relationship between
cell viability and smoke doses was observed under all test conditions. These data indicated that this in vitro smoke exposure system can be a useful tool to study the
toxicological effects of WS, and the test conditions can have an important impact
on the results of cytotoxicity evaluation of cigarette smoke.

1844

HUMAN 3D AIRWAY MODELS TO PREDICT IN VIVO
AVAILABILITY UPON INHALATION.

J. van Triel1, Y. Staal1, A. Reus1, F. van Acker1, H. Jansen2, W. Maas2 and F.
Kuper2. 1TNO Triskelion, Zeist, Netherlands and 2TNO, Zeist, Netherlands.
Sponsor: R. Woutersen.
Human 3D airway models are promising models for safety and efficacy evaluation
of compounds targeting the airways. The two most important reasons are (1) the
models are fully differentiated and functional (incl. metabolic activity, mucus pro-

396

SOT 2012 ANNUAL MEETING

duction and cilia beating) and (2) they are cultured at an air-liquid interface allowing exposure to gasses, vapour and (particulate) aerosols via the air (relevant exposure). Besides healthy tissue, several pathologies (asthma, COPD) are available. It is
anticipated that these models may predict a more realistic bioavailability of inhaled
compounds instead of using a 100% uptake as default. To demonstrate this, we assessed absorption of several compounds by the MucilAir™ human 3D model
(EpiThelix Sàrl). 3D inserts were exposed for up to 4 hour to radiolabeled test substances via droplets on the tissue surface. Absorption was determined using liquid
scintillation counting of the receptor fluid (basal side), cellular fraction and (apical)
washing fluid. The model was able to differentiate between compounds utilizing
various transport mechanisms, including passive uptake transcellularly e.g. caffeine)
or paracellularly (e.g. mannitol). Impaired respiratory tissue is expected to have an
altered uptake of substances, which in part may explain the strong response of asthmatics to inhalation of mannitol. Therefore, uptake of mannitol and other substances was also assessed with inserts obtained from asthmatic patients. Increased
uptake of mannitol was found compared to healthy donors, but the response depended heavily on the donor. This suggests a large interindividual variation in diseased tissues, in contrast to that of control tissues. In future, we will further assess
the applicability of these models for exposure via the air (dynamic test atmosphere)
and compare the results with in vivo inhalation data. Ultimately, these models may
be useful in the safety evaluation of compounds for which the airways are the primary route of exposure.

1845

TESTING OF OECD REFERENCE NANOMATERIALS
(NM-SERIES) IN RAT PRECISION-CUT LUNG SLICES.

A. Aumann1, S. Vogel1, M. Schulz1, S. N. Kolle1, W. Wohlleben2, 1, B. van
Ravenzwaay1 and R. Landsiedel1. 1Experimental Toxicology and Ecology, BASF SE,
Ludwigshafen am Rhein, Germany and 2Polymer Physics, BASF SE, Ludwigshafen
am Rhein, Germany.
The OECD has defined reference nanomaterials (NM) to be tested in different
endpoints concerning human health and environmental safety (1) in order to evaluate if the toxicity of nanomaterials can be linked to their physico-chemical properties. For nanomaterials, inhalation presents the major exposure route of concern
and can be assessed using acute inhalation toxicity studies in rodents. However,
these in vivo experiments are resource intensive and animal consuming. The
OECD working party on nanomaterials has named several alternative methods as
being of particular interest for testing of nanomaterials; among them is the precision-cut lung slices model (PCLS) to estimate repiratory toxicity. We have tested all
16 NM in PCLS measuring cytotoxicity as well as apoptosis, oxidative stress and inflammatory response of the tissues. For in vitro exposure of PCLS the test material
was dispersed in medium. Since it is the nature of these materials to change their
surface characteristics and agglomeration state in different environments, a standardized dispersion method (nanoCare) using bovine serum albumin as a stabilizing agent, was used. Particle size-distributions of the nanomaterial dispersions were
characterized via analytical ultracentrifugation and found the nanomaterials well
dispersed. Silver and zinc oxide but none of the other NM showed cytotoxicity to
the lung tissue in the tested concentrations. However, differences in cytokine profiles among the NM were observed and showed several correlations to the results
obtained in in vivo inhalation or instillation studies.

1846

RESPIRATORY TOXICITY IN VITRO: IN HOUSE
VALIDATION OF THE EPIAIRWAY MODEL.

S. Vogel, S. N. Kolle, B. van Ravenzwaay and R. Landsiedel. Experimental
Toxicology and Ecology, BASF SE, Ludwigshafen am Rhein, Germany.
One of the main routes for substance uptake is by inhalation. In vivo experiments
for inhalation toxicity are time and animal consuming. Thus several in vitro methods aim to replace or reduce and refine the in vivo experiments. Human 3D-tissue
models are commercially available reconstructed from different donors (normal,
smokers, chronic obstructive pulmonary diseases), which show a normal human
bronchiole tissue that reveals a pseudostratified epithelial structure, numerous microvilli and cilia on the apical surface of the cultures. The presence of tight junctions and mucus secretion has also been confirmed comparable to the in vivo situation. These 3D-models are cultured on a porous membrane as air-liquid interface.
Test substances can be applied apically, either as solution or with an aerosol-inducer.
In our in house validation to test the strengths, handling and reproducibility of
such 3D-model systems as well as determining the correlation between in vivo inhalation data, we have assessed here the EpiAirwayTM model from MatTek, USA.
A set of 20 substances were selected with known in vivo toxicity data and mode of
action. The substances were tested in the EpiAirway model an in parallel, in 3T3
cell line to assess putative unspecific cytotoxic effects of the test substances.

A comparison of toicity data from the 3D-model (and 3T3 cells) and the in vivo
data revealed, that the model is only predictive of respitratory toxicity in vivo for a
subset of substances with specific modes of action. The EpiAirwayTM model has
proven to be robust, showing high reproducibility between pre- and main-tests as
well as in the concurrent controls but it will need a strict definition of its applicability domain or further development of the test protocol to achieve a wider applicability.

1847

IMPROVED TOXICOLOGICAL CHARACTERIZATION
OF INHALABLE SUBSTANCES IN VITRO BY IN SITU
FLUORESCENCE ANALYSIS OF THE CELLULAR
STATUS DURING EXPOSURE.

D. Ritter and J. Knebel. Fraunhofer ITEM, Hannover, Germany. Sponsor: C.
Dasenbrock.
The state-of-the-art method for testing inhalable substances in vitro is the “air-liquid-interphase” culture technique. During this procedure, cell lines, primary cells
from the human lung or complex ex vivo models like precision cut lung slices are
presented to the test atmosphere on microporous membranes. Sensitivity and relevance of the basic technique have been demonstrated in a round-robin prevalidation study in Germany. However, there were still major limiting factors until now
leading to a loss of control of the individual exposure and a lack of insight into the
immediate cellular effect of the test substances. These limitations were addressed by
a newly developed cell culture and exposure system (P.R.I.T. by Fraunhofer ITEM)
allowing cell culture, exposure to test substances and in situ live cell fluorescence
analysis at the same time. Immortalized human lung cells (A549) and primary
human airway epithelial cells were exposed to clean air, ozone or smoke aerosol.
The cellular mitochondrial membrane potential, lipid oxidation, and intracellular
oxidative species were monitored during exposures. Also, the particle deposition in
the system was investigated. The results show that (1) immediate effects of inhalable substances were clearly detectable in situ during the exposure at low, sub-toxic
dosages; (2) single long-term exposures (6 hours) could be performed without loss
of viability in the controls; (3) effects of environmentally relevant ozone concentrations (100 ppb) on the cells could be detected online and (4) particles were deposited effectively from aerosols. Revised methods for testing inhalable substances
in vitro are needed in the future to overcome limitations of the actual testing procedures and meet demands of varied in vitro testing approaches like repeated exposure
protocols. By introduction of a much higher practicability, expanded technical possibilities, an enhanced exposure environment for the cells and online monitoring of
the cellular status, the improved cell culture and exposure procedure makes an important contribution in this direction.

1848

CALU-3 CELLS AS A MODEL TO ESTIMATE THE
PULMONARY ABSORPTION OF INHALED DRUGS FOR
THE TREATMENT OF COPD.

T. Hansen and J. Knebel. In Vitro and Mechanistic Toxicology, Fraunhofer Institute
for Toxicology and Experimental Medicine, Hannover, Germany. Sponsor: C.
Dasenbrock.
Several new therapies for COPD are now in development, which are targeted on
the underlying chronic inflammatory process. Validated in vitro models of the respiratory tract allowing for the assessment of drug absorption at an early stage of
drug development would greatly accelerate the drug development process. The aim
of the present study was the establishment of a Calu-3 based cell culture model resembling the chronic inflammatory state of the airway epithelium including pulmonary surfactant. Calu-3 cells were cultured on permeable filter supports at the
air liquid interface (AIC) or under submersed conditions (LCC). LPS was added to
the apical surface in order to stimulate a proinflammatory response, which was then
quantified by measuring IL-6 and IL-8 secretion. Tight junction integrity was
checked by measuring the transepithelial electrical resistance (TEER). Three signal
transduction inhibitors, namely SB 203580 (p38 MAPK), TPCA-1 (IKK-2) and
AS252424 (Phosphoinositide 3-kinase) were used as model compounds.
Absorption was measured by means of functionality, i.e. reduction of proinflammatory cytokine secretion. LPS produced a robust and reproducible dose-dependent
increase in IL-6/IL-8 secretion in LCC cultures. The effect of LPS was less pronouned in AIC cultures. In LCC cultures, the MAPK inhibitor SB203580 inhibited LPS stimulated IL-6 release (IC50: 0.7 μM) but had no effect on IL-8. Under
the same culture conditions, TPCA-1 produced dose-dependent inhibition curves
for both interleukins with IC50 values of 1.2 μM and 1.7 μM for IL-6 and IL-8,
respectively, whereas the PI3 kinase inhibitor AS-252424 had no effect on either
IL-6 or IL-8. The inhibitory effects of TPCA-1 (IL-6 and IL-8) and SB 203580

(IL-6) were dose-dependently abolished by simultaneous addition of Curosurf®. In
conclusion, Calu-3 cells can provide a useful in vitro model of the airway epithelium resembling the chronic inflammatory state observed in COPD.
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DEVELOPMENT OF ALTERNATIVE IN VITRO
METHODS TO SCREEN FOR PULMONARY
TOXICITIES—CHARACTERIZATION OF EPITHELIALMACROPHAGE COCULTURES AT THE AIR-LIQUID
INTERFACE (ALI).

S. P. Ng and D. B. Warheit. DuPont Haskell Global Centers for Health &
Environmental Sciences, Newark, DE.
The Toxicity Testing in the 21st Century report has stimulated a change in hazard
testing strategies from animal-based studies to in vitro cell-based assays. To transition from conventional submerged cell cultures to an air-liquid interface (ALI) system, rat lung epithelial L2 cells and NR8383 macrophages (MØ) were cocultured
on microporous membranes (Transwell®) and toxicity was assessed by XTT/LDH
(cell metabolism/cytotoxicity) assays. Cocultures were exposed to fine ZnO particles for 2 hrs at doses of 0, 1, 5, 10, & 25 ug/cm2 in medium followed by 24-/48hr maintenance of cultures at ALI. Evaluation of the system for optimization purposes was performed with 2 cell seeding densities (0.25 or 0.5E5/cm2) and with 3
epithelial cell to MØ ratios (1:1, 2:1, 5:1). Results showed that after 2 days of cell
growth, sparsely-seeded cells had ~75% total XTT activity relative to denselyseeded cells, despite that cell number of the former cultures remained 50% of the
latter ones. Percent cytotoxicity of 20 ug/cm2 ZnO increased with L2:NR8383 ratios, revealing that both seeding density and ratio play a role in the assay sensitivity.
Cocultures of L2 with primary MØ recovered from rat BAL fluids following ZnO
exposure in vitro had similar % change in XTT activity and LDH release (vs. controls) when compared to cocultures with immortalized NR8383; the differences in
% changes were ≤22%, suggesting that NR8383 is a biologically relevant substitute
for animal-derived MØ. Cells cocultured on ALI and processed in unhumidified
air at r.t. for 1 and 2 hrs had 74 and 53% XTT activity of their humidified counterparts maintained in 5% CO2 at 37°C; activities recovered to 98 and 87% in 24
hrs, thus providing information on baseline survival and recovery rates for future in
vitro experiments. In conclusion, these studies served to characterize and optimize
the coculture conditions with ALI for future use in various in vitro cell exposure systems and toxicity/screening tests.

1850

METABOLIC CHARACTERIZATION OF THE IN VITRO
LUNG CELL SYSTEM BEAS-2B.

C. Garcia-Canton, E. Minet and C. Meredith. Group R&D, British American
Tobacco, Southampton, United Kingdom.
The cell line BEAS-2B, derived from normal human bronchial epithelium, has
been considered as a potentially suitable lung cell system for in vitro testing of tobacco products. However, its metabolic capability has not yet been fully characterized. Here, the metabolic competency of BEAS-2B was compared with a metabolically inactive cell system A549 and two metabolically active cell systems HepG2
and HepaRG. Activity profiles were generated for four cytochrome P450 enzymes.
CYP1A1/1B1 activity was assessed with the P450-Glo™ assay after induction with
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD). CYP2A6/CYP2A13, CYP2E1, and
CYP1A2 were assessed by UPLC-MS/MS with the enzyme-specific substrates;
coumarin, chlorzoxazone, and ethoxyresorufin, respectively.
A panel of 47 phase I and phase II enzyme-encoding genes was examined using RTqPCR in BEAS-2B, A549 and HepG2 cells with and without induction with
TCDD. Only non-induced HepaRG cells were assessed in this experiment.
CYP1A1/1B1 activity in BEAS-2B showed a 6-fold increase compared to A549.
Conversely, the enzyme activity of CYP1A2, CYP2A6/2A13 and CYP2E1 in
BEAS-2B was marginal, not exceeding 2-fold than that seen in A549. In contrast,
CYP1A1/1B1 and CYP2E1 activity were 913- and 23-fold increased in HepG2, respectively. Similarly, CYP2A6/2A13 and CYP1A2 showed increase in activity in
HepaRG (870- and 6-fold). RT-qPCR analysis indicated limited gene expression in
BEAS-2B, with the exception of CYP1A1, CYP1B1 and CYP1A2 which showed a
significant induction (25-, 5- and 4-fold, respectively) following TCDD incubation. This correlated with the CYP1A1/1B1 activity induced in BEAS-2B.
However, no corresponding CYP1A2 activity was detected in BEAS-2B compared
to A549.
We conclude that BEAS-2B cells do not have a comprehensive intrinsic metabolic
capability. However, CYP1A1/1B1 activity could be induced. Study designs using
this specific cell system would need to include an appropriate external source of
metabolic activation to activate pro-toxicants.
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CHARACTERIZING THE ESTROGENIC POTENTIAL OF
1060 ENVIRONMENTAL CHEMICALS BY ASSESSING
GROWTH KINETICS IN T47D CELLS.

D. Rotroff1, 2, R. Judson1, D. Reif1, M. Martin1, A. Richard1, K. Houck1, C.
Jin3, Y. Abassi3 and D. Dix1. 1National Center for Computational Toxicology, US
EPA, Research Triangle Park, NC, 2Environmental Sciences and Engineering,
University of North Carolina at Chapel Hill, Chapel Hill, NC and 3ACEA
Biosciences Inc., San Diego, CA.
In order to detect environmental chemicals that pose a risk of endocrine disruption,
high-throughput screening (HTS) tests capable of testing thousands of environmental chemicals are needed. Alteration of estrogen signaling has been implicated
in a variety of adverse health effects including cancer promotion, reproductive
deficits, and vascular effects. Here we investigate the estrogenic potential of 1060
chemicals of environmental relevance using a real-time measure of growth kinetics
by electrode impedance in the estrogen-responsive human ductal carcinoma, T47D
cell line. Cells were treated in concentration response and measurements of cellular
impedance were recorded every hour for six days. The anticipated exponential impedance was observed in response to known estrogen receptor agonists (17β-estradiol, genestein, bisphenol-A, nonylphenol, 4-tert-octylphenol). Several compounds, including bisphenol-A, and genestein caused impedance comparable to
that of 17β-estradiol, although at much higher concentrations. Progestogens, androgens, and mineralocortocoids (progesterone, dihydrotestosterone, aldosterone)
invoked a biphasic impedance signature. Trenbolone and cyproterone acetate invoked this biphasic signature. The continuous real-time nature of this assay allows
for the rapid detection of differential growth characteristics not easily detected by
traditional cell proliferation assays. In conclusion, this assay shows potential, in
combination with other ToxCast HTS assays, to detect environmental chemicals
with potential endocrine activity. This abstract does not necessarily reflect Agency
policy.
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IN VITRO ASSESSMENT OF SHAMPOOS EYE
STINGING POTENTIAL USING TRANSIENT
RECEPTOR POTENTIAL VANILLOID TYPE 1 (TRPV1).

F. Amaral1, R. Note1, L. Bourouf1, J. Cotovio1, T. Delanne1, M. Hanegraaf2,
S. Loisel-Joubert1, G. Ouédraogo1, A. Forsby2 and J. Meunier1. 1L’Oréal Research,
Aulnay-sous-bois, France and 2Department of Neurochemistry, The Arrhenius
Laboratories for Natural Sciences, Stockholm University, Stockholm, Sweden. Sponsor:
G. Nohynek.
Unmyelinated c-fibers are implicated in nociception and pain signal transduction.
Transient receptor potential vanilloid type 1 (TRPV1) is described as a key integrator of nociceptive signal in sensory neurons. TRPV1 is a calcium permeable channel activated by heat, acidic conditions and capsaicin present in c-fibers. In order to
evaluate ability of 10 shampoos formulas to activate TRPV1, we used a neuronallike sensory cell model SH-SY5Y surexpressing TRPV1. These formulas (children
or adults shampoos) had been selected considering their clinical eye comfort classification. Formulas were evaluated at a 0.1% final concentration in culture medium.
TRPV1 activation was assessed by measurement of cellular calcium influx using
fura2-AM, a fluorescent ratiometric indicator after contact between cells and formulas. TRPV1 specific activation was confirmed by using TRPV1 specific antagonist capsazepine. Some formulas were able to induce calcium influx by a TRPV1
specific manner. Capsazepine reveals that some calcium influx is independent of
TRPV1. Considering calcium influx concentration, formulas were classified in 3
discomfort categories: No – Slight – Moderate. This classification seems to correlate
with clinical one. These results confirmed that TRPV1 target seems to be a relevant
biological target to understand and study eye stinging. This kind of assay offer the
ability to evaluate eye stinging potential in vitro of shampoo formulas before commercialization and to understand what type of raw material play an important role
in eye pain.
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Stokes1,

COMPARISON OF THE DPRA WITH A THREE-TEST
BATTERY FOR IN VITRO EVALUATION OF SKIN
SENSITIZATION.
Burns2,

Strickland2,

Rinckel2

Allen2.

W.
T.
J.
L.
and D.
1NTP/NICEATM, NIEHS, Research Triangle Park, NC and 2NTP/NICEATM, ILS,
Inc., Research Triangle Park, NC.
To protect people from allergic contact dermatitis (ACD), regulatory agencies require that the results from standardized animal tests be used for hazard labeling.
Such labeling warns consumers and workers of the precautions necessary to avoid
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exposures to substances that may cause ACD. International legislation to ban animal testing of cosmetics has spurred efforts to develop in vitro replacements for
ACD hazard tests that use animals. NICEATM retrospectively evaluated the performance of the direct protein reactivity assay (DPRA) against that of testing strategies using three in vitro assays: DPRA, the human cell line activation test (hCLAT), and KeratinoSens. The murine local lymph node assay was used as the
reference test for a set of 67 unique substances. The DPRA alone generated an accuracy of 85% (57/67), a false positive rate of 22% (5/23), and a false negative rate
of 11% (5/44). Using the results from all three assays and the most prevalent result
for each substance gave an accuracy of 82% (55/67), a false positive rate of 30%
(7/23), and a false negative rate of 11% (5/44). To evaluate a sequential testing
strategy for the three in vitro assays, all of the DPRA-positive substances that were
classified nonreactive, and all of the DPRA-negative substances that were classified
reactive, according to published reactivity criteria, were tested in the other two assays. The reactivity criteria identified 60% (3/5) of the DPRA false positives and
20% (1/5) of the DPRA false negatives. However, this sequential testing strategy
gave the same performance as the DPRA alone. While it corrected one false negative result, no false positives were corrected, and one additional false negative was
introduced by the two subsequent assays. Further efforts are being made to identify
reliable indicators of discordant results for the in vitro tests (e.g., skin irritation potential) that would allow targeted retesting to improve performance. ILS staff supported by NIEHS contract N01-ES-35504.
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LIMITATIONS IN CHARACTERIZATION OF ACUTE
DERMAL IRRITATION WITH REDUCED NUMBER OF
TEST ANIMALS.

T. P. Kellner, J. R. Corlett, M. E. Hansen and P. Leung. California Department of
Pesticide Regulation, Sacramento, CA.
A worthy goal of toxicologists is to reduce the use of animals for standard toxicology testing. Current guidelines led to the reduction of group size for acute oral toxicity, primary eye and dermal irritation studies, with as few as three animals now
considered acceptable. This reduction has had an impact on the assignment of
Acute Toxicity Categories (I through IV) by the CA Dept. of Pesticide Regulation
(CDPR) with respect to primary eye and dermal irritation. These categories determine signal words, precautionary language, first aid statements, farm worker restricted entry intervals (REI) and personal protective equipment (PPE) on product
labels. One area of difficulty associated with reduced group size has been the demarcation between Toxicity Category II and III in dermal irritation studies. The
use of the Primary Dermal Irritation Index (PDII) by registrants of pesticide products, which emphasizes numerical dermal irritation data from one to seventy-two
hours after dosing, is sometimes in conflict with regulatory decisions at CDPR,
which in addition to PDII, take reversibility (FIFRA guideline, OCSPP 870.2500),
severity and depth of damage (i.e., suggesting necrosis) into consideration. A study
is presented in which one of three animals showed more severe dermal irritation
than the remaining two, with the study outcome considered reflective of Toxicity
Category III by the registrant based on PDII score, while judged to be Category II
by CDPR, based on the most severe reaction (i.e., lack of reversibility). In other
words, the animal with the severe reaction could not be considered an outlier by
CDPR because of the small group size. One consequence of reduced animal numbers has been a reduction in certainty in the establishment of toxicity categories,
thus increasing the likelihood of conservative regulatory decisions by CDPR.
Strategies that may be employed by testing laboratories to reduce this uncertainty
are discussed.

1855

DERMATOLOGY DRUGS WITHDRAWN BY FDA:
RELATIONSHIP TO MODERN
DERMATOTOXICOLOGIC DEVELOPMENT.

H. I. Maibach. Department of Dermatology, University of California San Francisco,
San Francisco, CA.
John Draize in 1943 published the first of a series of predictive models forming the
basis of current dermatotoxicologic assays – that still, with some modification –
provide a model bulwark of preventive toxicology. We have analyzed the drugs, topical and systemic, in the dermatologic domain that required post marketing FDA
removal and traced the post approval data – necessitating their withdrawal. Lessons
learned from these withdrawals provided cornerstones leading to improved preclinical and clinical assays that should greatly decrease withdrawals and increase the efficiency, speed and certainly of new dermatological drug approval.
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ANALYSIS TO DETERMINE IF ACUTE ORAL SYSTEMIC
TOXICITY DATA CAN BE USED TO ESTIMATE AND
AVOID ACUTE DERMAL SYSTEMIC TOXICITY
TESTING.

M. Paris1, J. Strickland1, F. Stack1, D. Allen1, W. Casey2 and W. Stokes2.
1NTP/NICEATM, ILS, Inc., Research Triangle Park, NC and 2NTP/NICEATM,
NIEHS, Research Triangle Park, NC.
Acute poisonings from chemicals and products continue to be a significant public
health problem. Development of the Up-and-Down Procedure for acute oral systemic toxicity testing has reduced the number of animals used by 70% while continuing to provide accurate classification and labeling for human health hazards.
U.S. regulatory agencies also require acute dermal systemic toxicity testing for
chemicals and products to estimate their potential to cause life-threatening or fatal
toxicity from skin exposures. The resulting estimated lethal dose (LD50) values are
used for acute dermal exposure hazard classification and labeling in order to protect
human health and the environment during the handling, transport, and use of
chemicals. With the objective of reducing the number of animals used for acute
dermal systemic toxicity testing while maintaining the protection of human health
for acute dermal exposures, NICEATM analyzed acute oral systemic toxicity data
to determine its usefulness for assigning acute dermal systemic toxicity hazard categories for a wide range of chemicals. LD50 values were collected for 427 substances
that had both acute oral and dermal data. Using oral data to classify dermal toxicity
hazard categories underclassified 30% (126/427) and overclassified 34% (146/427)
of the substances using the hazard classification categories in the Globally
Harmonized System of Classification and Labeling of Chemicals.
Underclassification of substances is less protective of public health and would fail to
appropriately notify material handlers of chemical hazards while overclassification
could desensitize them to such hazards. Therefore, acute oral toxicity data should
not be used for classifying dermal toxicity hazards because it would underclassify or
overclassify a substantial proportion of substances. ILS staff supported by NIEHS
Contract N01-ES-35504.
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UPDATED NICEATM EVALUATION OF THE REDUCED
MURINE LOCAL LYMPH NODE ASSAY.

T. Burns1, D. Allen1, J. Strickland1, E. Salicru1 and W. Stokes2.
1NTP/NICEATM, ILS, Inc., Research Triangle Park, NC and 2NTP/NICEATM,
NIEHS, Research Triangle Park, NC.
To minimize the occurrence of allergic contact dermatitis (ACD), regulatory authorities require testing to identify substances that may cause ACD. Such substances must be labeled with the hazard description and precautions necessary to
minimize exposure. The murine local lymph node assay (LLNA) is an alternative
test method for determining the ACD hazard potential of most types of substances.
Compared to guinea pig tests, it requires fewer animals, less time, and eliminates
pain and distress. The reduced LLNA (rLLNA), which uses only one high dose, further reduces animal use by 40% compared to the multidose LLNA. Based on the
evaluation by ICCVAM in 2009 using 471 LLNA studies, the rLLNA was included
in an updated version of the OECD Test Guideline for the LLNA (TG 429)
adopted in 2010. LLNA results from 1071 published and unpublished studies, representing 664 unique substances, were obtained. Accuracy for the rLLNA was
98.5% (1055/1071), with false positive and false negative rates of 0% (0/319) and
2.1% (16/752), respectively. Sixteen false negative studies encompassed 13 substances; all produced relatively weak (SI ≤ 7.7) responses. This updated analysis of
the rLLNA supports the conclusions and recommendations described in the 2009
ICCVAM rLLNA test method evaluation report, including the recommendation
that the rLLNA should be routinely considered and used where determined appropriate. This analysis also provides further support for the use of the updated OECD
TG, which is expected to significantly refine and reduce animal use for ACD hazard testing while supporting the protection of human health. ILS staff supported by
NIEHS contract N01-ES-35504.
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EVALUATION OF TWO NONRADIOLABELED MURINE
LOCAL LYMPH NODE ASSAYS (LLNA) FOR POTENCY
CATEGORIZATION OF SUBSTANCES CAUSING
ALLERGIC CONTACT DERMATITIS IN HUMANS.

J. Strickland1, F. Stack1, T. Burns1, D. Allen1, W. Casey2 and W. Stokes2.
1NTP/NICEATM, ILS, Inc., Research Triangle Park, NC and 2NTP/NICEATM,
NIEHS, Research Triangle Park, NC.
The correct classification of strong skin sensitizers is critical since such substances
are considered to have a significant potential for causing allergic contact dermatitis
(ACD) in humans. Because the prognosis for ACD is poor, sensitizing substances

must be labeled with a description of the potential hazard and the precautions necessary for workers and consumers to avoid development of ACD. A recent ICCVAM evaluation found that the LLNA correctly classified 52% (14/27) of the
strong human sensitizers when an effective threshold concentration (EC) ≤ 2% was
used as the criterion. Thus, ICCVAM recommends that the LLNA could be used as
a screening test to classify substances as strong sensitizers, but that the classification
of substances as other than strong sensitizers requires additional information. The
OECD recently adopted two test guidelines for nonradiolabeled versions of the
LLNA that could be used to classify substances as sensitizers: the LLNA: BrdUELISA and the LLNA: DA. Although these LLNA methods use different decision
criteria to classify substances for ACD hazard, their accuracies are comparable to
the LLNA. Of the 136 substances used in the ICCVAM evaluation of the usefulness of the LLNA for potency categorization, LLNA: BrdU-ELISA data were available for 31 substances and LLNA: DA data were available for 30 substances. An EC
≤ 9% for the LLNA: BrdU-ELISA and an EC ≤ 2% for the LLNA: DA classified
strong sensitizers at rates comparable to that of the LLNA. These results suggest
that the LLNA: BrdU-ELISA and the LLNA: DA may also be useful for classifying
substances as strong sensitizers. ILS staff supported by NIEHS contract N01-ES35504.
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PILOT ANALYSIS OF FOOD CONTACT NOTIFICATION
OUTCOME.

A. Neal Kluever and M. Twaroski. CFSAN/OFAS/DFCN, US FDA, College Park,
MD.
The US Food and Drug Administration’s Office of Food Additive Safety (OFAS) in
the Center for Food Safety and Applied Nutrition conducts assessments of food additives, including food-contact substances (FCSs) that have the potential to migrate
to food. Within OFAS, FDA’s food contact notification (FCN) program is a premarket notification system and is the primary regulatory process for evaluating the
safety of FCSs. To assist program development we have started a retrospective assessment of the FCN program. As a preliminary analysis of FCN outcome, we analyzed a random series of 52 FCNs. Subsets of FCN categories were identified and
examined for effective or withdrawal outcome. All FCNs were completed in the
mandated 120 day deadline. However some FCNs, such as those containing a polymeric FCS, took longer to complete than non-polymeric FCNs. FCNs accompanied by a pre-notification consult (PNC) with OFAS scientists exhibited a greater
likelihood of becoming effective than those without a PNC. This would suggest
that the PNC process assists notifiers in the FCN process, especially for FCSs not
previously assessed by OFAS. Our analysis of the FCN program may help guide
current and future notifiers and provide insight for future program planning.
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SUGGESTED PROTOCOL FOR ESTIMATION OF
HARMFUL AND POTENTIALLY HARMFUL
CONSTITUENTS FROM IN MAINSTREAM AEROSOLS
GENERATED BY ELECTRONIC NICOTINE DELIVERY
SYSTEMS (ENDS).

J. H. Lauterbach1, M. Laugesen2 and J. D. Ross3. 1Lauterbach & Associates, LLC,
Macon, GA, 2Health New Zealand, Christchurch, New Zealand and 3Global Vapor
Tobacco Corporation, Ft. Lauderdale, FL.
In Sottera, Inc. v. Food & Drug Administration, 627 F.3d 891 (D.C. Cir. 2010),
the Court of Appeals held that e-cigarettes and other products made or derived
from tobacco can be regulated as “tobacco products” under the Act and are not
drugs/devices unless they are marketed for therapeutic purposes. It is likely that the
FDA will extend its authority over electronic nicotine delivery systems (ENDS, also
known as e-cigs) and may also require the reporting of harmful and potentially
harmful constituents in the mainstream aerosols produced with ENDS. Moreover,
studies of the safety, abuse liability, and efficacy of ENDS will require demonstration that performance of any product to be studied performs as expected. However,
equipment and protocol used to generate the aerosol need to reflect the conditions
of use, including the effects of taking larger puff volumes than would be expected
and ability to determine carbon monoxide (CO), a potential marker of ENDS
overheating and abuse. Pending definitive internationally accepted puffing regimens for ENDS, we propose that ENDS be puffed using a standard analytical
smoking machine with 55 mL puff, 3 s puff duration, and 30 s puff interval and reporting of results on a constituent per liter of mainstream aerosol generated with
the smoking machine and that any comparisons with conventional cigarettes (conv.
cig.) be done with the latter smoked under the Health Canada Intensive smoking
protocol (55 mL puff, 2 s puff duration, 30 s puff interval, with 100% blocking of
filter ventilation). Typical data (mg/L except puffs) obtained for an ENDS versus
full flavor conv. cig.: puffs 11, 10.3; TPM 11.6, 107; nicotine 0.1, 4.0; tar 10.5,
66.4; CO <0.3, 54.9; CH3CHO 0.02, 2.28; HCHO 0.01, 0.12., with similar reductions for commonly measured smoke toxicants.
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COMPARISON OF TOXICANT LEVELS IN
MAINSTREAM AEROSOLS GENERATED BY RUYAN®
ELECTRONIC NICOTINE DELIVERY SYSTEMS (ENDS)
AND CONVENTIONAL CIGARETTE PRODUCTS.

M. Laugesen2 and J. H. Lauterbach1. 1Lauterbach & Associates, LLC, Macon, GA
and 2Health New Zealand, Christchurch, New Zealand.
Rationale: To determine whether claims of reduced emissions from a smokeless
electronic cigarette (electronic nicotine delivery system, aka ENDS) were justified.
Scope: The Ruyan® classic V8 electronic cigarette (ENDS) was tested against a
very low tar (1.2 mg yield) cigarette (VLTC) and compared with published emissions for the US-style of Marlboro KS cigarettes.
Procedures: Products were smoke according to the ISO standard (35 mL puff, 2 s
puff duration, 30 s puff interval), and the resulting mainstream aerosols analysed
for 62 cigarette smoke toxicants by Labstat International and British American
Tobacco, as per their library of methods.
Data: The Ruyan® cartridge yielded over 300 puffs of aerosol (10.5 L, mean TPM
weight 0.88 mg) comprising 82% propylene glycol, 15% water, 1% nicotine, 2%
unidentified particulate matter and flavors. Of 62 cigarette-smoke toxicants 37
were measurable in VLTC smoke and 11 in Ruyan® vapor. Estimated relative toxicant emissions scores, adjusted for nicotine, were 0.4 for Ruyan; 55 for VLTC; and
137 for Marlboro KS. Three tobacco-specific nitrosamines in Ruyan® vapor were
present at trace levels no greater than for medicinal nicotine; mercury was present at
trace level. Ruyan®, VLTC, and Marlboro regular cigarette yielded 9 μg, 23 μg,
and 101 μg mean nicotine, respectively, per 35 mL puff.
Conclusion: The Ruyan® aerosol as determined under ISO conditions for cigarettes is free of most toxicants found in cigarette smoke; and those measurable are in
very low concentration. ENDS products are subject to frequent modifications and
should be retested at periodic interval using and machine smoking parameters that
replicate actual human puffing behavior instead of those in the ISO standard.

human health. Mammalian animal data often forms the basis for dose-response assessment and extrapolation from laboratory animals to humans is typically required. Historically, oral reference dose (RfD) values were derived using the dose
administered to the laboratory animal and an animal-to-human uncertainty factor
(UFA). In February 2011 the U.S. Environmental Protection Agency (EPA) released the guidance document “Recommended Use of Body Weight ¾ as the
Default Method in Derivation of the Oral Reference Dose”. In this guidance EPA
recommends deriving human equivalent doses (HEDs) from dosimetric adjustment factors (DAFs) based on body weight scaling as a default approach (i.e., in the
absence of chemical-specific toxicokinetic information).
The benefits of using body weight scaling over the default UFA are two-fold: 1) reduction in the uncertainty by using a biologically-based interspecies toxicokinetic
extrapolation factor and 2) harmonization with dose-response extrapolation methods utilized for the derivation of inhalation references concentrations and cancer
potency values. A drawback to using this approach is the increased resources needed
to calculate DAFs and HEDs. Calculating an HED requires specific information
about the age, gender and species of the animals tested as well as the study duration.
Driving an RfD may require that HED values are calculated for a large number of
dose groups for multiple studies.
MDH formulated a streamlined process to calculate HEDs by using generic duration, age, gender and species specific DAFs. MDH found that the use of HEDs
could have a large impact on the selection of the point of departure and principal
study for deriving an RfD. The expedited process will be presented along with examples of how using HEDs, rather than the administered dose, affects the selection
of the point of departure and principal study.

1864

PRACTICAL IMPLEMENTATION OF GREEN
CHEMISTRY PRINCIPLES FOR EVALUATING SAFER
ALTERNATIVES DURING PRODUCT DEVELOPMENT.

N. V. Soucy and N. E. Walsh. Medical Department, 3M Company, St Paul, MN.

1862

INCORPORATING MULTIPLE DURATION
ASSESSMENTS INTO DERIVATION OF DRINKING
WATER GUIDANCE.

H. Goeden, K. Sande and J. Dady. Minnesota Department of Health, St. Paul,
MN.
The Minnesota Department of Health (MDH) evaluates the health risks of contaminated water and establishes human health-based guidance values. These guidance values represent a water concentration that is without appreciable risk to
human health. Historically, these values were derived using chronic Reference
Doses (RfDs) and adult-based water intake rates (2 L/70 kg per day) and protected
the population from adverse health effects from long-term exposure.
In 2007 MDH revised the methodology used to derive guidance values, in part to
ensure the protection of susceptible individuals (those sensitive to the toxicological
effects of a chemical or who may be more highly exposed). Specific revisions included: consideration of life stage sensitivity; assessing the relationship between observed health effects and various durations of exposure; selecting up-to-date intake
data based on age and duration considerations; carrying out calculations for different durations; and selecting final values that are protective of the most susceptible
life stage within a potential lifetime of exposure.
Using the recommendations from EPA’s 2002 Review of the RfD and Reference
Concentration (RfC) Processes, MDH derives separate RfDs and calculates guidance values for up to four exposure durations: acute, short-term, subchronic and
chronic. To date, MDH has utilized this approach to derive guidance for approximately 50 chemicals.
RfD values typically decrease as exposure duration increases. However, short-term
water intake (L/kg-d) during early life is substantially higher than long-term intake.
For approximately 40% of the chemicals assessed, the short-term intake rate offset
the decreasing trend in RfD values as duration increases. As a result, the healthbased guidance values for the shorter duration were often lower than the values for
chronic duration. These results demonstrate that reliance on chronic values may
not be protective of shorter exposure durations. Examples for a variety of chemicals
will be presented as well as the major challenges to implementing multiduration assessment methodology.
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IMPLEMENTING BODY WEIGHT SCALING AS A
DEFAULT APPROACH FOR DERIVING ORAL
REFERENCE DOSES.

H. Goeden, K. Sande and J. Dady. Minnesota Department of Health, St. Paul,
MN.
The Minnesota Department of Health (MDH) evaluates the health risks of contaminated groundwater and establishes human-based guidance values. The guidance values represent a water concentration that is without appreciable risk to
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Green chemistry initiatives are currently being driven by regulatory requirements,
market drivers by retailers and corporate initiatives for sustainable product development. A number of methods have been put forward as tools for the evaluation of
chemical hazards and the identification of safer alternatives for chemicals currently
in use. To facilitate the adoption of green chemistry early in product development,
rapid screening methods will be necessary. One framework, Green Screen for Safer
Chemicals, an open source method by the Clean Production Action, was used to
evaluate hazards for a subset of acrylate chemistries. This method was selected because it is recognized by EPAs DfE and aligns with GHS. Literature searches were
conducted and hazard scores were assigned for the chemicals for which publically
available hazard data could be located. For the acrylates, hazard data existed for
86% chemicals, with none having a complete data set. For these chemicals, fully
43% of the chemical-endpoint combinations remained as data gaps. Most alternatives assessment methods suggest gaps should be modeled to allow for predictions
of hazard. As an example, ToxTree was utilized to estimate acute toxicity, skin sensitization and carcinogenicity. Acute toxicity data was available for 86% of the chemicals evaluated; ToxTree accurately predicted toxicity for 38%, acute toxicity was
over predicted in 23% and under predicted in 38% of the cases. Skin sensitization
was accurately predicted for the 13 chemicals with test data. None of the chemicals
were predicted to have carcinogenic or mutagenic potential, while 33% chemicals
scored a moderate for these endpoints within the Green Screen (test data). For
chemicals with existing data, a rank ordering is useful as one input within a broader
weight of evidence approach to formulation selection. For those chemicals lacking
in hazard data, incorporation of green chemistry principals requires efficient and
accurate analysis of data gaps during the hazard review in order to accommodate
early R&D during product development.
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THE ROLE OF CONFORMITY AUDITS OF GCP
INSPECTIONS IN JAPANESE AUTHORITY AND THE
QUALITY OF CLINICAL TRIALS IN JAPAN.

R. Anahara, Y. Sato and E. Kondo. Office of Conformity Audit, Pharmaceuticals
and Medical Devices Agency (PMDA), Tokyo, Japan.
The Pharmaceuticals and Medical Devices Agency (PMDA) is an incorporated administrative agency with non-civil servant status in Japan. It was established 1st
April, 2004, and is located in Tokyo. PMDA’s mission is to help improve public
health in Japan through activities, such as reviewing pharmaceuticals and medical
devices for marketing authorization based on the Pharmaceutical Affairs Law of
Japan, collection, analysis and dissemination of information related to the quality,
efficacy and safety of pharmaceuticals and medical devices, and providing medical
expenses, disability pensions, bereaved family pensions, etc., for people who have
suffered from severe adverse events caused by pharmaceuticals or biological products. The “Office of Conformity Audit” ensures the protection of the rights, safety,
and welfare of human research subjects involved in Japanese regulated clinical trials
and verifies the accuracy and reliability of clinical trial data. The work involves site

visits to clinical investigators, pharmaceutical companies and nonclinical laboratories in order to ensure the veracity of raw data and records. The work of each office
is carried out in accordance with the regulations set forth in the Pharmaceutical
Affairs Law. We introduce the document based conformity inspections and the reliability assessment in relation to new drug applications (NDA) for marketing approval by conformity audits. We compare the average of total inspection times, and
the number of GCP non-compliance or compliance with condition cases for NDA
between FY 2004 to FY2009. The average inspection time is becoming shorter,
while the number of NDA is increasing. The number of GCP non-compliance or
compliance with condition is decreasing year by year. Those data suggest that the
quality of clinical trials done in Japan has been improving. In conclusion, document inspections ensure the scientific quality of clinical trials, the reliability of the
study results and the veracity of NDA documents.
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RETROSPECTIVE ANALYSIS OF THE ABILITY OF
INDUSTRY, ACADEMIA, AND ANIMAL RIGHTS
ORGANIZATIONS TO MEET THE TESTING AND
MARKETING BANS ESTABLISHED BY THE 7TH
AMENDMENT OF COSMETIC DIRECTIVE.

J. Sheasgreen, M. Klausner, P. J. Hayden, H. Kandarova and A. Armento.
MatTek Corp, Ashland, MA.
In 2004, a timetable for phasing out animal testing under the framework of the 7th
amendment to the Cosmetics Directive (CD) was established. Based on an ad hoc
group of experts, the Scientific Committee on Cosmetic Products and Non Food
Products (SCCNFP) presented opinions regarding whether alternative tests could
be developed to meet the cut-off dates provided by the CD. At that point in time,
the SCCNFP predicted that non-animal alternatives to the toxicological endpoints,
skin irritation, eye irritation, skin adsorption, and UV-induced toxic effects, could
be validated to meet the 2009 testing and marketing ban of the CD (attainable
group). At the same time, the SCCNFP did not foresee the validation of alternatives to address acute toxicity, skin sensitization, subacute and subchronic toxicity,
genotoxicity, photo-allergy, toxicokinetics and metabolism, carcinogenicity, or reproductive and developmental toxicity prior to the 2009 testing ban or the 2013
marketing ban of the CD (non-attainable group). Retrospective analysis of progress
in the development of alternatives was performed to determine the accuracy of the
SCCNFP predictions. For the attainable group, OECD guidelines utilizing normal
human cell based 3-dimensional (NHu-3D) tissue models have been established for
skin irritation and skin absorption, but only pre-validation studies for eye irritation
or photogenotoxicity have been completed. For the non-attainable group, no animal alternatives have been validated but active programs utilizing NHu-3D and
other in vitro alternatives are ongoing in the areas of skin sensitization, genotoxicity, photosentization, and reproductive and developmental toxicity. Based on this
analysis, the SCCNFP predictions were partially accurate while the timetables set
forth in the CD were overly ambitious. It is anticipated that validation of alternative assays will continue but the realistic timetable for validation of these assays will
be longer than previously anticipated.
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DERIVATION OF ACCEPTABLE DAILY EXPOSURE
(ADE) VALUES—A GUIDANCE PROPOSED BY
PHARMACEUTICAL INDUSTRY.

T. Pfister and A. Flueckiger. Group Safety, Security, Health & Environmental
Protection (LSH), Hoffmann-La Roche, Basel, Switzerland.
The Acceptable Daily Exposure (ADE) is defined as a substance-specific dose that is
unlikely to cause an adverse health event or undesirable physiological effect if an individual is exposed at or below this dose during lifetime. ADEs are now being introduced as a measure of safe residual contamination of “multi-product” manufacturing equipment. Therefore, they will become the object of new regulatory
scrutiny. The ADE concept follows a well-established paradigm that has long been
successfully used in nutritional toxicology to describe acceptable levels of chemical
food contamination (oral intake) and in occupational toxicology to derive acceptable levels of workplace exposures (via inhalation). The ADE is typically based on
nonclinical and clinical data. Here, we describe a standard procedure of ADE setting from nonclinical safety and clinical data: The reference effect level (e.g.
NOAEL) established in the most sensitive species is multiplied with the human
body weight (60 kg). The resulting dose has to be divided by adjustment factors to
compensate for uncertainties in the model applied. These include interindividual
variability (F1), interspecies differences (F2), duration of the toxicity study (F3),
severity of toxicity (F4), and the quality of the reference effect level (F5). While our
guidance provides default values for F1 - F5, we recommend replacing them by
substance-specific adjustment factors wherever possible. Some modifications of this
standard procedure are described for CMR substances. Whenever possible, an alternative ADE calculation is made based on clinical data. Here no defaults are used.

The derivation is made based on the quality of the compound-specific data and
professional judgment. Limitations of the proposed procedure, different routes of
exposure, and differential sensitivity in human subpopulations are discussed. In
conclusion, we are presenting a standard approach implemented at Roche for the
derivation of ADE values which may provide some guidance for other toxicologists
in charge of ADE setting.
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COMPARATIVE STUDY OF PLASMA MICROSAMPLING
IN MALE RATS AFTER A SINGLE-DOSE OF
ACETAMINOPHEN.

A. Stokes1, T. Moose1, C. Kimbrough2, M. Mullin3, J. Kenney4, J. Siple4 and
N. Spooner5. 1Safety Assessment, GlaxoSmithKline, Research Triangle Park, NC,
2Statistical Sciences, GlaxoSmithKline, Research Triangle Park, NC, 3Bioanalytical
Sciences and Toxicokinetics, GlaxoSmithKline, Research Triangle Park, NC,
4Drummond Scientific Company, Broomall, PA and 5Bioanalytical Sciences and
Toxicokinetics, GlaxoSmithKline, Ware, United Kingdom.
Small total blood volumes in animals, especially rodents, present a practical limitation when serially sampling blood to obtain toxicokinetic data. This limitation can
increase the numbers of rats or mice used on a study and/or limit the number of
samples collected per animal. Microsampling strategies (e.g., dried bloodspots) can
effectively overcome this limitation and are increasingly used in the pharmaceutical
industry to reduce animal use and costs. Reducing blood volume need can also have
a positive impact by decreasing the number of animals used on a study and by allowing for more robust serial sampling in an individual animal. Plasma microsampling (~75 uL of blood per time point) significantly decreases the amount of blood
(~70%) collected per time point for toxicokinetic analysis. This study compared
data collected in male rats (n = 8) after a single 600 mg/kg dose of acetaminophen
using a plasma microsampling method (~75 uL of blood collected in EDTA-coated
capillary tubes with a thixotropic agent) and a standardized plasma collection
method (250 uL of blood collected into a 1.4 mL EDTA-coated Matrix tube per
time point). Drug exposure at 4 separate time points (1, 2, 5, and 8 hours) were
compared and found to be within 8% overall; the majority of samples (23 of 32)
were within 5%. Mean AUC and Cmax values were within 1% of each other using
the 2 different collection methods. Individual AUC or Cmax values within 5% or
6% of each other, respectively. These results demonstrate that this microsampling
technique is comparable to the standardized plasma collection technique.
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SPECIES COMPARISON OF INHALED SULFURYL
FLUORIDE PHARMACOKINETICS IN FISCHER 344
RATS AND NEW ZEALAND WHITE RABBITS.

J. A. Hotchkiss1, S. M. Krieger1, D. A. Markham1, D. L. Rick1, G. M.
Whitford3 and D. L. Eisenbrandt2. 1The Dow Chemical Company, Midland, MI,
2Dow AgroSciences, Indianapolis, IN and 3Medical College of Georgia, Augusta, GA.
Sulfuryl fluoride (SO2F2) is a structural and post-harvest fumigant used to control a
variety of insect pests. Repeated daily 6h exposures (2 or 13 wks) to 100/300/600
ppm SO2F2 induces neurotoxicity in rabbits and rats and renal toxicity in rats. The
USEPA currently uses the results of a rabbit 90-day inhalation study for risk assessment based on brain neuropathology. This study was designed to permit direct
comparison of the pharmacokinetics of SO2F2 in rabbits and rats by simultaneous 6
h exposures to the same SO2F2 concentrations (0, 3, 30 or 300 ppm). Plasma, cerebrum and kidney samples collected immediately after exposure were analyzed for
the principle SO2F2 metabolites, fluoride (F) and fluorosulfate (FSO3). Plasma F
levels were consistently higher (3x) in rabbits than rats, while plasma FSO3 levels
were similar in both species in each SO2F2 exposure group. F levels in rat cerebrum
increased proportionately with exposure concentration. In rabbits, F above the
lower limit of quantitation (LLQ) was measured only in 300 ppm-exposed rabbits,
but at that SO2F2 concentration, rats and rabbits had similar cerebral F levels. No
FSO3 >LLQ was detected in rat cerebrum in any exposure group. Only rabbits exposed to 300 ppm SO2F2 had FSO3 in the cerebrum >LLQ (7% of F levels). These
data suggest the blood brain barrier in rats and rabbits limits FSO3 exposure to the
cerebrum. Kidney F levels >LLQ were measured in rats exposed to 30 or 300 ppm
and in all SO2F2-exposed rabbits. Exposure-response curves for kidney F differed
between species, but, 300 ppm-exposed rats and rabbits had similar kidney F levels.
Kidney FSO3 levels >LLQ were detected in rabbits exposed to 30 or 300 ppm but
only in rats exposed to 300 ppm. After exposure to 300 ppm the concentration of
FSO3 in rat kidneys was approximately 6% of that measured in rabbits. These data
indicate that F, not FSO3, is the principal toxicant responsible for SO2F2-induced
neuro- and renal toxicity.

SOT 2012 ANNUAL MEETING

401

1870

SULFURYL FLUORIDE: PHARMACOKINETICS OF
REPEATED INHALATION EXPOSURES IN FISCHER 344
RATS.

1872

PLASMA METABOLITES AND DOSIMETRY OF 6:2
FLUOROTELOMER ALCOHOL IN RATS FOLLOWING
1, 5 AND 28-DAY INHALATION EXPOSURES.

D. L. Eisenbrandt1, D. L. Rick2, S. M. Krieger2, D. A. Markham2, G. M.
Whitford3 and J. A. Hotchkiss2. 1Dow AgroSciences, Indianapolis, IN, 2The Dow
Chemical Company, Midland, MI and 3Medical College of Georgia, Augusta, GA.

M. W. Himmelstein, Z. Shen, S. P. Ng, M. P. DeLorme, R. C. Buck and T. L.
Serex. DuPont Haskell Global Centers for Human Health and Environmental
Sciences, Newark, DE.

Sulfuryl fluoride (SO2F2) is a structural and post-harvest fumigant used to control a
variety of insect pests. Rats repeatedly exposed (6h/d; 2 or 13wks) to 100/300/600
ppm SO2F2 develop neuro- and renal toxicity. This study was conducted to determine if repeated 6h exposures of rats to 0, 3, 30, or 300 ppm SO2F2 for up to 2wk
alters the concentration, clearance or elimination of its metabolites, fluoride (F)
and fluorosulfate (FSO3) as compared to a single 4h exposure used in previous PK
studies. Plasma, cerebrum and kidney were analyzed for F and FSO3 immediately
after 1 or 10 exposures (1x/10x). Serial plasma and urine samples were analyzed to
determine plasma clearance and urinary elimination of F and FSO3. Peak plasma F
levels above the lower limit of quantitation (LLQ) were measured in rats exposed 1x
to 300 ppm or 10x to 30 or 300 ppm. Plasma F levels of rats exposed 1x or 10x to
300 ppm were similar. Plasma FSO3 levels increased proportionally with SO2F2
concentration and were similar in 1x- and 10x-exposed rats. Plasma elimination
half-lives for F and FSO3 were similar after 1x (2.3 h/1.7 h) or 10x (2.6 h/1.6 h) exposures. The levels of F in cerebrum and kidney and FSO3 in kidney were similar in
rats exposed 1x or 10x to SO2F2. FSO3 levels > LLQ were not detected in the cerebrum of any rats exposed to any SO2F2 concentration. This suggests that the blood
brain barrier limits FSO3 exposure to the cerebrum and repeated exposure does not
degrade this barrier. Urinary concentrations of F and FSO3 were similar in 1x- and
10x-exposed rats and increased proportionally with exposure concentration. The
results of this study show no accumulation of F or FSO3 in plasma or tissues of rats
repeatedly exposed up to 10x over 2 weeks. This suggests that the neuro-and renal
toxicity observed in rats repeatedly exposed to high concentrations of SO2F2 are
likely due to the cumulative effect of repeated daily insults to target tissues rather
than a shift in SO2F2 pharmacokinetics.

This study investigated the metabolite profile of 6:2 fluorotelomer alcohol (6:2
FTOH, F(CF2)6CH2CH2OH) in plasma following inhalation exposure. The aim
was to provide a basis for comparison of plasma metabolites and dosimetry between
6:2 FTOH administered by inhalation and oral dosing. For the one-day exposure,
male and female rats were exposed to 6:2 FTOH at 0.5 or 5 ppm for 6 h . Blood
was collected at 1, 3 & 6 h during nose-only exposure and at 6 & 18 h after the end
of exposure. For evaluation after repeated exposure, samples were collected at 18 h
after the end of the last (5th or 23rd) day of whole body exposure to 1, 10, or 100
ppm (6 h/day). Plasma samples were analyzed by LC/MS/MS for 6:2 FTOH, perfluorocarboxylic acids (PFBA, PFPeA, PFHxA, PFHpA), and polyfluorinated carboxylic acids (4:3 Acid, 5:3 Acid, 6:2 FTCA, 6:2 FTUCA). 6:2 FTOH, barely detected in plasma during exposure to 0.5 ppm (LOQ = 80 nM), increased by 3 fold
at 5 ppm (300 nM), and was only quantifiable 24 h after the highest repeated exposure of 100 ppm (~150 nM). From the single exposure, the ranking of the
metabolites (as mol% of dose in plasma at Cmax) in male rats was 6:2 FTCA (0.180.46%) > 5:3 Acid (0.21-0.36%) > PFHxA (0.05-0.1%) ~ PFHpA (0.02-0.1%) >
6:2 FTUCA (0.03-0.07%) > PFBA (0.04-0.05%). A similar pattern was observed
in female rats except the perfluorocarboxylic acids were as much as 10x lower than
males. A substantial portion (~90%) of the plasma burden was eliminated between
Cmax and 18 h after the end of exposure. The predominant metabolite in plasma at
low concentration in both sexes after repeated exposure was 5:3 Acid, which increased in direct proportion with cumulative (ppm-h) exposure. These findings following inhalation exposure are consistent with repeated oral dose plasma data and
support route-to-route (oral to inhalation) extrapolation for hazard assessment.
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1873
PBPK MODELING OF SPECIES AND AGE-SPECIFIC
SULFURYL FLUORIDE DOSE METRICS.

T. S. Poet1, P. M. Hinderliter1, D. Eisenbrandt2, G. M. Whitford3 and M. J.
Bartels4. 1Battelle, Pacific Northwest National Division, Richland, WA, 2Dow
AgroSciences, Indianapolis, IN, 3Medical College of Georgia, Augusta, GA and 4The
Dow Chemical Company, Midland, MI.
Sulfuryl fluoride is a structural and post-harvest fumigant used to control a variety
of insect pests. Human exposures may occur to applicators, bystanders, or upon reentry into treated homes. Sulfuryl fluoride is poorly absorbed in the respiratory
tract (~15%), and rapidly hydrolyzed in blood to fluorosulfate and fluoride. A
physiologically based pharmacokinetic model, including hydrolysis product submodels, was developed to integrate known changes in physiology from infants to
adults and between species. The model was validated against data in fetal, neonatal,
and weanling rats, and adult rats and rabbits. The human fluoride model was validated against fluoride pharmacokinetic data. Adverse effects following high exposures to sulfuryl fluoride are likely mediated by fluoride, the model was used to
compare fluoride plasma dose metrics under different exposure scenarios. For reentry, the decline of air levels of sulfuryl fluoride following fumigation and aeration
was modeled using an exponential decay equation describing initial rapid dispersion followed by slower dissipation. Because of differences in physiology, metabolism and respiration, peak plasma fluoride levels (Cmax) are predicted to be about
2x higher in 6 month old infants than in adults following a 1 ppm initial (re-entry)
exposure. The plasma fluoride AUC24hr following re-entry is more than 6x lower
than from daily ingestion of drinking water containing optimal (1.2 ppm) levels of
fluoride. In workers, simulation of the worst-case scenario of constant 8 hr exposures weekly for 48 wk/year to the permissible 1 ppm yields plasma fluoride
dosimetry (AUC24hr) more than 6x lower than from ingestion of fluoridated
drinking water. Actual exposures to sulfuryl fluoride will be of much shorter duration in both workers and individuals returning to fumigated homes. This validated
PBPK model is an invaluable tool to assess internal doses of fluoride following exposure to sulfuryl fluoride.
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TOXICOKINETIC EVALUATION OF 6:2
FLUOROTELOMER ALCOHOL AND METABOLITES IN
RATS FOLLOWING 90 DAYS OF ORAL EXPOSURE.

S. Gannon1, M. Mawn2, R. Buck3 and T. Serex1. 1DuPont Haskell Global Centers,
Newark, DE, 2DuPont Corporate Center for Analytical Science, Newark, DE and
3DuPont Chemicals and Fluoroproducts, Wilmington, DE.
Male and female rats were dosed daily via gavage with 6:2 fluorotelomer alcohol
(6:2 FTOH, CF3(CF2)5CH2CH2OH) for 90 days with 0, 5, 25, 125, or 250
mg/kg/day followed by a recovery phase of 1 or 3 months. Liver, fat, and blood
were collected for evaluation. In plasma, 5:3 Acid (5-3A,
CF3(CF2)4CH2CH2COOH) was the major metabolite. This metabolite was observed in the main study, 1 month recovery, and 3 month recovery samples. The 4:3
Acid (4-3A, CF3(CF2)3CH2CH2COOH) was also observed but the concentration
was nearly 2 orders of magnitude less than 5-3A. These two metabolites were the
most abundant in fat and liver. Tissue:plasma ratios did not indicate preferential retention in tissues. Using the plasma concentration of 5-3A as a marker for internal
exposure shows that female rats received a higher internal dose than males. The
metabolite concentrations in male rat plasma were approximately equal at the low
and mid dose, implying saturation. Although there are quantifiable levels of 5-3A
present in the plasma at the 3 month recovery sample this concentration represents
only a small fraction (<0.05%) of the applied cumulative dose. It should be noted
that there were early deaths among females in the 90 day 6:2 FTOH oral study (13
at 250 mg/kg/day; 1 at 125 mg/kg/day). Nearly all these deaths were attributed to
renal tubular necrosis and degeneration. Compromised renal function could have a
significant impact on the ability of rats to eliminate the metabolites. Therefore, the
elimination profile at lower doses not causing renal toxicity may better represent
the elimination characteristics of these metabolites. It is likely that the presence of
5-3A and 4-3A in the 1 and 3 month recovery samples reflects the biphasic elimination common to this class of chemistry. This biphasic elimination is characterized
by an initially rapid elimination of the majority of the test substance followed by a
slower elimination of a small fraction of the dose.
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METHOD FOR THE ANALYSIS OF 8-2
FLUOROTELOMER ALCOHOL IN RAT PLASMA, LIVER,
KIDNEY, AND BRAIN AND ITS APPLICATION TO A
SINGLE DOSE ORAL GAVAGE TOXICOKINETIC
STUDY.

L. Moran1, S. W. Graves1, B. Burback1, S. Gibbs1, B. Jayaram2, V. Robinson2
and C. Smith2. 1Battelle Memorial, Columbus, OH and 2DNTP, NIEHS, Research
Triangle Park, NC.
8-2 Fluorotelomer alcohol (8:2 FTOH) was one of a series of perfluorinated compounds selected by the National Toxicology Program (NTP) for toxicity evaluation
based on the compounds’ widespread environmental presence. Quantitative bioanalysis of 8-2 fluorotelomer alcohol has been previously limited to the use of
radio-labeled material that resulted in studies and methods that are costly and time
consuming. A rapid analysis method was developed based on on-line solid phase
extraction (SPE) with liquid chromatography tandem mass spectrometry
(LC/MS/MS) and validated for rat plasma, brain, kidney, and livers. A key benefit
of this method is that is requires little to no sample preparation and the total analysis time is approximately 10 minutes. Plasma can be directly analyzed with no
preparation and tissues require only a simple digestion in methanolic potassium hydroxide prior to analysis. The method had suitable ruggedness to analyze at least
140 samples per batch permitting the analysis of multiple treatment groups in a single run. Dilution of spiked matrix samples demonstrated that the total dynamic
range for the method was 10,000 for plasma and 500 for tissues. The detection limits achieved by this method were 0.5 ng/mL in plasma and 10 ng/g in liver, brain
and kidney. The sensitivity of the method permitted the determination of plasma
concentrations out to 24 hours following a 12 mg/Kg oral gavage administration.
The 8:2 FTOH level could be measured in liver, kidney, and brain at 12 hours postdose following a 24 mg/Kg oral gavage. 8:2 FTOH was rapidly distributed into the
liver, kidney, and brain achieving a ratio greater than one for all time points with
general trends of increasing tissue:plasma ratios over time. There were no apparent
gender effects on tissue distribution of 8:2 FTOH. This work was supported by
NTP Contract N01-ES-55551.
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TOXICOKINETICS OF PERFLUORODECANOIC ACID
(PFDA) AFTER A SINGLE INTRAVENOUS OR GAVAGE
ADMINISTRATION TO HARLAN SPRAGUE DAWLEY
RATS.

S. Gibbs1, S. Hong1, S. W. Graves1, C. Granville1, B. Jayaram2, C. R.
Blystone2, V. Robinson2 and C. Smith2. 1Battelle Memorial, Columbus, OH and
2DNTP, NIEHS, Research Triangle Park, NC.
PFDA is considered a global contaminant due to detection in humans and wildlife
in various geographical locations. To better understand the kinetics of PFDA in a
rodent toxicity model, this study determined the concentrations of PFDA in
Sprague Dawley rat plasma, liver, kidney, and brain after a single IV or gavage administration of PFDA in 2% Tween 80 in deionized water at dosages of 2 mg/kg
(IV) and 2, 10, or 20 mg/kg (gavage) (n = 3/timepoint). PFDA IV and gavage TK
profiles were characterized by a two-compartment kinetic model. After IV administration, male and female elimination (k10) half-life values were 14.8 ± 1.8 days and
21.1 ± 3.4 days, respectively. Male and female beta half-life values were 35.6 ± 2.5
days and 37.7 ± 3.5 days, respectively. Male and female AUC∞ values were
3,750,000 ± 220,000 and 6,130,000 ± 450,000 ng/mL*hr. After gavage administration, elimination half-life values ranged from 19.9-24.1 days for males and from
23.7-28.5 days for females. Beta half-life values ranged from 41.5-67.5 days for
males and from 51.7-52.5 days for females. Male and female AUC∞ values increased in a nearly dose proportional manner from 6,440,000 to 59,200,000 and
from 10,400,000 to 104,000,000 ng/mL*hr, respectively. PFDA was distributed to
the liver with a liver:plasma ratio greater than one for all time points with a trend of
increasing ratios over time in males. The kidney:plasma ratios remained near or
below one for all time points. PFDA was poorly distributed to the brain in both
males and females.
The results of this study provided TK parameters for PFDA in rats to correlate toxic
effects with systemic availability and to improve the usefulness of toxicity study results in risk assessment. [Supported by NIH, N01-ES-55551]
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INCREASING DIETARY SATURATED FAT IS
NEGATIVELY ASSOCIATED WITH PLASMA
CONCENTRATIONS OF NONHIGH DENSITY
LIPOPROTEIN CHOLESTEROL AND
PERFLUOROOCTANOATE (PFOA) IN APOE*3LEIDEN.CETP MICE AT CONSTANT LOW-LEVEL
DIETARY PFOA.

S. Chang1, D. J. Ehresman1, E. J. Pieterman2, H. M. Princen2, G. W. Olsen1
and J. L. Butenhoff1. 1Medical Department, 3M Company, St. Paul, MN and
2Gaubius Laboratory, TNO, Leiden, Netherlands.
Cross-sectional (C-S) studies have observed positive associations of serum perfluorooctanoate (PFOA) and perfluorooctanesulfonate (PFOS) with nonhigh density
lipoprotein cholesterol (non-HDL-C) which weaken substantially at serum PFOA
and PFOS concentrations >50 ng/mL. Laboratory investigation has established
that PFOA and PFOS would be expected to reduce serum cholesterol, and a recent
longitudinal occupational study has found no association of increasing serum
PFOA and PFOS with non-HDL-C over the concentration range where previously
observed in C-S studies. Dietary fat was hypothesized as a potential noncausal factor in the associations observed in C-S studies. To test this, male APOE*3Leiden.CETP mice (10/group) were fed diets designed to deliver isocalorically-adjusted, near-constant, low-level (~20-30 μg/kg diet) PFOA and PFOS
simultaneously with saturated fat concentration adjusted with cocoa butter to yield
5, 15, 25, and 35% fat diets. Mice were run-in on diets for several weeks prior to
adding PFOA and PFOS. Body weight and plasma lipids, lipoprotein profile,
PFOA, and PFOS were determined at initiation of run-in, prior to introducing
PFOA and PFOS, and after two and four weeks with PFOA and PFOS. Plasma
PFOA and PFOS were also determined after one-week of exposure. Food consumption was recorded weekly. Dietary fat consumption was associated negatively
with total cholesterol, serum non-HDL-C, and serum PFOA concentrations. No
associations with PFOS were found. The positive associations observed with plasma
PFOA concentration and plasma total and plasma non-HDL-C, as well as the negative association observed between plasma PFOA and plasma HDL-C are all likely
noncausal with respect to PFOA and are more likely related to a hypothetical effect
of dietary fat consumption on absorption of PFOA and cholesterol at some point(s)
on the pathway to plasma distribution.
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PLASMA PROTEIN BINDING OF PYRETHROID
INSECTICIDES.

P. Sethi1, S. Muralidhara1, T. Osmitz2, J. V. Bruckner1, C. A. White1, D.
Minnema3, N. Assaf4, W. Schmitt5, S. Anand6 and D. Gammon7. 1PBS,
University of Georgia, Athens, GA, 2Science Strat., Charlottesville, VA, 3Syngenta
Crop Protect., Greensboro, NC, 4Valent, Libertyville, IL, 5Bayer, Monheim,
Germany, 6DuPont, Newark, DE and 7FMC, Ewing, NJ.
Relatively little is known about the toxicokinetics (TK) of pyrethroids, the most
widely-used class of insecticides in the U.S. Plasma protein binding can influence
the TK of highly-bound chemicals, by limiting the amount of compound free to
reach target organs and sites of metabolism and elimination. Since the extent of
plasma protein binding of common pyrethroids is unclear, this study was undertaken to determine whether deltamethrin (DLM), cis-permethrin (CIS) and transpermethrin (TRANS) bind to human and rat plasma and to characterize their
binding kinetics. A solvent extraction method was developed employing radiolabeled pyrethroids to quantify the binding of these highly hydrophobic compounds.
A 10-ul aliquot of 14C-DLM, CIS or TRANS was mixed with 100 ul of plasma
and cold compound yielding concentrations of 25-100,000 nM. Samples were incubated and shaken at 37oC for 3 hr. The unbound fraction was extracted with 200
ul of isooctane: 1,4 dioxane (95:5). The remaining sample was then extracted with
200 ul of acetonitrile to determine the bound fraction. Since rat plasma is known to
contain esterases that metabolize pyrethroids, samples were treated with 10 ul of a 1
mM solution of tetraisopropylpyrophosphamide, an inhibitor of carboxylesterase.
Pyrethroid concentrations were determined by radioactive counting against reference counts. DLM, CIS and TRANS binding to human plasma (~ 50% bound)
was linear over the concentration range of 25-10,000 nM. Binding of pyrethroids
to rat plasma was linear (~ 42% bound) for 25-2500 nM. The kd values were similar for humans and rats, however, Bmax for humans (19430-23140 nM/mg protein) was significantly higher than for the rat (7769-13549 nM/mg protein). These
binding constants will be input into human and rat physiological TK models being
developed for DLM, CIS, and TRANS. Supported by the Council for
Advancement of Pyrethroid Human Risk Assessment.
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1878

TOXICOKINETICS OF THE PYRETHROID
INSECTICIDE BIFENTHRIN IN BLOOD AND BRAIN
OF THE RAT.

D. G. Ross1, J. M. Starr2, B. C. Edwards1, J. Hutchison1, M. J. DeVito3 and M.
F. Hughes1. 1ORD/NHEERL, US EPA, Research Triangle Park, NC, 2ORD/NERL,
US EPA, Research Triangle Park, NC and 3NTP, NIEHS, Research Triangle Park,
NC.
Bifenthrin is a pyrethroid insecticide and human exposures occur by oral, pulmonary and dermal routes. Pyrethroids are neurotoxic agents and it is generally believed that the parent pyrethroid is the toxic entity. The objective of this study was
to assess the toxicokinetics of bifenthrin in blood and brain of the rat. Adult male
Long Evans rats were administered bifenthrin by oral gavage in corn oil (1 ml/kg) at
dose of 0.3 or 3 mg/kg. Animals were sacrificed from 0.25 to 48 h after dosing and
blood and brain were removed. Tissues were extracted and analyzed for bifenthrin
by HPLC/MS/MS. For 0.3 mg/kg bifenthrin in blood, the maximal concentration
(Cmax) was 86.1 ng/ml, the time of maximal concentration (Tmax) was 1 h and the
area under the curve from 0 to 48 h (AUC0-48h) was 208.5 ng-h/ml. For 3 mg/kg
bifenthrin in blood, the Cmax was 946.5 ng/ml, the Tmax was 1 h and the AUC0-48h
was 2118.6 ng-h/ml. For 0.3 mg/kg bifenthrin in brain, the Cmax was 11.9 ng/g, the
Tmax was 2 h and the AUC0-48h was 78.4 ng-h/g. For 3 mg/kg bifenthrin in brain,
the Cmax was 142.8 ng/g, the Tmax was 6 h and the AUC0-48h was 2729.8 ng-h/g.
There was a proportional increase in blood bifenthrin AUC0-48h with dose.
However, there was a disproportionate increase in brain bifenthrin AUC0-48h with
dose. This suggests that there may be either greater uptake or decreased clearance
of bifenthrin in brain, which may explain the dose-dependent neurotoxic response
of this insecticide in the rat. (This abstract does not represent US EPA or NIEHS
policy.)

1879

INTRAVENOUS PHARMACOKINETICS OF
MEROPENEM IN AFRICAN GREEN MONKEYS.

K. K. Kabirov1, A. Banerjee1, A. Zakharov1, T. Martín-Jiménez2 and A. V.
Lyubimov1. 1Toxicology Research Laboratory, University of Illinois at Chicago,
Chicago, IL and 2College of Veterinary Medicine, University of Tennessee, Knoxville,
TN.
Drug exposure of the antibiotic meropenem was examined in male and female
African Green Monkeys following intravenous administration. Pharmacokinetic
modeling was conducted following single dose treatment (20 and 28 mg/kg) and
subsequent measurements of meropenem levels in plasma. Meropenem exposure
(AUC0-inf ) increased with the dose, but it is not clear whether it does it in a proportional manner. The dose-adjusted AUC0-inf values were 1378.05
hr*kg*ng/mL/mg (females) and 1516.27 hr*kg*ng/mL/mg (males) for the 20
mg/kg dose and 1100.03 hr*kg*ng/mL/mg (females) and 1436.85
hr*kg*ng/mL/mg (males) for the 28 mg/kg dose. The decrease in the value of this
parameter as the dose increase might be indicative of lack of dose proportionality.
AUC values were larger in males than in females for the same dose. Accordingly,
systemic clearances were lower in males than in females in both dosing groups
(662.12 mL/hr/kg vs. 738.00 mL/hr/kg and 698.53 mL/hr/kg vs. 910.34
mL/hr/kg). Likewise, half-lives were shorter (0.54 hr vs. 0.61 hr and 0.60 hr vs.
0.93 hr). The volume of distribution of the drug was low to moderate the extent of
distribution. The half-life of the terminal phase was very short in all gender and
dosing groups (0.54 - 0.93 hr), which was expected considering the short half-life
in humans. Mean residence times (MRTinf ) were shorter than half-lives in all cases.
This is an uncommon finding, which in this case is the result of a terminal phase
(used to calculate the half-life) that represents a very small fraction of the AUC0inf. Therefore, in this particular scenario, the half-life of the terminal phase, short as
it is, actually overestimates the speed at which the drug concentration decreases in
plasma. The systemic clearance of meropenem may be lower in males, but further
studies would be needed to confirm this.

1880

DOUBLE CROSS-OVER BIOEQUIVALENCE STUDY OF
DERACOXIB FOLLOWING SINGLE DOSE
ADMINISTRATIONS IN CANINES.

C. Burfeind1, S. Adams2 and E. Roberts1. 1New Product Development, Novartis
Animal Health, Greensboro, NC and 2Bioanalytics, Novartis Animal Health,
Yarrandoo, NSW, Australia.
Bioequivalence is demonstrated by comparing total systemic exposure (AUC) and
peak plasma concentration (Cmax) of similar drug formulations. A double crossover design allows testing of two drug strengths within the same study. The 90% CI
of both AUC and Cmax should lie between the accepted range of 80-125% to establish bioequivalence. This study was designed to determine the bioequivalence of
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two different formulations of deracoxib tablets to show therapeutic equivalence and
establish interchangeable use between the two formulations. A double cross-over
bioequivalence study was conducted in 12 healthy, laboratory beagles of mixed-sex.
The study consisted of two groups with six dogs per group and was conducted in
four phases. Phases I and II compared two formulations of 12 mg tablets where
dogs were dosed orally in a cross-over design using a test and reference item. Phases
III and IV compared two formulations of 100 mg tablets where dogs were dosed
orally in the same cross-over design. Dogs were fasted prior to dosing. Body weights
were obtained prior to each dose. Dosing during phases I through III were followed
by a wash-out period of at least 14 days. Blood samples were collected pre-dose and
at 13 additional time points up to 24 hours post dose. Samples were analyzed by
LC/MS/MS method. As the same dogs were used for the 12 and 100 mg phases,
the dose for the 100 mg tablet was approximately 2x the labeled dose (3-4mg/kg).
For the 100 mg test item, the 90% CI for bioavailability ranged from 82 to 114%
(AUC(0-t)), and 82 to 103% (Cmax). For the 12 mg test item, the 90% CI for
bioavailability ranged from 101 to 136% (AUC(0-t)), and 93 to 147% (Cmax).
Thus, for the 12 mg tablet, CI extended above the upper accepted range. The 100
mg test item demonstrated bioequivalence to the 100 mg reference item. The 12
mg test item was not bioequivalent to the 12mg reference item. Dogs appeared to
tolerate deracoxib without adverse effect.

1881

PRECLINICAL PHARMACOKINETICS AND
INTERSPECIES SCALING FOR ST-246, AN ORAL
ANTIVIRAL THERAPEUTIC FOR THE TREATMENT OF
ORTHOPOXVIRUS INFECTIONS.

A. Amantana, Y. Chen, S. R. Tyavanagimatt, K. F. Jones, R. Jordan, J.
Chinsangaram, T. C. Bolken, J. M. Leeds and D. E. Hruby. SIGA Technologies
Inc., Corvallis, OR.
The oral pharmacokinetics of ST-246, an oral anti-orthopoxvirus therapeutic, were
compared in rats, rabbits, monkeys at 300, 100 and 300 mg/kg, respectively, and in
healthy human volunteers at a 400 mg dose level. Standard non-compartmental
analysis was applied to the plasma concentration data following administration of
the compound at the stated dose levels. Allometric scaling was then performed on
this resulting preclinical data for the prediction of human pharmacokinetics.
The time to reach peak plasma levels of ST-246 ranged from 0.5 to 3.8 hr from rats
to humans. The time course profile in each tested species displayed a biphasic pattern, characterized by an initial rapid distribution phase followed by a slower terminal elimination phase with a half-life ranging from 8.4 to 25.8 hr. The estimated
volume of distribution ranged from 54.8 to 1248.2 L and the systemic clearance
3.8 to 37.5 L/hr from rats to humans. The estimated oral absolute bioavailability
for the preclinical species ranged from 16.5 to 49.8%.
Our predictions for human systemic clearance, apparent volume of distribution
and terminal elimination half-life by simple allometric scaling of the preclinical
pharmacokinetic data were within the 2-fold criterion limits for successful extrapolation along with a predicted human absolute bioavailability of 61.1%.
In summary, ST-246 displays similar pharmacokinetic behavior in these species in
terms of the absorption, distribution and elimination kinetics based on the short
period of time to reach maximum plasma concentration, large volume of distribution and prolonged terminal elimination half-life. Also, this evaluation demonstrates that the preclinical oral pharmacokinetic data for this compound in these
species supports the allometric prediction of human pharmacokinetics.
Supported by Contract Title: NDA-Enabling Development for ST-246: A
Smallpox Antiviral Drug; Contract Number: HHSN266200600014C; ADB
Contract Number: N01-AI-60014

1882

DISTRIBUTION, METABOLISM, AND EXCRETION OF
14C-ITX 7650, A NOVEL ANTI-HCV COMPOUND.

J. M. Gow1, A. Ta1, P. Catz1, J. Dabbs1, J. F. McKelvy2, D. Chapman2, F.
Wong-Staal2 and C. E. Green1. 1SRI International, Menlo Park, CA and 2iTherX
Pharma, Inc., San Diego, CA.
ITX 7650 is a novel anti-hepatitis C virus entry inhibitor in nonclinical development with a favorable safety profile based on acute and chronic exposure studies.
The study objectives were to determine the route of excretion, distribution and
metabolite profiles of 14C-ITX 7650. Male and female Sprague Dawley rats were
administered a single dose of 10 mg/kg intravenously (iv) or 30 mg/kg by oral gavage (po), and tissues (brain, kidney, liver, lung and spleen), urine and feces were collected up to 24 (iv) or 48 (po) hr post dose for analysis of total radioactivity. The
cumulative percent of total dose recovered in the urine and feces was comparable
for the iv group (7-16%). More radioactivity was recovered in the feces (36-45%)

than the urine (13-15%) for the po group. The general rank order of tissue concentrations for both dose routes was liver > lung ≈ kidney ≈ spleen > brain, and concentrations were commonly highest at the first time points (1 hr for iv and 2 hr for
po). Peak liver concentrations were ~31 and ~71 μg-eq/g for the iv and po groups,
respectively, which represented ~7-10% of the total dose. Brain concentrations (< 5
μg-eq/g) were ~50% less than those in plasma. Blood radioactivity was lower than
plasma and females had greater plasma exposure to total radioactivity. Total recovery of radioactivity was 83-87% and 79-83% for the iv and po groups, respectively.
The primary metabolites in plasma, urine, and feces were M6, M1, and M8, respectively, out of the 14 putative metabolites identified. M1 is likely to be a highly
polar, possibly conjugated, metabolite. 14C-ITX 7650 was also extensively metabolized in vitro with distinct species differences between rat, dog, Cynomolgus
Macaque, and human liver microsomes. In summary, liver was important for the
accumulation, extensive metabolism and elimination of 14C-ITX 7650.
Radioactivity distributed well to other tissues, and was excreted as ITX 7650 and
14 putative metabolites via the feces and urine. Work supported by NIAID
Contract No. N01-AI-60011.

1883

ENHANCED DELIVERY OF INTRANASALLYADMINISTERED NUCLEOSIDE DRUGS TO THE
CENTRAL NERVOUS SYSTEM.

M. Krishan1, G. Gudelsky2, P. Desai2 and M. Genter1. 1Environmental Health,
University of Cincinnati, Cincinnati, OH and 2College of Pharmacy, University of
Cincinnati, Cincinnati, OH.
Delivery of therapeutics to the brain to treat neurological diseases is a challenge due
to impenetrable nature of the blood brain barrier (BBB). Intranasal (IN) drug administration is a non-invasive approach for rapid direct delivery from the nasal cavity to the central nervous system (CNS), thereby minimizing systemic exposure.
The current study focuses on the use of the IN route for delivery of the nucleoside
drug gemcitabine (GEM). GEM is similar in structure to zidovudine (AZT), and
AZT can be delivered to the brain by the IN route. In order to enhance drug delivery to the CNS, we used papaverine (PV), which has been demonstrated to transiently increase the permeability of the brain-tumor barrier and BBB after systemic
administration. We hypothesize that by transiently increasing the permeability of
nasal epithelial tight junctions using PV, we will increase the concentration of
GEM in the brain extracellular fluid (BECF) following IN administration, with the
goal of delivering therapeutic concentrations of nucleoside drugs to treat brain tumors. Experimental methods include in vivo brain microdialysis for BECF collection, in-vitro GEM recovery, HPLC analysis to measure GEM concentrations in
BECF, and IN administration of fluorescein isothiocyanate-dextran beads (FD4) to
determine IN drug distribution. A non-toxic dose of PV, which enhanced delivery
of GEM to BECF, was determined. BECF pharmacokinetics of GEM shows
AUC=5.55±0.84 μg.h/ml for PV (1.4%) + GEM (50mg/kg) treated animals (n=4),
compared to 1.5±0.29 μg.h/ml without PV treatment (n=4). The IN drug concentration in BECF was comparable to the AUC values when GEM and another BBB
permeabilizer (RMP-7) were administered intravenously. Preliminary studies with
FD4 beads showed significant deposition in the olfactory epithelium (OE), indicating drug uptake through OE. Thus, it appears that transient permeabilization of
nasal epithelial tight junctions provides a non-invasive means to enhance delivery of
nucleoside drugs to the CNS.

1884

STUDY ON TRANSPORT KINETICS OF VENLAFAXINE
INTO RAT BRAIN ACROSS BLOOD-BRAIN BARRIER.

Y. Guan, Y. Peng and Q. Guo. Beijing Institute of Pharmacology and Toxicology,
Beijing, China. Sponsor: W. Zheng.
Objective: To evaluate the kinetics of venlafaxine transport into brain across bloodbrain barrier in rats. Methods: In situ bilateral brain perfusion technique was used
to examine brain venlafaxine uptake in male in ar rats. The concentration of venlafaxine in the perfusate was 0.5,2.5 and 12.5 mg/L respectively. The brain was harvested and homogenized at the end of the set perfusion time of 2,5,8 and 10 min,
respectively And the concentration of venlafaxine in the brain parenchyma was analyzed by HPLC. Results: Venlafaxine can get across blood-brain barrier into brain
parenchyma. The concentration of venlafaxine in brain increases with perfusion
time and venlafaxine concentration in the perfusate. Brain unidirectional transfer
constant (Kin) values for venlafaxine at different perfusion concentration were
1.13, 0.53 and 0.31 ml/min/g, respectively. The values diminished with the increase of the venlafaxine concentration in the perfusate. Conclusion: the transport
of venlafaxine across blood-brain barrier accords with the model of passive diffusion
in a membrane-limited rate.

1885

PHARMACOKINETICS AND BIOAVAILABILITY OF
RIFAMPIN IN RATS.

A. Lyubimov1, E. Onua1, M. Hautman2, A. Zakharov1, B. Gomez2, J. Anwer2
and A. Banerjee1. 1Toxicology Research Laboratory, University of Illinois at Chicago,
Chicago, IL and 2Center for Biomedical Testing, Chicago, IL.
Rifampin is one of the antibiotics being tested for use as a potential countermeasure
for biological threats. Pharmacokinetic data of its high doses in rats is not readily
available. Drug exposure of rifampin was examined in 6 female and 6 male cannulated Sprague Dawley rats following single oral or intravenous dose at 10 mg/kg.
Blood samples were collected and analyzed by a validated LC-MS/MS method. The
volume of distribution (Vd) of this lipophilic drug was large (1.39 L/kg) indicating
distribution to many tissues. The terminal elimination half-life following IV and
oral dose was about 3.6 hr and 4.2 hr respectively. The oral absorption of the drug
was relatively fast (1.5 hr in females, 3 hr in males). The bioavailability of rifampin
after single oral dose was 90.5% in males and 74.5% in females. The average systemic exposure after oral administration was 26723 and 34758 ng*hr/mL in males
and females, respectively (Cmax =2,753 and 4,546 ng/mL, respectively). A multiple dose study was conducted with rifampin at 30 mg/kg po, for 5 days with sampling on days 1 and 5. Cmax in males was higher on day 5 vs day 1 (12005.5
ng/mL and 14467.9 ng/mL on day 1; 14510.2 and 11797.0 ng/mL on day 5 for
males and females, respectively), and systemic clearance was almost equal, but Vd
was lower on day 5 for the males. A reverse trend was noted for females, wherein the
Cmax was lower on day 5 vs. day 1, but the systemic clearance was higher on day 5.
The AUC0-inf values were 102226.4 and 126705.7 hr*ng/mL on day 1 and
106766.9 and 89392.9 hr*ng/mL on day 5 for males and females respectively.
Bioavailability following 5 days of dosing was 92.6% and 83.1% in males and females, respectively. Thus, multiple dosing did not extensively alter rifampin pharmacokinetics in rats and the three-fold higher dose administered for 5 days was not
reflected in increased oral bioavailability of the drug. This information will be useful to design further efficacy studies with rifampin in rats.

1886

KINETICS OF LEUCINE AND OTHER AMINO ACIDS
IN THE LONG EVANS MALE RAT.

K. O. Yu1, L. Narayanan2, J. Schlager1, J. Gearhart2 and P. Robinson2.
1Molecular Bioeffects Branch, US Air Force—Wright-Patterson AFB, Dayton, OH
and 2Henry Jackson Foundation, HMF—Wright-Patterson AFB, Dayton, OH.
One of the essential amino acids (AAs), leucine, plays a role in enhancing cognition
and memory in animals and man. Leucine administration leads to cognitive improvement after 24 h in the rodent, suggesting enhancement of normal functioning
under stress conditions. However, the kinetics of leucine is not well characterized.
Most published studies involve uptake of leucine-containing drinking water or diet,
and tissue concentrations are only measured at terminal time points. The objective
of this study was to collect tissue concentrations of leucine in Long-Evans (LE)
male rats in order to develop a physiologically-based pharmacokinetic (PBPK)
model. Such a PBPK model, once validated, will allow extrapolation of leucine kinetics across dosing regimens (drinking water, diet) and across species. Ultimately
the goal will be to predict potential brain leucine concentration changes in humans.
In order to fill data gaps and develop a model, leucine was administered intravenously, and tissues from both time-course and dose-response studies were collected. Leucine (5 & 12.9 mg/kg) was dosed via jugular vein catheter and tissues
were collected at a number of time points between 2m and 6h. Preliminary results
revealed that leucine is eliminated from the blood very quickly after iv dosing
(5mg/kg), with only 7% of injected leucine detected still in blood at 5 min, while
at 6 hr post doing it was down to base line levels. Leucine levels in the brain were
higher than blood for both dosing levels, indicating active transport of leucine
across the blood-brain-barrier (BBB). Of the 16 other AAs measured in brain,
about 2/3 were increased, even at very early times (<2 min) after iv leucine injection. Most of the AAs that either remained unchanged or were decreased in brain
are known to be transported across the BBB by the L1 large neutral AA transporter
and therefore subject to competition with leucine.

1887

DISPOSITION AND METABOLISM OF β-NMETHYLAMINO-L-ALANINE IN SPRAGUE DAWLEY
RATS AND B6C3F1 MICE.

C. Wegerski1, J. M. Sanders2, M. Doyle-Eisele1 and J. McDonald1. 1Lovelace,
Albuqueruque, NM and 2NTP, NIEHS, Research Triangle Park, NM.
β-N-methylamino-L-alanine (L-BMAA) was nominated to the National
Toxicology Program (NTP) by the National Institute of Environmental Health
Sciences (NIEHS) for comprehensive toxicological assessment based on potential
widespread distribution in the environment, possible presence in certain dietary
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supplements, and evidence that the chemical is neurotoxic. Data describing absorption, distribution, metabolism and excretion (ADME) of L-BMAA are needed to
support NTP toxicity studies. These initial studies were conducted by oral dose administration to male Sprague Dawley rats at 1, 10, and 100 mg/kg and to male
B6C3F1 mice at 10 and 100 mg/kg. The majority of the 14C labeled L-BMAA radioactivity was measured in expired air with up to 61 % recovered as 14CO2 after
24h. This high level of expired 14CO2 was similar between both rats and mice and
across the low, mid, and high doses. By 24 hr, approximately 8.3 % and 12.7 % of
the 14C L-BMAA radioactivity was excreted in urine by rats and mice, respectively.
Excretion in feces accounted for only 2.3 and 3.7 % for rats and mice, respectively.
A higher % of the dose was recovered in tissues for rats (19%) than for mice (8%)
by 24 hr (p<0.05). The majority of the 14C recovered in tissues was primarily
found in liver (4.2 and 2.8%), muscle (4.0 and 2.4 %) and skin (3.0 and 1.1 %) for
rats and mice, respectively. The tissue burden in the brain was less than 0.2% for
both rats and mice. Accumulation of L-BMAA in tissues was investigated by 5 consecutive daily low doses (1 mg/kg). Initial assessments show evidence for tissue accumulation in multiple tissues including the brain; however, it is not yet clear if this
accumulation is due to tissue binding or is clearance rate limited. Chromatographic
profiles of 14C in urine showed only very polar Phase I metabolites with no unchanged L-BMAA present. This work was conducted for the NTP under NIEHS
Contract N01-ES-75562.

DCP was 42 min with a Cmax of 335 μM, whereas for ECH, the half life was 33
min and Cmax was 0.073 μM. Following gavage administration of ECH at 1 mg/kg,
ECH was not detectable in blood, with an LOQ of 0.01 μM. However, at 25
mg/kg ECH, blood levels of ECH were readily detectable between 5 and 60 min
after dosing, with a Cmax of 0.76 μM, and a half life of 34 min. Following administration of 50 mg/kg DCP AUCINF for ECH was 4.10 μM.min. Following administration of 25 mg/kg ECH, AUCINF/Dose was 43.1 μM.min.kg/mmol. The dose of
ECH in DCP-treated animals can be estimated as 4.10/43.1 mmol/kg, which is
equivalent to 0.095 mmol/kg. On a molar basis, the amount of ECH derived from
the metabolism of a dose of 50 mg/kg (0.386 mmol/kg) DCP indicates that there is
24.6% conversion of DCP to ECH in vivo in this study. This work was conducted
for the NTP under NIEHS Contract N01-ES-75563.

1890

DETERMINATION OF N-BUTYLPARABEN AND
METABOLITES IN HARLAN SPRAGUE DAWLEY RAT
PLASMA, AMINIOTIC FLUID, FETAL TISSUE, AND
PUPS.

T. Fennell1, W. Krol1, C. R. Blystone2 and S. Waidyanatha2. 1RTI International,
Research Triangle Park, NC and 2National Toxicology Program, National Institute of
Environmental Health Sciences, Research Triangle Park, NC.

1888

INHIBITION OF HUMAN BREAST CANCERRESISTANT PROTEIN (BCRP) TRANSPORTER BY
ENDOCRINE-DISRUPTING CHEMICALS.

Q. Wang1, K. M. Bircsak1, 2 and L. M. Aleksunes1. 1Pharmacology and Toxicology,
Rutgers University, Piscataway, NJ and 2Joint Graduate Program in Toxicology,
Rutgers University/University of Medicine and Dentistry of New Jersey, Piscataway,
NJ.
Over the last decade, the scientific community has voiced increasing concern regarding disruption of endocrine and reproductive systems as a consequence of in
utero exposure to xenobiotics. These endocrine-disrupting chemicals (EDCs) are
quite diverse and include plasticizers, mycotoxins, phytoestrogens, and pesticides.
The breast cancer resistance protein (BCRP) is a chemical efflux transporter expressed in the placenta as well as the developing fetus. Inhibition of the fetoprotective function of BCRP may be a mechanism involved in developmental toxicities
following EDC exposure. The purpose of this study was to characterize EDCs as
potential substrates and inhibitors of the BCRP transporter. Two in vitro screening
assays, the BCRP ATPase assay and inverted membrane vesicle assay, were used to
test interactions between BCRP and five chemicals with potential for endocrine
disruption: bisphenol A, genistein, methoxychlor, prochloraz and zearalenone.
Based on the ATPase assay, it was confirmed that genistein is a substrate for BCRP,
while slight increases in ATP hydrolysis were observed for zearalenone and bisphenol A, indicating they may be possible substrates. In both assays, all five EDCs inhibited BCRP transport of known substrates (sulfasalazine and lucifer yellow). The
order of inhibitory potency was genistein > zearalenone = methoxychlor > prochloraz > bisphenol A. Cell-based studies are needed to further characterize the inhibitory kinetics of EDCs on BCRP-mediated transport. These findings may assist
in risk assessment of perinatal exposure to these chemicals. Supported by ES005022, DK-080774, ES-020522.

1889

INVESTIGATION OF THE METABOLISM OF 1, 3DICHLORO-2-PROPANOL TO EPICHLOROHYDRIN IN
VIVO IN MALE HARLAN SPRAGUE DAWLEY RATS.

S. Waidyanatha1, N. Gaudette2, Y. Hong2, P. Chan1 and T. Fennell2. 1National
Toxicology Program, National Institute of Environmental Health Sciences, Research
Triangle Park, NC and 2RTI International, Research Triangle Park, NC.
1,3-Dichloro-2-propanol (DCP) is an industrial intermediate used in the production of epichlorohydrin (ECH), 1,3-dichloropropene, and 1,2,3-trichloropropane.
ECH is a carcinogen in rats causing tumors in the nose following inhalation exposure, and in the forestomach following oral administration. ECH has been proposed as an intermediate in the metabolism of DCP in vivo. The objective of this
study was to evaluate the metabolism of DCP to ECH in vivo. DCP (50 mg/kg) or
ECH (1 and 25 mg/kg) was administered by gavage to male Harlan Sprague
Dawley rats. Serial blood samples were collected at various time between 5 minutes
and 6 hours after dosing, and analyzed by GC-MS to obtain the blood concentrations of DCP and ECH. Blood concentration time data were analyzed using noncompartmental analysis. Following gavage administration of DCP, the half life of
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n-Butylparaben (butyl 4-hydroxybenzoate, BPB) is one of the parabens widely used
as antioxidants and preservatives in foods, pharmaceuticals, and cosmetics. BPB is
under investigation by the National Toxicology Program for potential reproductive
and developmental effects. The objective of this study was to develop an assay to
quantitate BPB and its metabolite 3-hydroxybutylparaben and their glucuronide
and sulfate conjugates in support of a study investigating the maternal transfer of
BPB in Sprague Dawley rats. Samples were obtained from dams and offspring administered BPB in the diet at 0, 5000 or 40000 ppm from gestational day (GD) 6
to post-natal day (PND) 4. Samples analyzed were dam plasma (GD 18 and PND
4), amniotic fluid and fetal tissue from GD 18, and PND 4 pup carcass. Samples
were prepared for analysis with and without incubation with β-glucuronidase/sulfatase, to determine the levels of free and total BPB and 3-hydroxybutylparaben.
Samples were analyzed by LC-MS/MS with 13C6 BPB as internal standard. At 0
ppm exposure, analytes in all matrices were below the limit of quantitation of 1
ng/mL. In all samples, free and total BPB increased with increasing BPB concentration in the diet. In maternal plasma, the majority of the BPB was conjugated.
Both free and total BPB and 3-hydroxybutylparaben were elevated in GD 18 fetal
tissue and amniotic fluid from exposed dams. In PND 4 pups, free BPB was higher
than conjugated BPB. BPB and its catechol metabolite,3-hydroxybutylparaben
were present in free and conjugated forms in maternal plasma, amniotic flid and
fetal tissue from GD 18 and pup tissues from PND 4 following exposure of dams
to BPB in the feed. BPB crosses the placenta during rat gestation and is transferred
to the pup during lactation. This method will be used to quantify the maternal
transfer of butyl paraben in Harlan Sprague Dawley rats. This study was conducted
for the NTP under NIEHS Contract N01-ES-75563

1891

ABSORPTION, DISTRIBUTION, METABOLISM, AND
ELIMINATION OF DBNPA IN CD RATS.

F. Zhang, M. J. Bartels, A. J. Clark, J. L. Staley, K. A. Brzak, F. J. Mark and P.
J. Spencer. Toxicology and Environmental Research & Consulting, The Dow
Chemical Company, Midland, MI.
2,2-Dibromo-3-Nitrilopropionamide (DBNPA) is widely used as biocide in a variety of industrial processes to control algae, bacteria, fungi and yeast. To better understand the overall pharmacokinetic and metabolic fate of this compound, a new
ADME study was conducted in CD rats via both oral gavage dosing and dermal application. Overall, 14C-DBNPA was well absorbed following oral gavage, with
87.2% of the total dose recovered in urine. The elimination of test material-derived
radioactivity from plasma was substantially faster than the bromide, indicating
rapid hydrolysis of both bromine atoms of DBNPA either prior to absorption in
the GI tract or via first-pass hepatic metabolism, which is consistent with rapid debromination seen in vitro in blood. The pharmacokinetic data for both 14C (radioactivity) and bromide fit well to 2-compartment models. The major metabolite
of DBNPA was the di-debrominated cyanoacetamide which accounted for 69-74
% of the total dose. No brominated metabolites were detected via sensitive LC/MSMS analysis. Dermal absorption was fairly low, with 11.4% of the applied dose was
recovered in excreta, tissues and expired air. An additional 33.7% was recovered in
application-site skin, which may represent absorbable test material. Final radioactivity in all tissues was less than 1% of the total administered dose via oral route and

<2.5% via dermal application, indicating little potential for bioaccumulation. In
summary, the current study results showed that DBNPA undergoes rapid oral absorption, complete debromination to form non-brominated metabolites, followed
by rapid elimination, primarily in the urine.
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INVESTIGATING COMPLEX PHENOTYPES:
HAPLOTYPE ASSOCIATION MAPPING BENZENE
PHARMACOKINETICS IN ISOGENIC MOUSE STRAINS.

G. A. Knudsen1, J. E. French2, M. C. Cunningham2 and I. G. Sipes1. 1Medical
Pharmacology, University of Arizona, Tucson, AZ and 2National Toxicology Program,
National Institutes of Environmental Health Sciences, Research Triangle Park, NC.

1892

COMPARISON OF IN VIVO DERIVED AND SCALED IN
VITRO METABOLIC RATE CONSTANTS FOR SOME
VOLATILE ORGANIC COMPOUNDS (VOCS).

E. M. Kenyon1, R. A. Pegram1, C. Eklund1 and J. C. Lipscomb2. 1US EPA,
Durham, NC and 2US EPA, Cincinnati, OH.
The reliability of physiologically based pharmacokinetic (PBPK) models is directly
related to the accuracy of the metabolic rate parameters used as model inputs.
When metabolic rate parameters derived from in vivo experiments are unavailable,
they can be estimated from in vitro data. In vitro data are scaled up for use in PBPK
models on the basis of mg of microsomal protein per gram of liver, liver weight and
body weight. We compared values of VmaxC derived from in vivo vapor uptake
studies with estimates of VmaxC scaled up from in vitro hepatic microsomal metabolism studies for four VOCs for which data were available in male F344 rats. For
two of the four VOCs, agreement between the in vivo and scaled up VmaxC estimates differed by less than 2-fold; for 1,1-dichloropropene the in vivo vapor uptake
VmaxC and scaled up in vitro VmaxC were 5.76 and 7.22 mg/hr-kg, respectively
and for 1,2-dichloroethane the corresponding VmaxC were 3.25 and 5.5 mg/hr-kg.
For bromodichloromethane (BDCM), the in vivo derived VmaxC was approximately 5-fold higher than the in vitro derived and scaled up VmaxC (12.8 vs. 2.65
mg/hr-kg). In the case of 2,2-dichloropropane, (2,2-DCP) which was essentially
unmetabolized in vitro by hepatic microsomes or cytosol, and relatively slowly metabolized in in vivo vapor uptake studies (compared to 1,1-dichloropropene), the
available data did not permit a direct comparison of VmaxC. The more rapid rate
of metabolism estimated on the basis of in vivo studies for BDCM and 2,2-DCP
suggest the possibility of extrahepatic metabolism making a significant contribution to overall clearance. Systematic and reliable utilization of scaled up metabolic
rate parameters from in vitro studies in PBPK models will require evaluation and
testing of the assumptions and scaling factors used in these calculations and development of methods to predict cases in which extrahepatic metabolism is likely to be
a significant contributor. (This abstract does not necessarily reflect Agency policy).
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HUMAN PBPK MODELING OF BENZENE
INHALATION BASED CHINESE WORKER URINARY
METABOLITE DATA: COMPARISON OF HUMAN AND
MOUSE METABOLISM.

J. S. Knutsen1, B. D. Kerger2, B. L. Finley3 and D. J. Paustenbach3. 1ChemRik,
Boulder, CO, 2HSRI, Tallahassee, FL and 3ChemRik, San Francisco, CA.
A physiologically based pharmacokinetic (PBPK) model of benzene inhalation
based on a recent mouse model was adapted to include bone marrow and urinary
bladder compartments. Empirical data on human liver microsomal protein levels
and CYP2E1 activities per gram protein were incorporated into the model, and
metabolite-specific conversion rate parameters were estimated by fitting to human
biomonitoring data including measurements in breath, blood, and urine. Data in
the same subjects on benzene levels in blood and breath, and phenol levels in urine
following short-term benzene inhalation were used to calibrate the rate of human
conversion of benzene to benzene oxide (BO). Recent biomonitoring data on average urinary benzene metabolites from Chinese worker populations with occupational benzene exposure were used to calibrate the rate of human conversion of benzene to muconic acid (MA) and phenylmercapturic acid (PMA), and of benzene
oxide to phenol (PH), catechol (CA), hydroquinone (HQ), and benzenetriol (BT).
The calibrated human model reveals that while liver microsomal protein levels on
average are higher in humans compared to mice, the CYP2E1 activity per gram
protein is far lower on average in humans. Relative to humans, the mouse shows far
lower rates of benzene conversion to MA and PMA, and far higher conversion rates
of benzene to BO/PH, and of BO/PH to CA, HQ, and BT. The Chinese worker
data for unexposed controls show appreciable background contributions to urinary
PH, CA, HQ and BT, but not MA or PMA; these findings obscure the metabolic
rate trends at benzene exposures below 1 ppm. Human data on the range of microsomal protein levels and CYP2E1 activity provide an objective basis for evaluating
uncertainties associated with inter-individual variability. Given the differences in
mouse and human metabolism of benzene, a calibrated human PBPK model with a
bone marrow compartment may be more useful than mouse-based models in understanding human pharmacokinetics of benzene inhalation.

A panel of 18 genetically-diverse inbred mouse strains was used to determine the
range of total exposure kinetics in blood and bone marrow following a single oral
administration of benzene (100 μg/kg) to male and female mice. Large ranges of
variations in both blood and bone marrow were observed in the pharmacokinetic
parameters for total exposure to benzene and its metabolites. Pharmacokinetic parameters in blood were not necessarily predictive for bone marrow pharmacokinetics. Protein and mRNA expression data for primary benzene-metabolizing enzymes
CYP2E1 and UGT1A6 showed very little strain-dependent variation. Differences
in mRNA levels of NQO1 and MPO were small but statistically significant, as were
those for GAPDH and β2-microglobulin. Enzymatic activity has yet to be determined for these proteins. Pharmacokinetic parameters in males were not necessarily
predictive for those determined for females. Final clearance (CL_F) was found to be
the most statistically robust pharmacokinetic parameter as it accounted for exposure of the matrix (AUC) and normalized for dose variations among the strains.
The CL_F values in blood or bone marrow used for haplotype association mapping
showed quantitative trait loci with statistical significance (-logP>4). Four loci were
found to be shared between males and females QTL were compared for bone marrow. No overlap was found among blood QTL in males and females. These data are
useful for in investigation of genes associated with host susceptibility to toxicity following benzene exposure. This research was supported in part by the NIEHS NTP
Grant N01ES45529, NIEHS Toxicology and Toxicogenomics Training Grant
(5T32ES007091-29), NIEHS/NTP Division of Intramural Research, and
Southwest Environmental Science Center Grant P3ES06694.
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DISPOSITION AND METABOLISM OF THE RUBBER
PEPTIZING AGENT, 2, 2-DITHIOBISBENZANILIDE, IN
SPRAGUE DAWLEY RATS AND B6C3F1 MICE.

J. M. Sanders2, C. Wegerski1, M. Doyle-Eisele1 and J. McDonald1. 1Lovelace,
Albuqueruque, NM and 2NTP, NIEHS, Research Triangle Park, NM.
2,2-Dithiobisbenzanilide (DTBBA) is a highly produced chemical used as a peptizing agent in rubber products, especially tires. Although DTBBA contains structural
alerts for toxicity, data for a toxicological evaluation of the chemical are lacking. In
support of such an effort, the present studies were designed to characterize the fate
of DTBBA in animal models. Results demonstrated that [14C]-DTBBA was absorbed from the gut of Sprague Dawley rats and B6C3F1 mice following oral administration of up to 400 mg/kg. The urine was a major route of excretion of
DTBBA-derived 14C (up to 70% total dose in rats), with most other 14C excreted
in feces within 24 hours of administration. Comparison with an iv-dosed (4 mg/kg)
group of male rats indicated that at least one-half of the 14C excreted in feces of
gavaged rats had been absorbed. Approximately 1% of the total dose remained in
tissues in rats and mice at 24 hours post-dosing. The highest concentration of
DTBBA-derived 14C was detected in the thyroid of the male rat. In most animals,
the liver also contained a tissue to blood ratio greater than 1. Reduction of the
disulfide bond of the dimeric DTBBA molecule is of toxicological concern and this
potential was demonstrated in vitro by the formation of 2-thiobenzanilide and 2phenylbenzothiazole upon incubation of DTBBA with glutathione. Several polar
oxygenated metabolites were identified by LC-MS/MS in urine of rats gavaged
with 40 mg/kg. Cleavage of the amide bond(s), but not the disulfide bond, was indicated for some of these metabolites. In conclusion, the results of these studies will
contribute to future toxicological and safety evaluations of DTBBA. This work was
conducted for the NTP under NIEHS Contract N01-ES-75562.
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THE QUANTITATIVE IMPACT OF USING BOTH
RODENTS AND NONRODENTS IN DEVELOPMENTAL
TOXICITY RISK ASSESSMENT.

S. L. Makris1 and P. Iyer2. 1ORD, NCEA, US EPA, Washington, DC and 2OEHHA,
California EPA, Sacramento, CA.
Since the thalidomide crisis of the 1960’s, the standard practice for evaluating developmental toxicity for chemicals with a high potential for human exposure in
pregnant women has included data from more than one species (i.e., rodent and
nonrodent). The validity of the assumption that two species are needed for an adequate assessment of hazard is a topic of interest for environmental and pharmaceutical risk assessment. For food use pesticides, testing in two species is mandated.
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Reviews of developmental toxicity data sets for environmental chemicals have previously indicated that either rodent or nonrodent species may be more sensitive to
developmental insult. Additionally, gene expression studies have shown that there is
a differential profile across species (rat vs. rabbit) for genes expressed during development. This analysis confirms previous findings that the use of a single species, either rodent or nonrodent, in prenatal developmental toxicity testing, is not necessarily predictive of test results in other species. One of the species may be more
sensitive in terms of the effects observed, the relative severity of the effects, or the
doses at which effects are found. These differences can impact risk assessment decisions in a qualitative and/or quantitative manner. The quantitative impact on risk
assessment of the absence of developmental toxicity data for one of the two test
species was examined for a number of environmental toxicants. This information
has potential implications for the application of uncertainty factors in risk assessment, when data from only one species are available for characterizing developmental hazard and risk. Additional information, such as mode of action or toxicokinetic
data, may be useful in providing information on the relevance of specific animal
models in predicting developmental hazard to humans. Disclaimer: The views expressed are those of the authors and do not necessarily reflect the policies or opinions of the US EPA or California EPA.
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INVOLVEMENT OF PGE2 AND URINE VOLUME
INCREASE IN THE ONSET OF DIOXIN-INDUCED
HYDRONEPHROSIS IN MICE.

W. Yoshioka1, K. Aida-Yasuoka1, T. Kawaguchi1, N. Fujisawa1, S. Ohsako1, S.
Hara2 and C. Tohyama1. 1Graduate School of Medicine, University of Tokyo, Tokyo,
Japan and 2School of Pharmacy, Showa University, Tokyo, Japan.
2,3,7,8-Tetrachrolodibenzo-p-dioxin (TCDD) is a potent teratogen which induces
hydronephrosis in the kidney of perinatal rodents. We have previously found that
cyclooxygenase-2 (COX-2) has a pivotal role in the onset of hydronephrosis in the
neonatal mouse exposed to TCDD. COX-2 is an inducible form of cyclooxygenases, which catalyze the first step in the conversion of arachidonic acid to
prostaglandins (PGD2, PGE2, PGF2α, and PGI2) and thromboxane (TXA2). Here,
we investigated the role of PGE2, the major prostaglandin in the kidney, and an increase in urine volume as the potential causative factors of TCDD-induced hydronephrosis. C57BL/6 and mPGES-1 (an inducible form of PGE synthases) KO
mice were used in the present study. In Experiment 1, mPGES-1 null mice were
produced by mating mPGES-1 (+/-) mice. Dams were exposed to 0 or 10 μg
TCDD /kg b.w. on postnatal day 1 (PND1), resulting in a lactational exposure of
pups (wild type and mPGES-1 (-/-)) to TCDD. They were examined for hydronephrosis and urinary PGE2 level on PNDs 7 and 21. In Experiment 2, to analyze the possible action of TCDD on urine volume, dams of C57BL/6 strain were
administered TCDD at a dose of 0, 20, or 80 μg/kg b.w. on PND1. Urine volume,
hydronephrosis, and urinary PGE2 level of pups were examined on PNDs 7 and 14.
In the absence of mPGES-1 gene, an increase in urinary PGE2 level and the occurrence of hydronephrosis induced by TCDD were completely suppressed. Urine volume was increased in a TCDD dose-dependent manner. These results showed that
mPGES-1 dependent overproduction of PGE2 is the cause of TCDD-induced hydronephrosis, and that the increase in urine volume could be another contributing
factor for its onset.
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EFFECT OF PRENATAL PERFLUOROOCTANOIC ACID
(PFOA) EXPOSURE ON POSTNATAL DEVELOPMENT
IN HUMANIZED PPARα MICE.

P. P. Albrecht1, N. E. Torsell1, C. R. Anderson1, D. G. Trujillo1, L. R. Kramer1,
S. L. Mitchell1, C. H. Ferry1, C. Lee1, S. Kang1, K. Kulkarni1, F. J. Gonzalez2
and J. M. Peters1. 1Veterinary Sciences, Pennsylvania State University, University
Park, PA and 2Laboratory of Metabolism, National Cancer Institute, Bethesda, MD.
PPARα is required for perfluorooctanoic acid (PFOA)-induced post-natal lethality.
To determine if there is a species difference in receptor activity that might influence
this phenotype, the present study examined the effect of prenatal PFOA administration on pre- and postnatal development using wild-type, Pparα-null and humanized PPARα mice. Mice of the same strain were mated overnight, and the presence of a copulatory plug was indicative of pregnancy and considered gestation day
(GD) 0. Pregnant mice were treated daily with water or PFOA (3 mg/kg) by oral
gavage until GD17 and then either euthanized on GD18 or allowed to give birth
and then euthanized on postnatal day (PND) 20. PFOA did not affect maternal
weight gain or relative uterine weight but did increase relative liver weight in all
three genotypes on GD18. No changes in average fetal weight, crown to rump ratio
or placental weight were observed on GD18. Expression of the PPARα target gene
(Acyl CoA oxidase [ACO] and cytochrome (P450) 4a10 [Cyp4a10]) mRNA in
maternal and fetal liver was increased on GD18 in wild-type and humanized
PPARα but not Pparα-null mice. On PND20, relative liver weight was higher in
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wild-type mice but not in Pparα-null or humanized PPARα mice. The percentage
of mice surviving postnatally was lower in wild-type litters but not in Pparα-null or
humanized PPARα mice. No change in pup weight gain or the onset of eye opening was found between any genotype. Hepatic expression of ACO and Cyp4a10
mRNA was higher in wild-type mice but not in Pparα-null or humanized PPARα
mice on PND20. Results from these studies demonstrate a significant difference in
the postnatal effects observed following prenatal PFOA exposure in mice mediated
by mouse and human PPARα.
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DEVELOPMENTAL AND SPECIES-SPECIFIC
SENSITIVITY TO PPARα AGONIST-INDUCED HEPATIC
EFFECTS.

J. E. Foreman1, L. R. Kramer1, F. J. Gonzalez2 and J. M. Peters1. 1Department of
Veterinary & Biomedical Science, Pennsylvania State University, University Park, PA
and 2National Cancer Institute, Bethesda, MD.
PPARα mediates PPARα agonist-induced liver cancer in rodents, but humans are
refractory to this effect based in part on the observation that humanized PPARα
mice do not develop liver tumors following long-term administration of Wy14,643. However, the effect of a potent human PPARα agonist has not been examined to date in this model. Moreover, there is also evidence suggesting that neonates
could be more sensitive to the effects induced by PPARα agonists. Thus, the present study examined the hepatic effects of a high affinity human PPARα agonist,
GW7647, in wild-type, Pparα-null and humanized PPARα mice following exposure in adults and/or neonatal mice. Exposure to GW7647 caused enhanced hepatomegaly in wild-type mice; these effects were mitigated in Pparα-null and humanized PPARα mice. Hepatomegaly caused by GW7647 was enhanced following
perinatal exposure as compared to mice exposed as adults only. GW7647 caused increased hepatic expression of PPARα target genes encoding lipid catabolizing enzymes in wild-type and humanized PPARα mice; these effects were not found in
Pparα-null mice. Some differences in expression of lipid-related PPARα target
genes were also noted between mice exposed perinatally as compared to those exposed as adults only. GW7647 caused increased hepatic expression of mRNAs encoding cell cycle regulatory proteins in wild-type mice; these effects were not found
in Pparα-null and humanized PPARα mice. Some differences in expression of
mRNAs encoding cell cycle regulatory proteins were also noted between mice exposed perinatally as compared to those exposed as adults only. These data demonstrate that humanized PPARα mice are resistant to the hepatic effects induced by a
potent human PPARα agonist supporting the hypothesis that humans are refractory to some hepatic effects induced by a potent human PPARα agonist.
Additionally, these date suggest that neonates may be more sensitive to these hepatic effects. (Supported by CA124533, CA126826, CA141029, CA140369,
FES017568A)
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EXPOSURE TO 2, 3, 7, 8-TETRACHLORODIBENZO-PDIOXIN (TCDD) CHANGES DEVELOPMENTAL
REGULATION OF N-METHYL-D-ASPARTATERECEPTOR 1 (NR1) SPLICE VARIANTS IN THE
DEVELOPING ANTEROVENTRAL PERIVENTRICULAR
NUCLEUS (AVPV).

J. Del Pino and S. Petersen. Veterinary and Animal Sciences, University of
Massachusetts, Amherst, MA.
Developmental exposure to TCDD interferes with masculinization of luteinizing
hormone release patterns. Consequently, female-typical LH surge release can be
elicited by ovarian hormones in exposed males. LH surge release is regulated by the
AVPV, a nucleus that is significantly larger in females. Thus, it is likely that TCDD
interferes with processes important for masculinization of this nucleus. The underlying molecular mechanisms responsible for AVPV masculinization are unclear, but
various N-methyl-d-aspartate receptor (NR) subunits likely play a role. TCDD effects on expression of NR subunits in the AVPV have not been examined previously, but such exposure alters NR subunit gene expression in developing hippocampus and cortex. Using QPCR, we found that AVPVs of postnatal day 2
(PD2) males exposed to TCDD through lactation (600 ng p.o. to dams on PD1)
had higher levels of NR1 mRNA than controls. We then used in situ hybridization
to confirm expression of NR1 mRNA in the PD2 AVPV, and to examine TCDD
regulation of NR1 splice variants in the nucleus. We also examined regulation of
splice variants in the sexually dimorphic nucleus of the preoptic area (SDN-POA),
a nucleus that develops oppositely to the AVPV and is larger in males. We found
that the NR1 3A subunit was expressed in the AVPV, while NR1 2A subunit was
expressed in SDN-PA of control males. TCDD treatment abolished NR1 3A and
stimulated NR1 2A expression in the AVPV, but had no effect in the SDN-POA.
These findings suggest that TCDD interferes with AVPV masculinization by both
increasing NR1 expression and controlling splicing of NR1 mRNA. This work was
supported by NIH grant ES013885 to SLP
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DIRECT EXPOSURE TO DEEPWATER HORIZON
CRUDE OIL EMULSIONS ELICITS MORPHOLOGY
AND GENE EXPRESSION CHANGES IN ZEBRAFISH
EMBRYOS.

F. Xin1, 2, A. Bui2, Z. Perveen2, L. Thibodeaux3, K. Kleinow2 and A. Penn2. 1St.
Olaf College, Northfield, MN, 2Comparative Biomedical Science, Louisiana State
University School of Veterinary Medicine, Baton Rouge, LA and 3Chemical
Engineering, Louisiana State University, Baton Rouge, LA.
RATIONALE: The 2010 Deepwater Horizon (DH) oil spill, the largest of its type
in the history of the petroleum industry, damaged marine habitats and halted commercial fishing in much of the Gulf of Mexico. As the spill continued, polynuclear
aromatic hydrocarbon-rich emulsions washed up along the Gulf shoreline.
Zebrafish embryos (ZFE), a well-established model for vertebrate development, are
very sensitive to a variety of environmental pollutants. METHODS: We assessed
short-term developmental responses of ZFE that were exposed directly (from 0-48;
24-72; or, 48-96 hours post-fertilization) in ZFE medium to DH-derived emulsions collected from 4 sites along the Gulf (in MS, AL and FL). ZFE were examined
for morphological and behavioral changes, and qRT-PCR was used to determine
mRNA fold-change values in emulsion-exposed ZFE relative to controls. RESULTS: Similar morphological changes (axial malformations, pericardial and yolk
sac edema), altered swimming patterns and enhanced levels of gene expression were
observed in samples from all the sites. Among Phase I biotransformation-related
genes, up-regulation of cyp1a predominated at all time points. Over time, levels of
other Phase I genes (cyps1b1, 1c1, 3a65; plus ahrr2 and sult6b1) increased. Phase I
gene expression levels dropped rapidly after ZFE were removed from the emulsions.
In contrast, up-regulation of oxidative stress genes (nqo1, prdx1, hmox1 and
pgrmc1) was enhanced later in development and persisted even if ZFE were placed
in emulsion-free media. CONCLUSIONS: DH spill products from along a 200mile stretch of Gulf of Mexico shoreline were embryotoxic.
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PUBERTAL DELAY IN MALE NONHUMAN PRIMATES
(MACACA MULATTA) TREATED WITH
METHYLPHENIDATE.

S. M. Morris1, T. M. Plant2, J. C. Chen1, H. Chen1, D. M. Petibone1, B. V.
Vitiello3, W. Slikker1 and D. R. Mattison4. 1National Center for Toxicological
Research—US FDA, Jefferson, AR, 2University of Pittsburg, Pittsburg, PA,
3National Institute of Mental Health, Bethesda, MD and 4National Institute of Child
Health and Development, Bethesda, MD.
Juvenile male rhesus monkeys were treated with methylphenidate (MPH) to evaluate the genetic toxicity of the drug. Animals were approximately 2.5 years old at the
initiation of the 40-month dosing period, and were dosed orally twice a day with
(1) 0.5 ml/kg of vehicle, N = 10 (2) 0.15 mg/kg of MPH increased to 2.5 mg/kg
(Low Dose, N= 10), or (3) 1.5 mg/kg of MPH increased to 12.5 mg/kg (High
Dose, N = 10). Increases in dose were necessary to achieve clinically relevant serum
levels and a five-to-ten-fold increase above the therapeutic range in Low and High
Dose groups respectively. After 14 months of treatment, impaired testicular descent
and reduced testicular volume were observed in treated animals. Continued evaluation revealed that testicular volume was significantly reduced (p <0.05) at Months
15 -19 and Month 27 and that testicular descent was significantly delayed (p <
0.05) in the High Dose group. Lower serum testosterone levels were detected in
both the Low (p = 0.0017) and High Dose (p = 0.0011) animals through Month
33 of treatment. Our findings indicate that treatment with clinically relevant levels
of MPH, initiated prior to puberty, impaired pubertal testicular development until
approximately 5 years of age. It was not possible to resolve whether MPH delayed
the initiation of the onset or altered the tempo of puberty. Regardless, deficits in reproductive maturation based on the endpoints observed disappeared over the 40month observation period.

The integration of molecular-based markers may lead to improved predictability of
WEC to determine developmental toxic properties of compounds. Additionally, a
mechanistic approach to determine chemical class potency may compliment traditional morphological tests due to higher objectivity and sensitivity. In this study, we
investigated the effect of two phthalates differing in potency, MEHP and MMP
(less toxic), on the transcriptome in WEC, to examine their dose-dependent effects
on gene expression in relation with morphology. In a dose-dependent fashion,
MEHP induced greater changes in gene expression than MMP in relation with
greater changes on morphology. We observed significant enrichment of
steroid/cholesterol/fatty acid metabolism and apoptosis pathways within MEHPinduced gene expression alterations associated with developmental toxicity.
Specific, primarily upregulated, dose-dependent impacts on genes within
steroid/cholesterol/fatty acid metabolism pathways represented the most sensitive
markers of MEHP exposure. These pathways have been previously identified as
mechanisms of developmental/reproductive toxicity in vivo and represent more
sensitive biomarkers of phthalate exposure than classical morphological endpoints
in WEC. This study supports the use of WEC to examine phthalate-induced gene
expression and morphological responses relative to in vivo. Furthermore, our results
assist in defining the applicability domain of the WEC in determining complementary windows of sensitivity for developmental toxicological investigations.
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Q. Jiang1, R. M. Lust2 and J. C. DeWitt1. 1Department of Pharmacology and
Toxicology, Brody School of Medicine, East Carolina University, Greenville, NC and
2Department of Physiology, Brody School of Medicine, East Carolina University,
Greenville, NC.
Perfluorooctanoic acid (PFOA) is a persistent environmental contaminant that induces developmental toxicity in laboratory models. We assessed PFOA’s effect on
heart development in an avian model and observed thinning of the right ventricular wall, including total thickness and thickness of a dense layer of myosin staining.
We also noted alteration of multiple morphological and functional parameters
measured by echocardiography. One pathway involved in heart development is the
bone morphogenic protein (BMP)-Smad pathway, which may be modulated by an
endogenous target of PFOA, the peroxisome proliferator activated receptor alpha
(PPARa). We hypothesized that activation of PPARa by PFOA would disrupt inflammatory cytokines and BMP-Smad pathways and contribute to developmental
cardiotoxicity. However, quantitative real time PCR in four-day-old chicken embryos treated with 0, 0.5, 1 or 2 mg/kg PFOA prior to incubation did not show
changes to these markers. To further investigate the role of PPARa, we also treated
fertile chicken eggs with 0, 5 or 25 mg/kg WY 14,643, a known PPARa agonist.
Western blot analysis was used to measure pSmad1/5, second messengers of the
BMP-Smad pathway, to determine if PPARa agonsim by WY 14,643 induced effects similar to PFOA. pSmad1/5 was decreased in the cytoplasm of D4 embryos
exposed to PFOA (29.1% in 1 mg/kg and 27.8% in 2 mg/kg, P<0.05) and increased in the nucleus of D4 embryos exposed to WY 14,643 (18.5% in 5 mg/kg
and 29.6% in 25 mg/kg, P<0.05). The differential response between PFOA and
WY suggests that the cardiotoxic effect induced by PFOA is not simply mediated
by PPARa agonism or that the BMP-Smad pathway is not altered by PPARa agonism to result in the cardiotoxic effects that we observed. More work with morphological and functional parameters of WY-treated animals is planned to further elucidate the mechanism of PFOA-induced developmental cardiotoxicity in chicken
embryos.
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A TRANSCRIPTOMIC APPROACH TO QUANTIFY
DOSE-RESPONSE SENSITIVITY TO PHTHALATES IN
WHOLE EMBRYO CULTURE.

J. F. Robinson1, 2, A. Verhoef1, J. L. Pennings1 and A. H. Piersma1, 3. 1The
National Institute for Public Health and the Environment (RIVM), Bilthoven,
Netherlands, 2Department of Toxicogenomics, Maastricht University, Maastricht,
Netherlands and 3Institute for Risk Assessment Sciences (IRAS), Utrecht University,
Utrecht, Netherlands.
The whole embryo culture (WEC) model serves as a potential screening tool for in
vivo developmental toxicity testing. In this model, cultured rat embryos are exposed
during early embryogenesis and evaluated for morphological adverse outcomes.

EXPLORATION OF POTENTIAL MECHANISMS OF
PERFLUOROOCTANOIC ACID-INDUCED
DEVELOPMENTAL CARDIOTOXICITY IN AN AVIAN
MODEL.

COMPARATIVE ASSESSMENT OF LISTER HOODED
AND WISTAR HAN RATS IN REGULATORY
DEVELOPMENTAL TOXICITY EVALUATION.

R. Kubaszky, D. J. Esdaile and B. Komuves. CiToxLAB, Veszprem, Veszprem,
Hungary. Sponsor: R. Forster.
The Wistar Han outbred rat is one of the standard strains of rats employed in regulatory developmental toxicity studies. On occasion, other strains are required for
use in accordance with specific study objectives, for example, to test a substance in
a non-albino strain. The purpose of this assessment was to compare control data
from pigmented Lister Hooded (LH) and non-pigmented Wistar Han (WH) dams
and litters, collected and evaluated from studies conducted in compliance with the
principles of GLP regulations and following the ICH S5 or OECD 414 guidelines.
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Procedures involving the care and use of animals were reviewed and approved by
the Institutional Animal Care and Use Committee (IACUC) in an AAALAC accredited facility. Lister Hooded HsdOla:LH or Wistar Han HsdHan:WIST rats
were obtained from Harlan Laboratories Europe and naturally mated at approximately 11 weeks of age according to their oestrus cycle. Caesarean sections were
conducted on gestation day GD20 and foetuses submitted to external, visceral
and/or skeletal examination. Data were collected from four studies, two with each
strain, performed contemporaneously. The findings from a total of 38 LH litters
with 439 foetuses and 52 WH litters with 548 foetuses were compared on both
total foetuses and on a per litter basis, excluding the dams/litters with less than 5
implantation sites/foetuses.
The mean terminal corrected body weights of the dams were similar (LH 8% lower
than WH), but the foetal weights were significantly different (LH 30% lower than
WH) with a slightly higher mean litter size (LH at 11.6 and WH at 10.6). The incidences of foetal abnormalities were similar (External: LH at 3.6% and WH at
3.3%.Visceral: LH at 5.4% and WH at 3.3%. Skeletal: LH at 16% and WH at
14%). The range and types of background variations between the strains were comparable. In conclusion, comparative data were found to be useful in study interpretation. On the basis of these data, Lister Hooded rats were considered to be a suitable pigmented strain for use in developmental toxicology studies.
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EXPRESSION PATTERNS OF WNT SIGNALING
PATHWAY COMPONENTS AND EFFECTORS IN
UROGENITAL SINUSES (UGSs) FROM CONTROL AND
2, 3, 7, 8-TETRACHLORODIBENZO-p-DIOXIN (TCDD)EXPOSED FETAL MICE.

R. W. Moore1, K. P. Keil2, V. Mehta2, A. J. Schneider1, A. M. Branam3, C. M.
Vezina2 and R. E. Peterson1. 1School of Pharmacy, University of Wisconsin-Madison,
Madison, WI, 2Comparative Biosciences, University of Wisconsin-Madison, Madison,
WI and 3Molecular and Environmental Toxicology Center, University of WisconsinMadison, Madison, WI.
We are testing the hypothesis that in utero TCDD exposure alters prostatic budding
patterns and reduces prostatic bud number by dysregulating Wnt signaling.
Previously, we reported that in utero TCDD exposure had no detectable effect on
mRNA expression patterns for 18 of the 19 Wnts, 3 of the 4 Rspos, and 4 of 5 Wnt
signaling inhibitors. Specific objectives of this study were to determine the expression patterns of other Wnt signaling pathway components and effectors in control
UGSs, and to determine if TCDD affects these patterns. Pregnant C57BL/6J mice
were dosed with TCDD (5 μg/kg, po) or vehicle on e15.5 and UGSs were collected
from male fetuses 24 hr later. Gene expression patterns were determined by in situ
hybridization on UGS sections. The Wnt receptors Fzd6, Fzd7, Fzd8, Fzd10, Ror1,
and Ror2 were expressed in diverse patterns which appeared to be unaltered by
TCDD, except for Ror2, where the reduction is likely a consequence of delayed bud
formation. The Wnt coreceptors Lrp5 and Lrp6, negative regulatory components
Axin2 and Kremen1, and inhibitors Cxxc5, Sfrp1, Sfrp4, and Wt1 were expressed in
various patterns but none appeared to be affected by TCDD. Wnt transcription
factors Lef1, Tcf7l1, and Tcf7l2 displayed yet additional expression patterns that
also were not detectably affected by TCDD. Expression of other genes that can affect Wnt signaling (Edar, Fst, Runx1, and Sulf1) was not affected by TCDD,
whereas Dnmt1 (DNA methyltransferase 1) expression was generally lower throughout the UGS. These are the first results to demonstrate the expression patterns of
most of these genes in the developing UGS, but the effects of TCDD were few. The
apparent decrease in Dnmt1 expression suggests that TCDD may affect UGS and
prostate development via an epigenetic mechanism. (Supported by NIH grants
ES01332 and DK083425.)

1907

TOXICITY OF PERFLUORINATED COMPOUNDS IN
BIRD EMBRYOS—IS PEROXISOME PROLIFERATOR
ACTIVATED RECEPTOR ALPHA INVOLVED?

M. Strömqvist1, J. Olsson1, A. Kärrman2 and B. Brunström1. 1Environmental
Toxicology, Organismal Biology, UPPSALA, Sweden and 2Man-TechnologyEnvironment Research Center (MTM), ÖREBRO, Sweden. Sponsor: H. Viberg.
Perfluorinated compounds (PFCs) are detected globally in wildlife and many PFCs
have proved to be toxic in various experimental animal models, including chicken
embryos. However, the modes of action of PFCs are poorly known. In mammals,
some PFCs have been found to interact with peroxisome proliferator-activated receptors (PPARs), which might be a contributing factor to the observed hepatic toxicity. In our study, transcription of a set of PPARα-regulated genes was compared in

410

SOT 2012 ANNUAL MEETING

chicken embryos following in ovo exposure to two ubiquitously found PFCs, perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS), and a known
PPARα agonist, GW7647. This study is the first to show transcription of all three
isoforms of PPARs (alpha, beta, and gamma) in chicken embryo kidney and liver.
Furthermore, we demonstrated for the first time that exposure to a potent PPARα
agonist (GW7647) generated a PPARα-regulated response in chicken embryos.
Acyl coenzyme A (ACOX) was the only PPARα-regulated gene that was significantly induced by PFOA and no significant induction was found in embryos
treated with PFOS. Principal component analysis (PCA) illustrated that the hepatic
transcription pattern was more similar between PFOA- and GW7647-treated embryos than between PFOS- and GW7647-treated. The results from our study do
not support that activation of PPARα is important for the embryotoxicity of PFOS
and PFOA found in experimental studies on chicken embryos.
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ARSENIC DISRUPTS TGF-BETA-2 ACTIVITY AND
EPITHELIAL TO MESENCHYMAL TRANSITION.

T. Huang1, P. Allison1, D. Broka1, P. Parker1 and T. Camenisch1, 2, 3.
1Pharmacology & Toxicology, University of Arizona, Tucson, AZ, 2Southwest
Environmental Health Sciences Center, University of Arizona, Tucson, AZ and 3Steele
Children’s Research Center, University of Arizona, Tucson, AZ.
Chronic exposure to arsenic is linked to increased risk for cancers including lung,
kidney, bladder, and liver. Non-cancerous ailments such as birth defects, metabolic
syndrome, hypertension, and atherosclerosis are also associated with arsenic exposure. Many of the organ systems involved in these diseases require epithelial to mesenchymal cell transition (EMT) to form and maintain tissue homeostasis. For example, developmental EMT contributes to neural tube and heart morphogenesis.
Disruption in EMT programming caused by environmental toxicants such as arsenic can result in birth defects and predispose for disease in adulthood. However,
the mechanism of how arsenic disrupts EMT is not known.
We use a primary mouse cardiac epithelial cell line to study the effects of arsenic exposure on developmental EMT. We hypothesized that arsenic disrupts developmental EMT programming causing a deficit in tissue mesenchyme. The expression
of defined EMT genes including TGF-beta2, TGF-beta receptor-3, Snail, and Has2 are decreased in a dose-dependent manner following exposure to arsenic. Low
dose arsenic appears to attenuate TGF-beta2 activity, as cells exposed to arsenic
show a significant decrease in phosphorylated Smad2/3, which are downstream mediators of TGFbeta-2 signaling. This coincides with decreased detection of vimentin-positive mesenchymal cells invading three-dimensional collagen gels. In
conclusion, we show that arsenic exposure blocks the developmental EMT process
at multiple levels attenuating TGFbeta-2 activity and mesenchymal cell differentiation.
(NIH. ES04940; ES06694; SWEHSC P30ES006694)
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QUANTIFICATION OF PERICARDIAL EDEMA USING
HIGH-SPEED CAMERA: INVOLVEMENT OF
PROSTANOID SIGNALING IN PERICARDIAL EDEMA
IN EARLY LARVAE OF ZEBRAFISH EXPOSED TO 2, 3, 7,
8-TETRACHLORODIBENZO-P-DIOXIN.

H. Teraoka, A. Yamakoshi, Y. Okuno and T. Kitazawa. School of Veterinary
Medicine, Rakuno Gakuen University, Ebetsu, Japan.
The cardiovascular system is one of the most characteristic and important targets
for developmental toxicity by 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in fish
larvae. Involvement of the aryl hydrocarbon receptor type 2 (AHR2) and its dimerization partner, aryl hydrocarbon receptor nuclear translocator type 1 (ARNT1) in
TCDD-induced circulation failure as well as other endpoints of toxicity are believed in developing zebrafish. However, the following signaling pathway causing
edema is largely unclear. This is due to lower reproducibility and sensitivity to
chemicals of conventional image analysis of pericardial edema with lateral still
image at 72 hours post fertilization (hpf ) or later. As heart volume is large in pericardial cavity, rate of change is not conspicuous in conventional analysis. Now, we
found small cavity between heart and body wall was markedly increased by TCDD
in 55 or 60 hpf larvae using high-speed camera (forecardial edema). Concentration
dependence of TCDD on forecardial edema formation at 55 hpf was comparable
with pericardial edema at 72 hpf. The response to TCDD was sensitive to knockdown of AHR2 and ARNT1 as well as antioxidant. A selective inhibitor of cyclooxygenase type 2 (COX2), NS398 and thromboxane antagonist (ICI-192,605)
markedly inhibited TCDD-induced forecardial edema. Knockdown of COX2 was
also effective for preventing edema formation by TCDD. These results suggest the

common mechanism including of COX-prostanoid signaling pathway could be involved in TCDD-induced forecardial edema and mesencephalic circulation failure
in developing zebrafish.
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A COMPARISON BETWEEN RAT EMBRYOS IN VIVO
AND WHOLE EMBRYO CULTURE USING
TRANSCRIPTOMICS: DEVELOPMENTAL CHANGES,
MODEL DIFFERENCES, AND RETINOIC ACID
RESPONSE.

J. F. Robinson1, 2, A. Verhoef1, J. L. Pennings1 and A. H. Piersma1, 3. 1The
National Institute for Public Health and the Environment (RIVM), Bilthoven,
Netherlands, 2Department of Toxicogenomics, Maastricht University, Maastricht,
Netherlands and 3Institute for Risk Assessment Sciences (IRAS), Utrecht University,
Utrecht, Netherlands.
The whole embryo culture (WEC) model serves as a potential replacement for in
vivo developmental toxicity testing. In this model, cultured rat embryos are exposed
during early embryogenesis and evaluated for morphological adverse outcomes.
Prediction of developmental toxicity may be improved by incorporating toxicogenomic approaches which can be evaluated across multiple parameters (e.g. time,
model). In this study, we compared retinoic acid (RA)-exposed and non-exposed
Wistar rat embryos derived from WEC (RA, 0.5mg/mL) or in vivo (dams, RA,
50mg/kg, gavage). We assessed changes in expression at the gene and functional
level across six timepoints (GD10 + 2-48h) in relation to morphological embryonic
changes. In nonexposed embryos in WEC and in vivo, we observed similar changes
in gene expression across time in terms of significance, directionality and functionality. Greater changes in the magnitude of specific genes related to development
were observed in vivo as compared to WEC at later timepoints (GD10 + 24, 48h)
associated with more advanced development in vivo. Additionally, we observed
strong similarities in RA-induced response at the gene and functional (e.g. development, cell differentiation) level which associated with common developmental adverse outcomes. Temporal-dependent differences in the magnitude of RA-response
in enriched functional groups, including genes critical for RA metabolism
(Cyp26a1, Dhrs3), suggest kinetic differences in exposure between models. This
study supports the use of WEC to examine compound-induced responses relative
to in vivo models during this timeframe in development and assists in defining the
applicability domain of the WEC in determining complementary windows of sensitivity for developmental toxicological investigations.
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THE EFFECTS OF TRIBUTYLTIN ON THE BONES OF
F1 RATS BY EXPOSURE VIA THE PLACENTA AND
THEIR DAMS’ MILK AND/OR THEIR FOOD.

M. Hosokawa1, 2, M. Tsunoda2, H. Asakawa3, T. Kaido2, C. Sugaya2, Y. Inoue2,
T. Tashiro4, K. Yokoyama1 and Y. Aizawa2. 1Epidemiology and Environmental
Health, Juntendo University Faculty of Medicine, Tokyo, Japan, 2Preventive
Medicine, Kitasato University School of Medicine, Sagamihara, Kanagawa, Japan,
3Meiji Seika, Tokyo, Japan and 4Aoyama Gakuin University School of Science and
Engineering, Sagamihara, Kanagawa, Japan.
Osteoporosis is a major public health concern to which environmental chemical
compounds may be related. Tributyltin (TBT), has been used as an antifouling
agent and may inhibit the differentiation of osteoblasts in vitro. In our previous
study, developmental inhibition among F1 rats exposed to TBT via placenta and
their dams’ milk was observed. In this study, whether or not TBT alters bone metabolism of F1 rats by exposure via placenta, dams’ milk, and/or food was evaluated. Pregnant rats were administered 0 and 125 ppm of TBT chloride in their
food. After weaning, female F1 rats were fed with normal rodent chow. At 9 weeks
of age, the rats were reassigned to groups fed 0 or 125 ppm TBT and further divided into 1 of 4 groups: control-control (CC); TBT-control (TC) exposed to TBT
via placenta and dams’ milk; control-TBT (CT) exposed to TBT via food; and
TBT-TBT (TT) exposed to placenta, dams’ milk, and food. At 15 weeks of age, the
rats’ body weights were checked. The rats’ femurs were sampled and photographed
(Softex X-ray) with the standard aluminum scale. The photographs were analyzed
by microdensitometry; and the indexes calculated were: bone mineral content,
bone mineral density, and cortical thickness. Mean body weights in the TC and TT
groups were significantly lower than those in the CC and CT groups. Mean values
of bone mineral content, bone mineral density in the CT, TC, and TT groups were
significantly lower than those in the CC group. Mean cortical thickness index in
the TT group was significantly lower than those in the CC and CT groups.
Whether the decreases in bone mineral content and density were followed by developmental inhibition or by specific alterations in bone metabolism affected by TBT
remains unclear; however, osteoporosis is likely affected by exposure to TBT.
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DEVELOPMENTAL EXPRESSION OF THE NFE2RELATED FACTOR (NRF) TRANSCRIPTION FACTOR
FAMILY AND REGULATION BY AHR2.

L. M. Williams1, A. R. Timme-Laragy1, D. G. Franks1, M. J. Jenny2 and M. E.
Hahn1. 1Biology, Woods Hole Oceanographic Institution, Woods Hole, MA and
2University of Alabama, Tuscaloosa, AL.
The inducible response to reactive oxidants and electrophiles proceeds through a
family of Cap’n’collar (CNC) basic leucine zipper (bZIP) transcription factors.
Zebrafish have six CNC-bZIP proteins: nuclear factor erythroid-2 (Nfe2), Nfe2-related factor-1a and 1b (Nrf1), Nfe2-related factor-2a and 2b (Nrf2), and Nfe2-related factor-3 (Nrf3). To understand the role of these genes in development, their
expression was profiled with qPCR from zero to 120 hpf. nfe2 was maternally deposited, but significant transcription did not begin until 48 hpf and remained relatively constant until 120 hpf. nrf1b, but not nrf1a, was highly expressed during development. nrf2a expression increased steadily during development, while nrf2b
was highly expressed throughout, 10-100-fold higher than nrf2a. nrf3, like nfe2,
was maternally deposited, but its embryonic transcription turned on earlier (6 hpf ).
The expression of the nrf gene family upon oxidative stress was also measured following exposure of embryos (48-96 hpf ) to the pro-oxidant tBHQ. tBHQ repressed the expression of nfe2 and nrf1b at 96 hpf, but had no significant effect on
expression of nrf1a, nrf2a, nrf2b or nrf3. The regulation of these genes during development by the Ahr2 transcription factor was tested using morpholino gene
knockdown technology and TCDD as an Ahr2 activator. At 24 hpf, nfe2 was induced by TCDD and both basal expression and inducibility were reduced by
knockdown of Ahr2. nrf1a (24 hpf ) and nrf2a (48 hpf ) were not inducible but
their basal expression was reduced by Ahr2 knockdown. nrf1b (24 hpf ) and nrf2b
(48 hpf ) were TCDD-inducible in an Ahr2-dependent manner. Treatment with
TCDD or Ahr2 knockdown reduced the expression of nrf3 (48 hpf ). These results
indicate that members of the nrf gene family are expressed throughout development in zebrafish, are differentially responsive to oxidative-stress, and exhibit different abilities to engage in cross-talk with the Ahr2 signaling pathway.
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LOW-DOSE PRENATAL PERFLUOROOCTANOIC ACID
EXPOSURE REDUCES ESTROGEN RECEPTOR-α AND
ALTERS α-SMOOTH MUSCLE ACTIN PROTEIN
EXPRESSION OF MAMMARY GLANDS IN LATE
ADOLESCENT FEMALE OFFSPRING.

M. B. Macon1, 2, C. E. Reed2, D. K. Robinson1, 2, A. J. Filgo1, 2 and S. E.
Fenton2. 1Curriculum in Toxicology, University of North Carolina at Chapel Hill,
Chapel Hill, NC and 2National Toxicology Program Laboratories, NIEHS, Research
Triangle Park, NC.
We have previously shown that prenatal low-dose perfluorooctanoic acid (PFOA)
exposure delays mammary gland (MG) development in CD-1 female mice. To determine whether these low-dose PFOA-induced MG aberrations persist beyond puberty, time-pregnant CD-1 mice were orally dosed with 0, 0.01, 0.1, and 1.0 mg
PFOA/ kg body weight daily from gestation days (GD) 10-17 and MGs were collected from female offspring from postnatal day (PND) 7-56. MGs were removed
from female offspring at PND 56+/-2 d in the estrus stage, fixed in formalin, and
sections were analyzed by histological or immunohistochemical (IHC) staining;
e.g., hematoxylin and eosin, Masson’s trichrome, pan-wide cytokeratin, estrogen receptor-α (ERα), progesterone receptor (PR), and α- smooth muscle actin (αSMA). Compared to control glands, PFOA-treated glands displayed increased abnormal architecture and increased stroma as indicated by thick blue staining
around epithelial ducts when stained with Masson’s trichrome. For IHC stains,
glands were scored based on intensity of staining in mammary epithelial cells.
PFOA did not affect cytokeratin but had a significant effect on α-SMA expression:
The highest dose reduced intensity of staining and the two lower doses increased
intensity of staining. Additionally, we observed dose-dependent trends for increases
in PR and significant dose-dependent decreases in ERα. These preliminary data
suggest that PFOA has endocrine disrupting effects on mammary cells and that the
effects persist into late adolescence even with low-dose exposures. This abstract does
not necessarily reflect NIEHS policy.
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DEVELOPMENTAL TOXICITY OF ACETYLSALICYLIC
ACID IN RATS.

E. Mylchreest, K. S. Gilbert, C. B. Cagle and K. D. Daniels. Southern Research,
Birmingham, AL.
A positive control study was conducted with acetylsalicylic acid (ASA) to support
training on identification of fetal anomalies. Rats (10-12/group) were administered
a single dose of ASA orally by gavage at 0 or 500 mg/kg (5 mL/kg in 0.2% methylcellulose) on gestation day (GD) 9, 10, 11, or 12. A laparohysterectomy was performed on GD 21 and fetuses were weighed and examined for external, visceral,
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and skeletal anomalies. Postimplantation loss was increased in the GD 9 and 10
groups (mean of 54.2% and 13.3% vs. 3.5% in controls). In the GD 9 group, this
was due to increased dead fetuses (mean of 1.0 vs. 0 in controls), early resorptions
(6.3 vs. 0.6 in controls), and late resorptions (0.6 vs. 0 in controls); but was due to
increased early resorptions in the GD 10 group (2.0 vs. 0.6 in controls). There was
a resultant decrease in the number of live fetuses in the GD 9 and 10 groups (7.0
and 12.8 vs. 15.4 in controls). Neural tube, abdominal wall, and tail anomalies
were observed in the GD 9 group, and cleft lip/palate in the GD 9, 10, and 11
groups. Cardiovascular, reproductive, liver, renal, adrenal, spleen, and diaphragm
anomalies were observed with the overall group incidence in the order GD
9>10>11>12. The most common anomalies were great vessel transposition, absent
aortic arch, ectopic testes/ovaries, abnormal liver lobation, absent diaphragm; and
supernumerary kidney (GD 11>9). Axial skeletal development was markedly affected in the GD 9 group with numerous skull, rib, sternebral, and vertebral anomalies, most notably absent and fused structures. In conclusion, ASA administration
to rats during major organogenesis resulted in embryolethality and/or malformations, which is consistent with the published literature. A single oral dose on GD 9
produced the most severe effects, followed by GD 10, and to a lesser extent GD 11
and 12.
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BISPHENOL A (BPA) PERINATAL EXPOSURE IN AVY
MICE SUPPRESSES PROCESSES CRITICAL TO
HEPATIC BIOTRANSFORMATION AND CLEARANCE.

A. C. Donepudi1, P. T. Sieli3, C. S. Rosenfeld2 and A. L. Slitt1. 1University of
Rhode Island, Kingston, RI, 2Department of Biomedical Sciences, University of
Missouri, Columbia, MO and 3Bond Life Sciences Center, University of Missouri,
Columbia, MO.
BPA is a chemical used in plastic manufacturing. Multiple studies in rodents illustrate developmental exposure to BPA results in insulin resistance, adipogenesis, behavioral, and physiological changes through multiple mechanisms – including epigenetic modifications. However, none of these studies document how
developmental BPA exposure can affect liver function, which is crucial in determining circulating hormone concentrations, chemical detoxification and clearance.
BPA is extensively metabolized to BPA-glucuronide and BPA-sulfate by Phase II
enzymes and eliminated by ATP-binding cassette (Abc) transporters. Specifically in
rodents, Ugt 2b1, 2b35 and Sult1a1 metabolize BPA and Abcc2 eliminates BPAglucuronide from liver. The purpose of this study was to investigate whether perinatal BPA exposure affects hepatic Phase-II and Abc transporter expression involved in BPA metabolism. Female a/a (C57BL/6) mice were exposed to either of
four diets- BPA (50 μg/kg or 50 mg/kg diet) or 0.1ug/kg diet ethinyl estradiol (EE)
or AIN93 Control diet with 7% corn oil from 2 weeks pre-mating with male Avy/a
mice. BPA exposure was maintained through the breeding and lactation period.
Pups were weaned on postnatal day (PND) 21 and maintained on the AIN93 control diet. Livers were collected from male offsprings after PND 135. BPA (both
concentrations) and EE perinatal exposure decreased the hepatic expression of
Ugt2b1, 2b35, Sult1a1, Abcc2, Abcb11 and Abcg2. BPA decreased Abcc3 and 4
expression at the dietary concentration of 50 mg/kg, whereas EE elicited a marked
decrease in Abcc3. This data suggests that perinatal BPA and EE exposure may
work via similar pathways, and greatly affect the expression of key hepatic genes involved in BPA and hormone metabolism and clearance.
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DEVELOPMENTAL TOXICITY OF 6AMINONICOTINAMIDE IN RABBITS.

E. Mylchreest, K. S. Gilbert, C. B. Cagle and K. K. Daniels. Southern Research,
Birmingham, AL.
A positive control study was conducted with 6-aminonicotinamide (6-AN) to support training on identification of fetal anomalies. Rabbits (5/group) were administered a single dose of 6-AN orally by gavage at 0 or 8 mg/kg (8 mL/kg in 0.5%
methylcellulose) on gestation day (GD) 9, 10, 11, 12 or 13. A laparohysterectomy
was performed on GD 29 and fetuses were weighed and examined for external, visceral, and skeletal anomalies. Abortions occurred in the groups dosed on GD 9, 11,
and 13 (1, 1, and 3 rabbits, respectively). Postimplantation loss was increased in all
6-AN groups (35% to 71% vs. 19% in controls). This was primarily due to increased early resorptions; group means ranged from 3.5 to 5.5 in the dosed groups
compared to 1.8 in controls. The mean number of live fetuses in the GD 9, 10, 11,
and 12 groups ranged from 5 to 7 compared to 9 in controls. Due to extensive embryolethality, the GD 13 group could not be evaluated for fetal anomalies; there
were only 2 live fetuses, which were normal. In the other 6-AN groups, the most
common external anomalies were cleft lip/palate and limb/paw flexure/rotation
anomalies (highest incidence on GD 11), and tail anomalies (GD 9). A wide variety of cardiovascular defects, as well as lung, kidney, brain, and eye anomalies occurred, with the overall group incidence in the order GD 9>10>11>12. Skeletal
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anomalies such as fused ribs and absent/fused vertebrae occurred primarily in the
GD 9 group. In conclusion, administration of a single oral dose of 6-AN to rabbits
during major organogenesis resulted in embryolethality and/or malformations,
which is consistent with the published literature. Although there was some overlap,
cardiovascular, lung, palate, and tail defects were primarily observed with dosing on
GD 9 or 10 whereas anomalies of the limbs, paws, and digits were seen mostly in
groups dosed on GD 11 or 12.
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DEVELOPMENTAL TOXICITY OF LERSIVIRINE IN
RABBITS WHEN ADMINISTERED THROUGHOUT
ORGANOGENESIS AND WHEN LIMITED TO
SENSITIVE WINDOWS OF AXIAL SKELETAL
DEVELOPMENT.

G. D. Cappon, M. E. Hurtt, C. J. Bowman, G. L. Finch and S. N. Campion.
Pfizer Worldwide Research & Development, Groton, CT.
Lersivirine is a second generation non-nucleoside reverse transcriptase inhibitor
(NNRTI) undergoing clinical development for the treatment of HIV-1. An embryo-fetal development (EFD) study was performed to evaluate the maternal and
developmental toxicity of lersivirine in pregnant rabbits. Pregnant New Zealand
White rabbits were administered 0, 100, 250, and 500 mg/kg lersivirine by oral
gavage once daily on Gestation Days GD 7-19, followed by cesarean section on GD
29 and fetal evaluation. Maternal toxicity was noted at all dose levels (decreased
food consumption and body weight gain), with fetal toxicity at 500 mg/kg (decreased fetal weights, increased postimplantation loss). Equivocal findings for axial
skeletal malformations were observed in 3 fetuses at 500 mg/kg. To better understand if these findings were related to treatment with lersivirine, a follow-up rabbit
EFD study was performed with 1000 mg/kg/day lersivirine (500 mg/kg BID, 12
hour inter-dose interval) for 2 different 3 day windows, GD 8-10 or GD 11-13,
which represent the sensitive windows of axial skeletal development in rabbits.
Control rabbits were administered vehicle following the same dosing regimen from
GD 8-13. Cesarean sections were performed on GD 29, and fetal skeletons were
examined for the potential of lersivirine to cause skeletal malformations in rabbits.
At maternal exposure levels higher than the initial study, lersivirine did not induce
fetal skeletal malformations when administered in the sensitive windows of axial
skeletal development. The results of these studies indicate that lersivirine is not teratogenic in rabbits.
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POLYCYCLIC AROMATIC HYDROCARBONS INDUCE
DISTINCT mRNA EXPRESSION PROFILES IN
DEVELOPING ZEBRAFISH.

B. C. Goodale1, S. C. Tilton2, A. J. Swanson1, K. M. Waters2 and R. L.
Tanguay1. 1Environmental and Molecular Toxicology, Oregon State University,
Corvallis, OR and 2Computational Biology and Bioinformatics, Pacific Nortwest
National Laboratory, Richland, WA.
Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous in the environment as
components of fossil fuels and by-products of combustion. Increasing levels of
PAHs, some of which are carcinogens and developmental toxicants, are a growing
health concern. Despite this, toxicological data is scarce for the hundreds of PAHs
and substituted derivatives found in the environment. Some PAHs induce toxicity
via activation of the aryl hydrocarbon receptor (AHR), while others act through uncharacterized AHR-independent pathways. We employed the zebrafish model to
rapidly assess the developmental toxicity and AHR activation in embryos exposed
to parent and oxygenated PAHs during development, from 6-120 hours post fertilization (hpf ). CYP1A protein expression was analyzed in whole embryos with immunohistochemistry and served as a biomarker of AHR activation to identify
PAHs that induced divergent toxicological responses. Seven oxy- and parent PAHs
(pyrene, benz(a)anthracene, 1,9-benzanthrone, benz(a)anthracene-7,12-dione,
dibenzothiophene, 9,10-anthraquinone and 9-oxo-xanthene) were chosen for comparative mechanistic studies at concentrations that caused malformations, but not
mortality at 120 hpf. Differential dependence of the elicited PAH toxicity on the
AHR was confirmed with a recently characterized AHR2-null zebrafish line, combined with morpholinos targeting the other two zebrafish AHR isoforms. To further unravel putative mechanisms of toxicity, mRNA expression changes in PAHexposed embryos were examined with whole-genome microarrays at 24 and 48
hours post fertilization. Unique gene expression changes and ontology profiles were
identified, which will be used to distinguish biomarkers of the multiple toxicity
pathways induced by PAH exposure. This research is supported by NIEHS grants
P30ES00210, P42ES016465 and T32ES07060.
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EXPOSURE TO 2, 3, 7, 8-TETRACHLORODIBENZO-PDIOXIN BLOCKS PROEPICARDIUM DEVELOPMENT
IN THE ZEBRAFISH EMBRYO.

P. J. Hofsteen, J. S. Plavicki, R. E. Peterson and W. Heideman. School of
Pharmacy, University of Wisconsin-Madison, Madison, WI.
During early vertebrate heart development the heart consists of two layers, the myocardium and the endocardium. Further development of the heart relies heavily on
the formation of the epicardium, which is the outer-most layer of cells surrounding
the myocardium. The epicardium is derived from a transient mesothelial organ
called the proepicardium (PE). In zebrafish (Danio rerio), static waterborne exposure to TCDD (1 ng/mL; 10 embryos/mL) at 24 hours post fertilization (hpf )
blocks the formation of the epicardium. We hypothesized that failure to form the
epicardium might be secondary to a TCDD-induced disruption of PE formation.
To test this hypothesis we exposed zebrafish embryos to TCDD or vehicle control
(Dimethyl sulfoxide; DMSO) and used bright field and video microscopy to score
samples (n=15/treatment) for the presence or absence of the PE. From our experiments it is clear that TCDD inhibits zebrafish PE formation (p<0.01). The loss of
the PE is the first cardiac-related morphological alteration observed in the zebrafish.
We then hypothesized that TCDD exposure perturbs the expression of genes that
are required for normal PE development. In situ hybridization experiments revealed
that exposure to TCDD alters the expression of acvrI1, tcf21, wt1 and tbx18 during PE development and PE outgrowth. We are currently conducting experiments
to determine if zebrafish PE cell migration is altered following TCDD exposure.
Cardiac malformations caused by TCDD exposure are not limited to zebrafish embryos. The developing chick (Gallus gallus domesticus) and mouse (Mus musculus)
hearts are also targets of TCDD toxicity; therefore we have broadened our investigation and hypothesized that TCDD-induced defects in PE and epicardial development are conserved between the zebrafish, chick and mouse. This work was supported by NIH Grant ES012716 and UW Sea Grant.
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NONINVASIVE AND AUTOMATED ACQUISITION OF
PHYSIOLOGICAL AND DEVELOPMENTAL
PARAMETERS IN RAT NEONATES.

E. C. Durand1, F. Spézia2, J. Gallego3, 1, P. C. Barrow2, R. Forster2 and J.
Legrand2. 1PhenoPups SAS, Paris, France, 2CiToxLAB France, Evreux, France and
3UMR676 Inserm/Université Paris Diderot, Paris, France.
We propose a novel system and battery of assays (the PhenoPups device) aimed at
evaluating efficiently and in a convenient time frame any potential adverse effects
on heart rate, respiratory parameters, body temperature, vocalization and actimetry
in juvenile rats. The aim of our study was to assess the ability of this assay battery to
detect disorders in rat pups exposed prenatally to chlorpromazine hydrochloride
(CPZ), a known behavioral teratogenic agent. Nine pregnant rats received CPZ at
1, 5 or 25 mg/kg/day from day 6 post-coitum (pc) to day 17 pc. Three untreated
pregnant rats served as controls. The tests were conducted on post-natal days 1
(PND1) and PND5. Minute ventilation, heart rate, body temperature, ultrasonic
vocalizations (a measure of stress) and general activity were measured simultaneously and non-invasively at 32°C in four unrestrained rat pups per litter. We used a
battery of four whole-body flow plethysmographs equipped with ECG electrodes
embedded in the chamber floor. Body pups temperature was measured by infrared
thermography. Locomotion and body contacts were assessed using a camera system
in a separate device. In pregnant dams, mean body weight gain and mean food consumption were not affected by CPZ. The only findings were hypoactivity and reflux at dosing in 2/3 females administered at 25 mg/kg/day. In PND5 pups, heart
rate and minute ventilation were significantly lower than other groups at 5
mg/kg/day. These effects were dose-dependently associated with abnormal behavioral characterized by significantly lower activity scores on PND1. Overall, our system allows measurement of physiological parameters in rat pups as early as PDN1
and to monitor them using a comprehensive battery of non invasive tests.
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G-PROTEIN-COUPLED ESTROGEN RECEPTOR 1
(GPER) ACTIVATION RESULTS IN CARDIOVASCULAR
IMPAIRMENTS DURING ZEBRAFISH
EMBRYOGENESIS.

B. S. Jayasinghe and D. C. Volz. Department of Environmental Health Sciences,
University of South Carolina, Columbia, SC.
G-protein-coupled estrogen receptor 1 (GPER) is a member of the G-protein-coupled receptor superfamily that induces rapid non-genomic signaling in response to
some nuclear estrogen receptor ligands. Based on studies in mice, gper mRNA and
protein are, in addition to gonads, primarily localized to vascular endothelial cells

(ECs) of small systemic arteries within juvenile and adult animals. However, the
potential role of GPER in regulating morphogenesis of the cardiovascular system
during embryonic development is currently unknown. Using wildtype zebrafish
embryos, we have revealed that (1) gper mRNA is highly expressed during formation of the cardiovascular system; (2) aberrant GPER activation by a selective
GPER agonist (G-1) – but not inhibition by a selective GPER antagonist (G-15) –
results in adverse concentration-dependent effects on survival, gross morphology,
axial muscle development, and cardiovascular performance; and (3) co-exposure
with G-15 blocks G-1-induced teratogenesis and downstream signaling events, suggesting that G-1 toxicity is mediated via aberrant GPER activation. In addition,
embryos exposed to G-1 during the gastrula or early larval period do not develop
abnormalities as severe as embryos exposed during the segmentation, pharyngula,
or hatching period. Therefore, based on the timing of sensitive developmental windows relative to the timing, magnitude, and localization of gper expression, the developing cardiovascular system is likely a primary target organ for G-1-induced toxicity. Using quantitative imaging assays and transgenic zebrafish (fli1:egfp) that
stably express eGFP within vascular ECs, we have now demonstrated that aberrant
GPER activation results in impaired cardiac morphology, blood vessel growth, and,
at higher G-1 concentrations, early circulatory arrest. Similar to our gross morphologic findings, co-exposure with G-15 blocks these effects, suggesting that G-1-induced activation of GPER primarily occurs within cells localized to the cardiovascular system.
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DEFINING THE DEVELOPMENTAL TOXICITY OF
OXYGENATED POLYCYCLIC AROMATIC
HYDROCARBONS (OPAHS) USING EMBRYONIC
ZEBRAFISH.

A. L. Knecht, B. Goodale, A. Swanson, M. Simonich and R. L. Tanguay.
Department of Environmental and Molecular Toxicology and Health Sciences Center,
Oregon State University, Corvallis, OR.
Oxygenated polycyclic aromatic hydrocarbons (OPAHs) are produced by incomplete combustion and oxidation of parent PAHs. OPAHs are widely present in the
environment and there is suggestive evidence that OPAHs may be more toxic than
parent PAHs, making their timely evaluation important. We used a rapid throughput zebrafish developmental toxicity screen to evaluate the toxicity of a structurally
diverse set of OPAHs. Dechorionated embryos were exposed between 6 and 120
hours post fertilization (hpf ) to serial dilutions of 40 different OPAHs. Zebrafish
were evaluated for mortality and a suite of complex endpoints at 120hpf. In addition, IHC was conducted to evaluate AHR dependence through the induction of
the downstream target, CYP1A. Structure-response observations indicated the
most toxic class of OPAHs was those with adjacent diones on 6-carbon moieties
while adjacent diones on 5-carbon moieties were among the least toxic OPAHs.
Multi-ring structures with terminal, para-diones were the second most toxic “class”
of OPAHs while the toxicity of multi-ring structures with more centralized paradiones varied considerably. Representative subsets of OPAHs were selected for further analysis based on differential toxicity and AHR-dependent CYP1A expression
profiles. Evaluation of early molecular responses to these OPAHs was conducted at
concentrations that induce malformations by 120hpf. RNA was isolated from
48hpf embryos and qRT-PCR was conducted using primers for a number of DNA
repair and oxidative stress genes important in cellular detoxification and protection
from oxidative damage. The Seahorse Extracellular Flux Analyzer was used to measure in vivo oxidative stress in 24hpf zebrafish embryos and preliminary results indicate an OPAH dependent decreased oxygen consumption rate (OCR). These results begin to reveal a structure toxicity relationship for environmentally relevant
OPAHs. This research was supported by the NIEHS grant P42ES016465 and
P30ES00210.
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THE ROLE OF THE GPER IN THE DEVELOPMENTAL
TOXICITY OF THE DIETARY FLAVONOID
QUERCETIN.

S. R. Das1, E. Bee2, A. Moffett2 and R. L. Tanguay1. 1Environmental and
Molecular Toxicology, Oregon State University, Corvallis, OR and 2Willamette
University, Salem, OR.
Although it is abundantly clear that exposure to dietary constituents is one of the
greatest routes of human exposure to bioactive compounds, little effort is directed
at understanding whether dietary recommendations intended to protect against
adult diseases may pose collateral risks to earlier life stages. The dietary flavonoid,
quercetin, a prominent antioxidant, is present in fruits, vegetables, tea and many
food supplements. Quercetin has been reported to confer protection against cancer,
cardiovascular diseases and inhibit tumor progression; however, relatively little is
known whether developmental exposure is hazardous to early life stage vertebrates.
As a phytoestrogen, it has the potential to inappropriately modulate the endocrine
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system and cause toxicity. These studies were aimed at investigating the potential
developmental toxicity of quercetin and its molecular mechanism using the embryonic zebrafish model. Zebrafish embryos were exposed to quercetin starting at 6 hpf
(0-50 μM). Embryos were evaluated for developmental abnormalities and/or mortality at 24 hpf and 5 dpf. Locomotor activity was recorded both in the presence
and absence of visible light in 5 dpf visibly normal zebrafish larvae that were exposed to sub-lethal concentrations of quercetin (0.1 and 1 μM). There was a significant difference in motor activity in zebrafish exposed to 0.1 or 1 μM quercetin in
the absence of visible light. In addition, there was a significant increase in developmental malformations and/or mortality following 50μM quercetin exposure.
Malformations included curved body axis, reduced growth, pericardial edema and
yolk sac edema. When co-exposed to both quercetin and an antagonist of the Gprotein coupled estrogen receptor (GPER), embryos were indistinguishable from
unexposed embryos and were therefore phenotypically normal. These results
demonstrated that quercetin is developmentally toxic and that GPER plays a role in
the toxicity mechanism. These studies were sponsored by NIH P30ES00210 and
1R21ES018970.
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MTBE ANTIANGIOGENESIS IN ZEBRAFISH EMBRYOS
(DANIO RERIO) IS CAUSED BY THE DYSREGULATION
OF THE HIF1 ALPHA-VEGF PATHWAY.

J. A. Bonventre1, L. A. White2, 1 and K. R. Cooper2, 1. 1Joint Graduate Program in
Toxicology, Rutgers, the State University of New Jersey, New Brunswick, NJ and
2Department of Biochemistry and Microbiology, Rutgers, the State University of New
Jersey, New Brunswick, NJ.
Regulation of vascular endothelial growth factor (VEGF) in zebrafish embryos occurs primarily through hypoxia inducible factor 1 alpha (HIF1α), which is regulated by prolyl-4-hydroxylases (PHDs) and von Hippen-Lindau (VHL).
Hydroxylation of HIF1α by PHDs under normoxic conditions is the marker for
VHL binding, a component of the ubiquitination system. To test the hypothesis
that methyl tert butyl ether (MTBE) anti-angiogenesis is caused by a dysregulation
of the HIF1α -VEGF pathway, we used plasmid containing VEGF (pVEGF) injections to rescue vegf expression [study 1], N-oxalylglycine (N-OG) to chemically inhibit PHD hydroxylation of HIF1α [study 2], and a VHL mopholino to knockdown translation and block HIF1α ubiquitination [study 3]. Embryos were
injected at the 1-4 cell stage with 80ng of pVEGF for study 1, and exposed to either
0 or 5mM MTBE at 1k cell stage until 21-somites. Embryos treated with MTBE
exhibited a decrease in the mRNA expression of vegfa, vegfc, flk1, hif1α, mmp2,
mmp9, and wnt3a (ranging from 0.3-0.8 fold), while pVEGF injected embryos exposed to MTBE exhibited control-level expression or greater (1.07-4.86 fold). In
study 2, embryos were individually exposed to 10mM MTBE and co-treated with
either 100 or 200μM N-OG. Exposure to 200μM N-OG reduced the appearance
of MTBE induced lesions by 30%. To characterize the zebrafish VHL morpholino
for study 3, the effect of VHL knockdown on the genes decreased by MTBE in
study 1 was determined using three concentrations of morpholino: 12.5, 25, and
50uM. At 24hpf, a dose dependent increase in the expression of vegfa, vegfc, flk1,
hif1α, and mmp9 was observed. Together, these studies suggest that the vascular lesions caused by MTBE are a result of a dysregulation of the HIF1α -VEGF pathway.

of known teratogenicity to test the hypothesis that iPSCs exhibit a similar response
to that of hESCs upon exposure. Cell viability assays were performed to measure
the cytotoxicity of the dosed compounds and dose levels were adjusted to avoid
overt toxicity. The secretome of the iPSCs was identified and differential small molecule features were identified using statistical analysis. These features were annotated using Stemina’s in house metabolite database and were used to create a predictive model of developmental toxicity in iPSC line 19.9.7T. Initial comparisons
between three hES and two iPS cell lines show little difference in the composition
of their secretomes, indicating that extracellular environments produced by iPS and
hES are similar. The small molecules and pathways altered in response to teratogen
treatments of line 19.9.7T are reported.
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COORDINATED DOWN-REGULATION OF
HEPATOBILIARY TRANSPORTERS IN PREGNANT
MICE.

R. Yeager1, 2, L. M. Aleksunes2, 3, X. Wen3, Y. J. Cui2 and C. D. Klaassen2.
1Toxicology, Preclinical Safety, Abbott Laboratories, Abbott Park, IL, 2Department of
Pharmacology, Toxicology, and Therapeutics, University of Kansas Medical Center,
Kansas City, KS and 3Department of Pharmacology and Toxicology, Rutgers
University, Piscataway, NJ.
Xenobiotic transporters regulate maternal-fetal disposition of chemicals. Changes
in maternal transporter expression may influence fetal drug exposure and susceptibility to developmental diseases. The objective of this study was to determine the
temporal mRNA and protein profiles of uptake and efflux transporters in livers
from pregnant and time-matched (non-pregnant) virgin control C57BL/6 mice
(n=3 to 4/group/day) on gestational days (GD) 7, 11, 14, 17, and postnatal days
(PND) 1, 15, and 30. As early as GD-7, mRNAs of Bcrp and Abcg8 in livers of
pregnant mice were decreased 30-50% of virgin controls. The mRNAs of most
transporters were reduced in pregnant dams between GD-11 to -17, with maximal
mRNA down-regulation on GD-14. Compared to virgin controls, the mRNAs of
uptake transporters Ntcp, Oatp1a4, Oatp1b2, Oct1 and Ent1 were decreased by
approximately 50%. During pregnancy, the mRNAs of both canalicular efflux
transporters (Bsep, Mrp2, Bcrp, Mdr2, Abcg5/8, Atp8b1, and Mate1) and sinusoidal efflux transporters (Mrp3, Mrp6, and Abca1) were decreased. Western blot
and immunofluorescence staining confirmed the down-regulation of Mrp2, 3, 6,
Bsep, and Ntcp proteins. One day after parturition (PND-1), the mRNA expression of many uptake and efflux hepatobiliary transporters remained low. By PND30, the mRNAs of all transporters returned to values comparable to virgin controls.
Collectively, these data demonstrate a time-dependent down-regulation of many
xenobiotic transporters in livers of pregnant mice. Further research is required to
elucidate whether reduced expression of hepatobiliary transporters in mid to late
pregnancy alters disposition and fetal exposure to chemicals. (Supported by ES005022, DK-080774, ES-020522).
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EARLY EMBRYOGENESIS IS HIGHLY SUSCEPTIBLE TO
TDCPP-INDUCED DEVELOPMENTAL TOXICITY.

S. P. McGee1, E. M. Cooper2, H. L. Stapleton2 and D. C. Volz1. 1Environmental
Health Sciences, University of South Carolina, Columbia, SC and 2Nicholas School of
the Environment, Duke University, Durham, NC.
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METABOLOMICS-BASED COMPARISON OF HUMAN
EMBRYONIC AND INDUCED PLURIPOTENT STEM
CELLS TO PREDICT DEVELOPMENTAL TOXICITY.

E. R. Donley1, A. M. Smith1, J. A. Palmer1, P. R. West1, K. R. Conard1, B. R.
Fontaine1, P. Bais1, R. E. Burrier1 and G. G. Cezar1, 2. 1Stemina Biomarker
Discovery, Inc., Madison, WI and 2Department of Animal Sciences, University of
Wisconsin-Madison, Madison, WI. Sponsor: T. Knudsen.
Birth defects are the largest cause of infant morbidity and mortality in the United
States and teratogens are responsible for 5-10% of all birth defects. The majority of
preclinical efficacy and toxicity testing of pharmaceuticals are currently performed
using animal models, which show only 62% concordance to humans. We have developed the first all-human in vitro developmental toxicity screen that utilizes
human embryonic stem cells (hESCs) and metabolomics to discover biomarkers of
developmental toxicity. Induced pluripotent stem cells (iPSC) are being investigated world-wide as a more ethically attractive alternative to hESCs. We measured
the secreted metabolites across three hESC and two iPSC lines using liquid chromatography mass spectrometry (LC-MS), to determine the metabolic differences
between these cell types. Additionally, we exposed each cell line to 23 compounds
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Following phase-out of PentaBDE in 2004, tris(1,3-dichloro-2-propyl)phosphate
(TDCPP) - an organophosphate (OP) ester flame retardant (FR) - has been extensively used as an alternative FR for low-density polyurethane foams used in furniture. Similar to concerns about OP insecticides, exposure to TDCPP within residential and commercial indoor environmental media (e.g., air or dust) may pose a
health risk to fetuses, infants, and children. However, little is known about the potential developmental effects of TDCPP. In this study, zebrafish embryos were continuously treated to water-borne TDCPP using the following exposure scenarios: 1)
2- to 64-cell-stage (0.75 to 2 hrs post-fertilization (hpf )), followed by incubation
within vehicle control water to 24-h post-hatch (96 hpf ); 2) 2-cell-stage (0.75 hpf )
to 96 hpf; and 3) 50% epiboly (5.25 hpf ) to 96 hpf. TDCPP and bis(1,3-dichloro2-propyl)phosphate (BDCPP, a primary metabolite) concentrations within whole
embryos were quantified using LC/MS-MS. While exposure to TDCPP from 50%
epiboly to 96 hpf resulted in a concentration-dependent increase in teratogenesis
(LC50 = 9 μM), TDCPP exposures initiated at the 2-cell-stage, or exposures restricted to the cleavage period (2- to 64-cell-stage) alone, resulted in a 3-fold decrease in the concentration required to induce a similar magnitude of teratogenesis
(LC50 = 3 μM) compared to exposures initiated at 50% epiboly. This window of
sensitivity was likely not due to differences in TDCPP uptake, yolk sac retention,
nor increased metabolism since (1) TDCCP concentrations within continuously

exposed embryos were at least 2-fold higher than concentrations within embryos
only exposed during cleavage; (2) whole-embryo TDCPP concentrations were nondetectable by 24 hpf following transfer to clean water at 2 hpf; and (3) higher
BDCPP concentrations were not correlated with enhanced toxicity. Overall, our
findings suggest that the cleavage period is highly susceptible to TDCPP-induced
developmental toxicity.
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SEARCHING GENE CANDIDATES RESPONSIBLE FOR
RISK OF MENTAL DISORDERS IN THE MOUSE
INTRAUTERINE UNDERNUTRITION MODEL.

T. Ogawa, R. Rakwal, J. Shibato, T. Saito, A. Murayama, G. Tamura, M.
Kuwagata and S. Shioda. Anatomy, Showa University School of Medicine, Tokyo,
Japan.
Epidemiological evidence has advanced a hypothesis that undernutrition during
gestation is an important early origin of adult diseases. Animal models have successfully demonstrated the contribution of maternal diet to the health and lifespan
in offspring. More recently, this hypothesis was extended to propose a risk for some
mental disorders such as ADHD and depression. In the present study, we produced
a maternal undernutrition model in the mouse, and investigated gene candidates
responsible for a risk of mental disorders. Pregnant mice (C57BL/6J) were exposed
to food deprivation (FD) on gestation day (GD)17, or 50% food restriction (FR)
from GD10 to17, and caesarean section was performed on GD18. Control groups
were supplied with chow ad libitum. Total RNA was extracted from fetal brains and
livers. DNA microarray analysis (Agilent Mouse Whole Genome 4 x 44K) was performed. Following FD and FR, nearly 550 up (>1.5 fold) and 600 down (<0.75
fold)-regulated genes, and 1200 up and 1200 down-regulated genes, were detected
in the brain, respectively. The neuromedin B receptor, which is related to inhibition
of food intake, glycine receptor, cholinergic receptor, and GFAP, were slightly
down-regulated in the brain, however genes related to monoaminergic system
showed no change in expression. Interestingly, analysis of the gene expression in the
liver, which is a fetal blood-forming organ, revealed dramatic changes in the immune system by the intrauterine nutrition. This altered immune function may contribute to an increased risk for depression, and other mental disorders. The nutrition during the developmental period is an important issue considering indirect
mechanisms for mental disorders through the immune-nervous system network.
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LITHIUM PROTECTS AGAINST KETAMINE-INDUCED
DEVELOPMENTAL NEUROAPOPTOSIS BY
REGULATING GSK-3 ACTIVITY.

J. Liu, S. Soriano, C. Baek, X. Han and U. Athiraman. Aneasthesia, Harvard
Medical School, Boston, MA.
Prolonged exposure to ketamine results in accelerated neurodegeneration and longterm neurocognitive deficits postnatal 7 day (P7) rat pups. Lithium has been shown
to protect against ketamine-induced neuroapoptosis. Glycogen synthase kinase-3β
is a known target of lithium. Lithium has been shown to reduce GSK-3β activity by
mediating phosphorylation of an N-terminal serine, Ser9. Given these observations, we hypothesize that lithium protects against ketamine-neuroapoptosis by inactivation GSK-3β by Ser9 phosphorylation (p-GSK-3β). We characterized the effect of lithium on GSK-3β in a rodent model of ketamine-induced developmental
neuroapoptosis.
Material and Methods: With the approval of the Investigational Review Board and
adherence to the Guide for the Care and Use of Laboratory Animals SpragueDawley postnatal day 7 (P7) rat pups were utilized for the experiments. Each rat
pup received 5 intraperitoneal doses of either saline, or ketamine (20 mg/kg/dose)
at 90-minute intervals over 6 hours. A cohort received a single dose of lithium chloride (120 mg/kg) and subsequently similar regimen of saline or ketamine. After the
6 hour treatment period, the animals were deeply anesthetized with pentobarbital
(100 mg/kg, IP) and the brains were extracted and flash frozen in liquid nitrogen.
Total protein was extracted from the brain tissue and standard immunobloting
techniques were utilized to measure marker for apoptosis cleaved caspase-3, pGSK-3β and GSK-3β expression. The relative change from control was analyzed
one way analysis of variance followed by Newman-Keuls multiple comparison test
with significance set at p < 0.05.
Results and Conclusion: Ketamine increased cleaved caspase-3 expression.
However, pretreatment with lithium mitigated this apoptotic response. Lithium increased the p-GSK-3β / GSK-3β ratio, indicating a reduction in GSK-3β activity.
These findings suggest that lithium may protect against ketamine-induced developmental neuroapoptosis by regulating GSK-3β.
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INHALATIONAL ANESTHESIA-INDUCED NEURONAL
DAMAGE AND CHANGES OF GENE EXPRESSION IN
DEVELOPING RAT BRAIN.

F. Liu1, L. Guo1, J. Zhang1, S. Rainosek5, L. Shi1, T. A. Patterson1, Q. Li2, N.
Sadovova3, J. P. Hanig4, M. G. Paule1, W. Slikker1 and C. Wang1. 1National
Center for Toxicological Research/FDA, Jefferson, AR, 2UTSW Medical Center,
Dallas, TX, 3Toxicologic Pathology Associates, Jefferson, AR, 4Center for Drug
Evaluation and Research/FDA, Silver Spring, MD and 5University of Arkansas for
Medical Sciences, Little Rock, AR.
The current study investigated histological features and gene expression profiles in
response to a prolonged exposure to N2O or ISO alone, and their combination in
developing rat brains. Postnatal day 7 rats exposed to clinical relevant concentrations of N2O (70%), ISO (1.0%) or N2O plus ISO for 6 hours. The neurotoxic effects were evaluated and the brain tissues were harvested for RNA extraction 6
hours after anesthetic administration. The prolonged exposure to N2O + ISO produced elevated neuronal cell death as indicated by increased number of TUNELpositive cells in frontal cortical levels compared with control. No significant neurotoxic effects were observed in animals exposed to N2O or ISO alone. DNA
microarray analysis revealed changes of gene expression in response to N2O, ISO or
N2O + ISO exposure. Differentially expressed genes (DEGs) from N2O + ISO
group were significantly associated with 9 pathways and functions including molecular transport, neurological disease, cell death, free radical scavenging, nervous
system development and function, etc. Although morphologically no significant
neurotoxic effects were observed in animals exposed to N2O or ISO alone, their
gene expression profiles were remarkably different from those of control group.
These findings provide novel insights into the mechanisms by which N2O + ISO
cause neurotoxicity in developing brain, suggesting multiple factors have been involved in the effects (cascades) of N2O + ISO in inducing neuronal cell death.
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POTENTIAL ANESTHETIC-INDUCED NEURONAL
DAMAGE IN THE DEVELOPING RHESUS MONKEY.

C. Wang1, X. Zou1, F. Liu1, X. Zhang1, T. A. Patterson1, R. Callicott2, S. Liu1,
J. P. Hanig3, M. G. Paule1 and W. Slikker, 1. 1National Center for Toxicological
Research/FDA, Jefferson, AZ, 2Bionetics Corporation, Jefferson, AR and 3Center for
Drug Evaluation and Research/FDA, Jefferson, AR.
The combination of nitrous oxide gas (N2O) and isoflurane (ISO) vapor are commonly used in pediatric surgical procedures for infants and children to produce unconsciousness and analgesia. The present study was performed to determine
whether prolonged exposure of developing nonhuman primates to a clinically relevant combination of nitrous oxide and isoflurane produces neuronal damage.
Postnatal day (PND) 5-6 rhesus monkeys were exposed to N2O (70%) or ISO
(1.0%) alone, or N2O plus ISO for 8 h. Inhalation of the combination of 70%
N2O + 1% ISO produces a surgical plane of anesthesia. Six h after completion of
anesthetic administration the monkeys were examined for neurotoxic effects. No
significant neurotoxic effects were observed for the monkeys exposed to N2O or
ISO alone. However, neuronal damage was apparent when N2O was combined
with ISO as indicated by increased numbers of caspase-3-, Silver staining- and
Fluoro-Jade C-positive cells in the frontal cortex, temporal gyrus and hippocampus.
Electron micrographs indicated typical swelling of the cytoplasm and nuclear condensation in the frontal cortex. These data suggest that prolonged exposure to inhaled anesthetics (a combination of N2O and ISO) in the developing rhesus monkey results in neuronal damage, and that the cell death observed is apoptotic and
necrotic in nature.
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ASIAN GINSENG (PANAX GINSENG) PREVENTS
ETHANOL-INDUCED NEUROCRANIAL CARTILAGE
DEFORMITIES IN A FISH MODEL OF FETAL
ALCOHOL SPECTRUM DISORDER.

M. H. Haron1, 2, L. A. Walker1, 2, I. A. Khan1, 3 and A. K. Dasmahapatra1, 2.
1National Center for Natural Product Research, University of Mississippi, University,
MS, 2Department of Pharmacology, University of Mississippi, University, MS and
3Department of Pharmacognosy, University of Mississippi, University, MS.
Fetal Alcohol spectrum disorder (FASD) is an important clinical problem resulting
from prenatal alcohol exposure. It has serious central nervous system (CNS), cardiovascular, and craniofacial defects. Prevention of FASD, other than women abstaining from drinking alcohol during pregnancy, is not known. The synthetic
drugs recommended for the treatment of alcoholism cannot be used by women
during pregnancy which led us to investigate on natural products. Many herbs including Asian ginseng (Panax ginseng) have therapeutic potencies on alcoholism.
Recently, black ginseng (prepared from red ginseng) has been shown to inhibit
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ethanol-induced teratogenesis in mouse embryos in vitro. We therefore tested the
potency of Asian ginseng (PG) as an antialcoholic agent using medaka (Oryzias
latipes) as an animal model. Previously we have demonstrated that medaka embryos
exposed to ethanol developed microcephaly with neurocranial cartilage deformities
which are analogous to human FASD phenotypes. Moreover, chondrification in
many cartilages, especially in ethmoid plate (EP), trabecular cartilages (TC), and
polar cartilages were inhibited by ethanol. These inhibitions might be related to
cleft palate development, a birth defect observed in a few cases of human FASD
phenotypes. Further, we have observed that methanolic extracts of PG root can prevent some of these neurocranial deformities induced by ethanol in medaka. PG
consists of many ginsenosides including Re, Rg1, Rb1, Rc, Rb2 and Rg3 as
saponins. At present we are evaluating the effects of individual ginsenosides to find
the most effective and appropriate compound that can effectively prevent the neurocranial cartilage deformities induced by alcohol in medaka. This study will be
able to find an appropriate natural compound that can be used for preventing
FASD in human.

Hippocampus was examined for metabolic biomarkers of oxidative stress and antioxidant capacity. Unlike controls, mice exposed to TCE exhibited a significantly
higher percentage of oxidized glutathione associated with a decrease in the intracellular GSH redox status (GSH/GSSG). Neuronal GSH precursors were also altered
in TCE exposed mice. Consistent with impaired anti-oxidant capacity, 3-nitrotyrosine, a marker of oxidative stress, was also significantly increased with TCE exposure. This alteration in redox status was associated with behavioral alterations as
well as a significant decrease in neurotrophic factors thought to modulate inflammation and oxidative stress. The results suggest that the loss of GSH redox homeostasis and chronic oxidative stress in the brain may contribute to TCE neurotoxicity following low-level postnatal and early life exposure and may play a role in the
development of certain neurodevelopmental disorders.
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CHARACTERIZATION OF MOTOR ACTIVITY OVER
THE LIFESPAN IN SPRAGUE DAWLEY AND WISTAR
HAN RATS.

A. Zmarowski1, M. Beekhuijzen1, M. Teunissen1, A. Eapen2 and H. Emmen1.
1Toxicology, NOTOX B.V., ‘s-Hertogenbosch, Netherlands and 2Toxicology, WIL
Research, Ashland, OH.
Motor activity is an important endpoint in various toxicology studies. Central aims
of the present investigation were threefold: to assess the normal ontogeny of motor
activity, to induce behavioral alterations using the known positive controls chlorpromazine (CHLOR; 5 mg/kg) and Methylazoxymethanol (MAM; 20 mg/kg), and
lastly, to elucidate possible differences between the Wistar Han (WH) and Sprague
Dawley (SD) strains which are preferentially used in Europe and the US, respectively.
Three groups were used for each strain. F0-females received saline (Groups 1 and 3)
or MAM (Group 2) i.p. on gestation Day 15. Animals littered, and motor activity
of offspring were tested on postnatal Days (PNDs), 13, 17, 21 and 60. On days of
testing, animals were given saline (Groups 1 and 2) or CHLOR (Group 3) prior to
testing. Basic, fine and ambulatory movements were automatically quantified over
60-minute sessions.
Control animals had a normal activity profile, habituating over each test period,
and with the most activity at PND 60. CHLOR significantly attenuated activity
over all ages tested. Conversely, MAM treatment had differential effects on activity
depending on the age tested. Activity for MAM-treated animals was below controls
at PND 13. However, activity increased over each age, far surpassing controls at
PND 60. Finally, CHLOR and MAM treatments had similar effects in both
strains. This is particularly interesting since the same animals demonstrated clear
differences in MAM sensitivity in a learning and memory test where MAM was ineffectual for WH rats, but very effective for SD rats. The similarities in MAM response for both strains supports that differential sensitivity may be mediated by
neurobiological systems that were not actively recruited in this behavioral task.
Collectively these data demonstrate the sensitivity of the system to capture the ontogeny of normal motor activity over the lifespan, and further characterize potential
differences between the two rat strains most commonly used in Europe and the US.

F. K. Huynh, Y. E. Chung, N. Dekeyan, M. Ansari and A. F. Machado.
Department of Environmental and Occupational Health, California State University
California at Northridge, Northridge, CA. Sponsor: D. Hovland.
To test for additivity in the production of neural tube defects (NTDs) by multiple
environmental teratogens, the present study established threshold doses for several
known teratogenic metals/metalloids and then tested combinations of these compounds at supra- and subthreshold doses. We have previously shown in mice that
the splotch (Sp) mutation increases sensitivity to NTDs produced by arsenite
(As+3) and cadmium (Cd) -induced birth defects. This study examines gene-environment interactions in the production of NTDs by introducing the splotch allele
to observe changes in sensitivity to teratogenic agents. C57Bl/6J wildtype (+/+)
mice were mated with other wild types or with C57Bl/6J (Sp/+) in order to introduce the splotch allele. Animals were treated with teratogenic agents ip on gd 8.0.
Supra- and subthreshold doses were determined for arsenite (As+3) and cadmium
(Cd). Subthreshold doses did not cause NTDs, significantly reduce fetal weight or
significantly increase resorptions. Combination experiments were conducted with
supra- or subthreshold doses. The combination of As+3 and Cd was additive with
respect to the production of NTDs at both supra- and subthreshold doses.
Currently, studies are underway to evaluate the effect of the splotch mutation on
NTDs induced by combined subthreshold doses of As+3 and Cd. We have previously shown that As+3 and Cd exhibit the opposite strain sensitivity in C57Bl/6J
and SWV mice compared to other NTD-inducing agents. This finding, along with
the observation that some teratogens, but not others, display additivity, support the
hypothesis that, like strain sensitivity, additivity of teratogenic agents in the production of NTDs is mechanism dependent. Thus, while many subthreshold teratogens may not interact to exceed a threshold for the production of a congenital malformation, at least some do, and these merit further study as to mechanism of
action.

1936
1934

POSTNATAL TRICHLOROETHYLENE MODULATES
REDOX STATUS AND OXIDATIVE STRESS IN MOUSE
HIPPOCAMPUS.

S. Blossom1, S. Melnyk1, K. M. Gilbert2 and J. James1. 1Pediatrics, University of
Arkansas for Medical Sciences, Little Rock, AR and 2Microbiology and Immunology,
University of Arkansas for Medical Sciences, Little Rock, AR.
A significant proportion of the maternal and pediatric population is exposed to the
organic solvent trichloroethylene (TCE). The brain, among the best characterized
targets of TCE exposure, is immature at birth and highly vulnerable to environmental stress. However, the effects of TCE on developmental neural toxicity in specific brain regions have not been fully characterized. Glutathione (GSH) plays an
important role in the detoxification of reactive oxygen species in the brain.
Alterations in brain GSH metabolism mediated by xenobiotics might contribute to
oxidative stress implicated in the pathogenesis of neurologic disorders including
autism. Our goal was to study the impact of the postnatal TCE exposure “window”
in mice on mediators involved in oxidative stress and anti-oxidant capacity in the
hippocampus, a region of the brain that is abnormal in autism and is involved in
many important brain functions. Male offspring were exposed to TCE in the drinking water from postnatal day (PND) 0-42; birth until the juvenile period.
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SUBTHRESHOLD DOSES OF CADMIUM AND
ARSENITE COMBINE TO PRODUCE NEURAL TUBE
DEFECTS IN C57BL/6J MICE: IMPACT OF THE
SPLOTCH ALLELE.

MICRORNA EXPRESSION PROFILING AFTER
DEVELOPMENTAL EXPOSURE OF ZEBRAFISH DANIO
RERIO EMBRYOS TO VALPROIC ACID.

N. Aluru1, K. Deak1, 2, M. J. Jenny3 and M. E. Hahn1. 1Biology, Woods Hole
Oceanographic Institution, Woods Hole, MA, 2Northeastern University, Boston, MA
and 3Biology, University of Alabama, Tuscaloosa, AL.
Congenital malformations are a prevalent cause of infant mortality in the United
States and their induction has been linked to a variety of factors, including exposure
to teratogens. However, the molecular mechanisms of teratogenicity are not fully
understood. MicroRNAs are an important group of small, non-coding RNAs that
regulate mRNA expression. MicroRNA roles in early embryonic development are
well established, and their disruption during development can cause abnormalities.
We hypothesized that developmental exposure to teratogens such as valproic acid
alters microRNA expression profiles in developing embryos. Valproic acid is an anticonvulsant and mood-stabilizing drug used to treat epilepsy, bipolar disorder and
migraines. Zebrafish embryos were continuously exposed to valproic acid (1 mM)
or vehicle control (DMSO) starting from 4 hours post-fertilization (hpf ) and sampled at 48 and 96 hpf to determine the miRNA expression profiles prior to and
after the onset of phenotypic defects. At 96 hpf, 95% of the larvae showed skeletal
deformities, abnormal swimming behavior, and pericardial edema. Microarray expression profiling was done using Agilent zebrafish miRNA microarrays.
Microarray results revealed changes in miRNA expression at both the time points.

Thirteen miRNAs were differentially expressed at 48 hpf and 22 miRNAs were altered at 96 hpf. Among them, six miRNAs (miR-16a, 18c, 122, 132, 457b, and
724) were common to both time points. Bioinformatic target prediction revealed
that these miRNAs target several genes involved in neurotransmitter synthesis and
secretion, histone modifications and liver carcinogenesis. In conclusion, these results suggest that the teratogenic effects of valproic acid could be partly due to altered miRNA expression. [Supported by NIH R21ES017304 and the WHOI summer fellow program]

1937

ETHANOL METABOLIC TERATOGENICITY IN THE
GUINEA PIG AND EFFECTS OF VOLUNTARY
EXERCISE.

C. Dobson1, D. Mongillo1, M. Poklewska-Koziell1, A. Winterborn3, R.
Stepita4, A. C. Holloway4, J. F. Brien1, 2 and J. N. Reynolds1, 2. 1Department of
Biomedical and Molecular Sciences, Queen’s University, Kingston, ON, Canada,
2Centre for Neuroscience Studies, Queen’s University, Kingston, ON, Canada, 3Office
of the University Veterinarian, Queen’s University, Kingston, ON, Canada and
4Department of Obstetrics and Gynecology, McMaster University, Hamilton, ON,
Canada. Sponsor: L. Winn.
Maternal ethanol consumption during pregnancy can produce teratogenicity in offspring, collectively termed fetal alcohol spectrum disorders (FASD). Ethanol can
produce metabolic teratogenicity, including insulin resistance and impaired glucose
metabolism. Voluntary exercise (VE) has metabolic benefits, including reversing insulin resistance and improving glycemic control. This study tested the hypothesis
that VE mitigates ethanol metabolic teratogenicity in the guinea pig. Pregnant
Dunkin-Hartley-strain guinea pigs received ethanol (4 g/kg maternal body
weight/day throughout gestation) or isocaloric-sucrose/pair-feeding (nutritional
control). On postnatal day (PD) 21, offspring were randomly assigned to VE or no
intervention. VE animals were placed in a dry-land maze for 30 min daily for 21
days (PD 24-44). Body weight was measured from birth until euthanasia. Fasting
blood glucose concentration was measured prior to euthanasia at PD 150-200,
when liver and pancreas were collected. Chronic prenatal ethanol exposure (CPEE),
compared with nutritional control, produced growth restriction at birth. Female
CPEE offspring had accelerated weight gain in puberty (PD 60-90) leading to increased body weight compared with female nutritional control offspring. This
weight gain was mitigated by VE. CPEE offspring demonstrated dysregulated fasting blood glucose concentrations and increased liver weight at PD 150-200. CPEE
animals had increased intralobular fat and structural abnormalities in pancreatic
islets. These effects were not mitigated by VE. The data demonstrate that this
chronic maternal ethanol regimen produces metabolic teratogenicity in the guinea
pig, and that VE mitigates CPEE-induced weight gain in female offspring.
Supported by CIHR MOP84553 & ELA80227.

1938

cating penetration through the pleura. Atypical mesothelial cells were also observed
with severe pleural proliferation, but malignant mesothelioma could not be seen.
Additionally, TISMO was detected in the liver and kidneys histopathologically and
by scanning electron microscope (SEM), despite of infused into the thoracic cavity.
In conclusion, the experiments demonstrated TISMO infused into the thoracic
cavity of A/J mice was unable to be confirmed to induce malignant mesothelioma,
meanwhile, the hazard risk was suggested the fibers spread to the whole body from
respiratory system.

1939

R. G. Ellis-Hutchings1, R. S. Settivari1, A. T. McCoy1, N. C. Kleinstreuer2, V.
A. Marshall1, T. B. Knudsen2 and E. W. Carney1. 1TERC, The Dow Chemical
Company, Midland, MI and 2NCCT, US EPA, Research Triangle Park, NC.
Chemical perturbation of vascular development is a putative toxicity pathway
which may result in developmental toxicity. EPA’s high-throughput screening
(HTS) ToxCast program contains assays which measure cellular signals and biological processes critical for blood vessel development. By testing the Phase-1 ToxCast
chemicals in these assays, and comparing the results to prenatal DT study summary
information derived from ToxRefDB, a vascular disruption signature was identified. This signature was correctly observed when the antiangiogenic thalidomide
analogue, 5HPP-33, was tested in a ToxCast assay subset. There is utility in using
targeted in vitro functional assays to explore the potential consequences of chemicals that test positive in the ToxCast program, both for chemicals without DT data
(5HPP-33) or as an intermediate tier for DT data comparisons. Therefore, 5HPP33 was tested in rat whole embryo culture (WEC) and in vitro rat aortic explant
(AE) cultures. Mid-somite stage rat embryos were cultured in media containing 0,
1.6, 5, 15, 30 or 46 uM 5HPP-33 for 48 h followed by evaluation for developmental defects. To further confirm the direct effects of 5HPP-33 on angiogenesis, rat
AE were cultured in media containing 0, 0.46, 4.6, 46, 93, or 247 uM 5HPP-33
for four days and the resulting inhibition of microvessel outgrowth was evaluated.
In WEC, 5HPP-33 caused developmental defects and embryolethality at ≥ 15 uM.
Consistent with an antiangiogenic mode of action in embryos, 5HPP-33 inhibited
microvessel outgrowth in cultured AEs at ≥ 0.46 uM and completely abolished vessel outgrowth at 46 uM with a cell morphology similar to the outcome of cell-agent
based in silico models informed by ToxCast data. Data from these targeted functional assays correlated with the in vitro HTS assay data for this vascular disrupting
compound. This abstract does not necessarily reflect US EPA policy.

1940
TOXICITY AND MESOTHELIAL CELL REACTIONS
INDUCED BY POTASSIUM OCTATITANATE FIBERS
(TISMO) INTRODUCED INTO THE LEFT THORACIC
CAVITY IN A/J FEMALE MICE.

APPLICATION OF TARGETED FUNCTIONAL ASSAYS
TO ASSESS A PUTATIVE VASCULAR DISRUPTION
DEVELOPMENTAL TOXICITY PATHWAY INFORMED
BY TOXCAST HIGH-THROUGHPUT SCREENING
DATA.

METHANOL EMBRYOPATHIES IN MOUSE EMBRYO
CULTURE FOLLOWING PRETREATMENT WITH A
FREE RADICAL SPIN-TRAPPING AGENT AND
INHIBITORS OF PROSTAGLANDIN H SYNTHASE AND
NADPH OXIDASES.

S. Kishi, M. Yokohira, N. Hashimoto, Y. Nakano, K. Yamakawa, T. Inoue and
K. Imaida. Onco-Pathology, Kagawa University, Faculty of Medicine, Kita-gun,
Kagawa, Japan.

L. Miller1 and P. G. Wells1, 2. 1Pharmacology & Toxicology, University of Toronto,
Toronto, ON, Canada and 2Pharmaceutical Sciences, University of Toronto, Toronto,
ON, Canada.

It is crucial to develop therapeutic approaches for malignant mesothelioma, as well
as to obtain information involving the possible mechanism involved in the development of mesothelioma.
Thoracotomy was performed to infuse test particles directly into the thoracic cavity
of A/J mice (Experiment 1). Potassium octatitanate fibers, trade name TISMO, and
the chemical formula K2OnTiO2, were supplied by Otsuka Chemical Co., Ltd.
(Osaka, Japan) with dimensions mostly <50μm in length and <2μm. Fiber-shaped
particles of TISMO and granular-shaped micro- and nano-size order particles of titanium dioxide (TiO2) were employed (1.5 mg in 0.2 ml saline/mouse). The experiment was terminated after 21 weeks to assess responses. Only the fiber-shaped
TISMO, morphologically similar to asbestos, induced a severe reac¬tion of the
pleura. Following Berlin blue staining, positive spots were observed around the
TISMO, indicative of iron. These positive spots corresponded with mesothelial
cells. The results indicate that the risk of mesothelial cell reaction does not depend
on particle size, but may depend on shape. The next experiment for 52 weeks was
employed (Experiment 2) to examine the long-term effects and weather inducing
malignant mesothelioma or not by TISMO infused into the thoracic cavity of A/J
mice. This experiment showed there were several TISMO fibers in the alveoli, indi-

Methanol (MeOH) teratogenicity in rodents may be mediated in part by reactive
oxygen species (ROS), the source of which is unknown. This question was addressed in mouse whole embryo culture to remove confounding maternal factors,
including metabolism of MeOH by maternal catalase. CD-1 mouse embryos were
explanted on gestational day (GD) 8.5 (plug = GD 0), exposed for 24 hr to 4 or 6
mg/mL (124 or 187 mM) MeOH or vehicle with or without pretreatment with the
free radical spin trap phenylbutylnitrone (PBN) (0.125-0.22 mM) or the NADPH
oxidase (NOX) inhibitor diphenyleneiodonium chloride (DPI) (0.5-6 μM), or cotreatment with the prostaglandin H synthase (PHS) inhibitor eicosatetraynoic acid
(ETYA) (40 μM), and evaluated for functional and morphological changes.
Vehicle-exposed embryos developed normally, whereas MeOH was embryopathic,
causing concentration-dependent decreases in anterior neuropore closure (ANC) (p
< 0.001), somite development (p < 0.01), turning (p < 0.001) and head length (p <
0.01), while increasing heart rate (p < 0.001), yolk sac diameter (p < 0.05) and embryonic lethality (p < 0.05), the latter in a concentration-dependent fashion. PBN
pretreatment protected against MeOH-initiated reductions in ANC (p < 0.01),
turning (p < 0.05), somite development (p < 0.01) and head length (p < 0.05) at
the lower MeOH concentration, and protected somite development (p < 0.01) at
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the higher MeOH concentration. DPI pretreatment protected against MeOH-initiated reductions in ANC (p < 0.01), somite development (p< 0.001) and head
length (p < 0.001), with a trend for turning. Co-treatment with ETYA did not protect against any MeOH-initiated embryopathies, although it did block embryopathies caused by phenytoin, a positive control. These results suggest that embryonic NOX-derived ROS formation, but not PHS-catalyzed bioactivation, may be
involved in the mechanism of methanol embryopathies. (Support: CIHR,
Methanol Foundation)
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POSTNATAL OZONE EXPOSURE ALTERS SEROTONIN,
SEROTONIN RECEPTORS, AND SEROTONIN
TRANSPORTER BY AIRWAY LEVEL.

S. R. Murphy1, D. Hyde2, E. Schelegle2 and L. Van Winkle1. 1Center for Health
& Environment, University of California Davis, Davis, CA and 2CNPRC, University
of California Davis, Davis, CA.
Ozone is a highly pervasive environmental pollutant that threatens the health of
children, a sensitive subpopulation. Recent studies have found that this may be mediated by disrupted airway growth and innervation. We hypothesized that exposure
to ozone alters the normal expression of serotonin, its transporter and two key receptors (2A and 4) involved in nerve activation in postnatal airway lung development. To test this hypothesis, we exposed infant Rhesus monkeys to acute or
episodic ozone during either the first 2 or 6 months of life. There were 3 exposure
groups: 1) filtered air (FA), 2) acute ozone challenge (AO), 3) episodic ozone+acute
ozone challenge (EAO) and 2 ages: 2mo and 6mo. Lungs were prepared for lung
compartment specific qRT-PCR of midlevel and distal airways and airway levelspecific immunohistochemistry. Serotonin protein expression was increased in the
airway epithelia of all exposure groups with the most prominent increase in distal
airways at 2mo and midlevel airways at 6mo. There were no changes in receptor 4
expression with respect to age, airway level or exposure. Gene expression of receptor
2A and 5HTT transporter increased in an age dependent manner with greater expression in distal compared to midlevel airways. At 2mo, 5HTT gene expression
decreased in the AO group but increased in the EAO group (1-2 fold). At 6mo,
both the AO and EAO had increased 5HTT gene expression in midlevel airways
but the EAO group had decreased 5HTT in distal airways (1-2 fold). Ozone targets
the serotonergic pathways in both midlevel and distal airways but age and history of
exposure dictate the direction and airway level of the response. We conclude 1) that
ozone exposure potentiates serotonin expression in the airway epithelium 2) serotonin receptor 2A expression is affected by ozone exposure and age but serotonin
receptor 4 expression is not, and 3) ozone exposure generates deviation from the
normal course of development with respect to serotonin and 5HTT. Support:
ES000628,RR000169,FP917122
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COMPARATIVE EXPRESSION ANALYSIS OF
MEMBRANE TRANSPORTERS AND METABOLISING
ENZYMES IN THE RAT AND HUMAN PLACENTA
DURING GESTATION.

J. Wright1, L. Taylor2, J. Penny2 and P. Mistry1. 1Syngenta, Bracknell, United
Kingdom and 2University of Manchester, Manchester, United Kingdom. Sponsor: R.
Peffer.
The placenta protects the developing foetus from xenobiotics through a variety of
transporter proteins and metabolising enzymes. The aim of this study was to study
the expression pattern of membrane transporters and metabolising enzymes present
in the rat and human placenta during gestation. Rat placental RNA samples were
obtained from time mated female rats (gestation day (GD) 6 – 21) and analysed
using Affymetrix microarray and ArrayTrackTM. Rat mRNA expression data was
compared to human placental data (Mikheev et al. 2008) archived in the Gene
Expression Omnibus database. Rat abcb1 (p-glycoprotein) expression significantly
increased throughout gestation, Western blotting and immunohistochemistry supported this change (Stratton et al. 2007). In humans, ABCB1 mRNA expression
was consistent throughout gestation (and relatively low when directly compared to
the rat). Further temporal differences between rat and human transporter mRNA
and protein expression during gestation were observed for ABCG2 (breast cancer
resistance protein), ABCC1 and ABCC2 (multidrug resistance associated proteins
1 and 2) and SLCO4a1 (organic anion transporter 4a1). Species differences in
metabolising enzyme mRNA were also observed, notably the two most abundant
cytochrome P450 enzymes (cyp) in rat (GD14-21) were cyp11a1 and cyp17a1 (important in the conversion of cholesterol to pregnenolone and pregnenolone to
DHEA, respectively), whilst in humans the most abundant cyps were CYP11A1
and CYP19A1 (again, involved in the conversion of cholesterol to pregnenolone
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and oestrogen biosynthesis respectively). Overall, these results highlight potential
differences in barrier properties between the rat and human placenta. These data
contribute to our understanding of the rat developmental toxicity model used for
human risk assessment and will support future studies developing surrogate in vitro
systems.
Mikheev, AM., et al. (2008). Reprod Sci 15(9): 866-77.
Stratton, R. et al. (2007). Annual Path Soc meeting (poster).
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PHASE II METABOLISM IN MICE DURING
PREGNANCY: SHIFT FROM GLUCURONIDATION AND
GLUTATHIONE CONJUGATION TO SULFATION.

X. Wen1, P. E. Thomas2 and L. M. Aleksunes1. 1Pharmacology and Toxicology,
Rutgers University, Piscataway, NJ and 2Chemical Biology, Rutgers University,
Piscataway, NJ.
Phase II enzymes, including Ugts (UDP-glucuronosyltransferases), Sults
(Sulfotransferases) and Gsts (glutathione S-transferases), are critical for the disposition and detoxification of various endo- and xenobiotics. In this study, the mRNA
and protein expression of the major hepatic Phase II enzymes as well as key regulatory transcription factors were quantified in time-matched pregnant and (nonpregnant) virgin control C57BL/6 mice on gestational days (GD) 7, 11, 14, 17,
and postnatal days (PND) 1, 15, and 30. Compared to virgin controls, the mRNA
expression of Ugt1a1, 1a6, 1a9, 2a3 and 2b34 was decreased 40 to 60% in pregnant dams. Protein expression of Ugt1a1, 1a6, and 1a9 also decreased between
GD14 and 17, with marked down-regulation of Ugt1a6. Similar to Ugts, levels of
Gsta1, a4 and p1 mRNA were reduced in pregnant dams in mid- to late-gestation.
Conversely, the mRNA expression of Sult1a1, 2a1/2, 3a1 was induced 1- to 5-fold
during pregnancy and lactation. A corresponding increase in sulfation of the probe
drug, acetaminophen, was observed in S9 fractions from livers of pregnant mice.
Expression of Phase II enzymes is cross-regulated by a group of ligand-activated
transcription factors including aryl hydrocarbon receptor (AhR), constitutive androstane receptor (CAR), peroxisome proliferator-activated receptor alpha
(PPARα), pregnane X receptor (PXR) and nuclear factor e2-related factor 2 (Nrf2).
Coinciding with maximal decreases in Ugts and Gsts, the mRNA and protein expression of CAR, PPARα, and PXR and their target genes were down-regulated between GD14 and 17. Collectively, these data demonstrate a shift from glucuronidation and glutathione conjugation to sulfation in mice during pregnancy
that is likely a result of reduced CAR, PPARα, and PXR signaling. These changes
in Phase II metabolism may alter chemical disposition and increase the likelihood
of fetal drug exposure during pregnancy (Supported by DK-080774, ES-020522,
ES-005022).
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CHARACTERIZATION OF MATERNO-FETAL
ANTIBODY TRANSFER USING FLUORESCENTLY
LABELED AVASTIN IN PREGNANT RATS.

M. Thorn, S. Davenport, W. Nowland and C. J. Bowman. Pfizer, Inc., Groton,
CT.
A growing emphasis on antibody-based biopharmaceuticals across therapeutic areas
makes it increasingly likely that these molecules will be prescribed to pregnant
women. Therefore it is important to appropriately characterize any risk during
pregnancy because antibody-based biopharmaceuticals can actively cross the placenta via the Fc-portion on the molecule. Across species, it is not clear when during
gestation antibody-based biopharmaceuticals can cross the placenta; particularly
the relative amounts during organogenesis. Depending on the extent and timing of
exposure there can be a potentially negative impact on embryo-fetal development.
Despite some anatomical differences compared to primates, the pregnant rat may
be a convenient model to investigate placental transfer of antibody-based biopharmaceuticals if it was better characterized. Therefore, the relative embryo-fetal
biodistribution of an antibody-based biopharmaceutical was evaluated in the rat.
Avastin was chosen as the test antibody since it does not appear to have significant
target binding/target-mediated distribution in the rat that might affect embryofetal biodistribution. Avastin was labeled with a fluorescent dye, characterized, and
injected into pregnant rats at different gestation ages. Labeled Avastin in tissues was
visualized ex vivo using a Caliper IVIS 200 imager. Avastin localized to the fetus as
early as 24 hours post intravenous injection, and was taken up by the fetus in a dose
dependent manner. The relative amount of Avastin in both placental and embryofetal tissue increased between gestation day 15 and 21 one day following maternal
intravenous injection. In contrast only the embryonic yolk sac, but not embryo
proper, had detectable Avastin 24 hours following maternal injection on GD 10

suggesting that earlier in rat gestation the embryo may not be exposed to the
Avastin antibody. These imaging experiments indicate that Avastin is detectable in
the developing embryo as early as GD 15 (toward the end of organogenesis), but
not as early as GD 11.
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US EPA BIOFUELS RESEARCH: EFFECTS OF INHALED
ETHANOL ON CORTICAL FUNCTIONS IN THE
OFFSPRING OF RATS EXPOSED DURING GESTATION.

W. M. Oshiro, V. C. Moser, K. L. McDaniel, T. E. Beasley and P. J. Bushnell.
National Health Effects and Environmental Research Laboratory, Office of Research
and Development, US EPA, Research Triangle Park, NC.
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MICROPET/CT IMAGING OF [18F]-FEPPA IN THE
NONHUMAN PRIMATE: A POTENTIAL BIOMARKER
OF PATHOGENIC PROCESSES ASSOCIATED WITH
ANESTHETIC-INDUCED NEUROTOXICITY.

M. G. Paule1, Z. Zhang1, G. D. Newport1, F. Liu1, R. Callicott1, S. Liu1, M.
S. Berridge2, S. M. Apana2, W. Slikker1 and C. Wang1. 1Division of
Neurotoxicology, National Center for Toxicological Research, Jefferson, AR and 23D
Imaging, LLC, Little Rock, AR.
Nitrous oxide (N2O) and isoflurane (ISO) are anesthetics commonly used in the
pediatric setting. It is known that developmental exposures to a variety of anesthetics can cause abnormal neuronal cell death in rodent and monkey models. Here,
the effects of clinically-relevant concentrations of N2O and ISO were examined in
a nonhuman primate model that closely mimics developing human infants. Injury
to the central nervous system is often accompanied by activation of microglia at the
site of injury and the peripheral benzodiazepine receptor (PBR), a marker of activated microglia, has been reported to be a sensitive biomarker of neuroinflammation. Here, we sought to monitor the suspected inflammation induced by the
N2O/ISO combination using a novel PET tracer for the PBR, [18F]-FEPPA. On
postnatal day 5 or 6, rhesus monkeys were exposed to 70% N2O, 29% oxygen and
1% ISO for 8 hours (n=4): control monkeys received room air only (n=4). One day,
one week and three weeks later [18F]-FEPPA was injected intravenously and
microPET/CT images were obtained over the next 2 hr. The radiotracer quickly
distributed into the brains of all animals. One day after the N2O/ISO exposure the
uptake of [18F]-FEPPA was significantly increased in the Temporal Lobe (TL) of
treated monkeys. A week later, uptake was significantly increased in the Frontal
Cortex of treated animals but not in the TL. No significant differences between
control and treated animals were seen at 3 weeks. This preliminary study demonstrated preferential uptake of a PBR ligand in the FC and TL of young animals exposed to N2O plus ISO, suggesting microglial activation lasting up to one week in
those areas. [18-F]-FEPPA may serve as a translational biomarker of CNS inflammation.
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EFFECTS OF INHALED ETHANOL ON
DEVELOPMENTAL OUTCOMES IN RATS.

P. J. Bushnell, T. E. Beasley, C. B. Copeland, P. A. Evansky, R. W. Luebke, S.
A. Martin, K. L. McDaniel, V. C. Moser, J. Norwood and J. M. Rogers.
NHEERL, ORD, US EPA, Research Triangle Park, NC.
Use of biofuels is increasing in the US automotive fleet. The primary alternative to
petroleum fuels is ethanol, and the health risk associated with more than 10%
ethanol in gasoline is uncertain. To address this uncertainty, we are assessing the effects of prenatal exposure to inhaled vapors of gasoline-ethanol blends. In this
study, pregnant Long-Evans rats were exposed to vapors of ethanol (0, 5K, 10K and
21K ppm), 6 hr/day, on days 9–20 of gestation. Modeled blood ethanol concentrations in the 3 exposed groups at the end of a 6-hr exposure were 3, 8 and 195
mg/dL respectively. We focus here on behavioral (n=10/sex/grp), physiological
(n=8/sex/grp) and immunological (n=5 or 6/sex/grp) evaluations of their offspring.
No overt maternal toxicity was observed. No changes in litter size or weight, number, or weight gain of the pups were found. Motor activity (MA) was normal on
postnatal days (PNDs) 13, 17, and 21. On PND29 and 62, offspring were evaluated with functional observational battery (FOB) and MA tests. Ethanol treatment
altered the activity, neuromuscular, and sensorimotor domains of the FOB. We observed increased activity on PND62, reduced hind-limb grip strength in males on
both days, and a trend towards increased sensory responsiveness in males on
PND29. Not all effects were monotonically dose-related. Blood pressure (BP) and
clinical chemistry were assessed on PNDs 90, 120, 150, and 180. BP was elevated
in all treated males relative to controls at PND90. Smaller, non-significant increases
were observed in all treated females at that age. No differences in body weight,
heme status, lipoprotein profile, liver function, or urinalysis were observed at any
age. Maternal exposure to ethanol did not affect cell-mediated (delayed-typed hypersensitivity) or humoral (primary antibody response) immunity in offspring of either sex at 6 or 10 weeks of age. Thus, even at very high exposure levels, prenatal exposure to inhaled ethanol affected some behavioral measures but little else. This
abstract does not reflect EPA policy.

Due to the increased interest in ethanol blends as an alternative fuel source, there is
a need to assess their possible health risks to sensitive populations. Specifically,
ethanol is known to alter cortical functions such as attention, processing speed,
movement, working memory, and response inhibition in the offspring of mothers
consuming even moderate amounts of ethanol during gestation. Thus, dose-effect
relationships are being assessed in the offspring of dams exposed to a range of gasoline-ethanol blend ratios. Beginning with ethanol alone we exposed 72 pregnant
dams to inhaled ethanol at concentrations of 0, 5K, 10K, or 21K ppm for 6 h/day
from gestational day 9-20. Adult offspring (n=10/sex/group) received place training
in the Morris water maze beginning on postnatal day (PND)76, and thereafter were
tested using a matching-to-place paradigm in which the platform was moved to a
different location each day. There were no significant differences in improvements
in latency across each daily pair of trials. Treated rats showed a slightly slower swim
speed and differences in spatial search strategy; however, these effects varied by sex
and across days and were mostly obtained in the lower dose groups. Beginning on
PND90 another set of male offspring (n=8/group) were trained to perform a choice
reaction time (CRT) task. Preliminary results show no group differences on accuracy or movement times; however, a transient increase in decision time in the 5K
and 10K ppm groups, and an increase in early nose removals, a measure of impulsivity, was observed during CRT performance in the 21K ppm group. These effects
are consistent with effects of prenatal oral ethanol exposure in animals and humans
on attention and impulsivity, but not on working memory. These findings suggest
that inhalation of ethanol during pregnancy may impact some cortically-mediated
behaviors in the offspring. This abstract does not reflect US EPA policy.
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EFFECTS OF GESTATIONAL ETHANOL INHALATION
ON HIPPOCAMPAL FUNCTION IN RATS.

T. E. Beasley, K. L. McDaniel, V. C. Moser, M. M. Taylor, M. E. Gilbert and P.
J. Bushnell. Toxicology Assessment Division, US EPA, Research Triangle Park, NC.
Recent legislation has increased national emphasis on the development of renewable fuels as alternatives to petroleum fuels. The toxicity of gasoline-ethanol
blended fuels to the developing nervous system is of specific concern. The hippocampus, a brain region involved in spatial learning and memory, appears to be
particularly susceptible to prenatal ethanol exposure. To investigate effects on these
functions, pregnant Long-Evans rats were exposed to ethanol vapors (0, 5K, 10K
and 21K ppm), 6 hr/day, on gestation days 9 through 20. Male and female offspring (n=10/sex/group) were trained in the Morris water maze starting on postnatal day (PND) 76. Overall, acquisition of the task (finding a platform in a fixed location) was not affected by ethanol. During the memory probe (platform removed),
females in the 5K ppm group showed no spatial bias, compared to the others who
spent significantly more time in the correct quadrant. There were no differences in
latency to find a visible platform. A second set of male and female offspring
(n=8/sex/group) was trained on a delayed spatial alternation task (DSA) beginning
on PND71. There were no effects of ethanol on acquisition of cued or non-cued alternation tasks. Females made fewer errors than the males at each delay of the DSA
(0,3,6,12,18 s); however, no significant differences were observed between exposure
groups. Finally, a third group of male and female offspring (n=16/sex/group) was
assessed using a fear conditioning task. Female but not male ethanol-treated rats
showed a statistically significant suppression of activity under the cue condition
suggesting impaired learning of the cue; this effect was similar across dose groups. A
similar but non-significant gender-specific trend was also seen in context learning.
In contrast to published literature on oral ethanol, these data show only minimal effects on hippocampal functional measures in offspring of rats that inhaled ethanol
during pregnancy. This abstract does not reflect EPA policy.

1949

EFFECTS OF GESTATIONAL ETHANOL INHALATION
ON SENSORY FUNCTION IN RATS.

D. W. Herr1, D. F. Lyke1, L. L. Degn1, T. E. Beasley1, P. A. Evansky2, S. A.
Martin1, S. Karafas1, W. K. Boyes1 and P. J. Bushnell1. 1TAD/NB, US EPA,
Durham, NC and 2EPHD/ITFB, US EPA, Durham, NC.
Ethanol-blended gasoline entered the market in response to demand for domestic
renewable energy sources, which may result in exposure to ethanol vapors in combination with other volatile gasoline constituents. To begin an assessment of the
risks of exposure to this mixture, we evaluated effects on the developing nervous
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system from exposure to ethanol vapors before examining gasoline mixtures.
Because sensory dysfunction is reported after developmental exposure to ethanol,
we assessed neurophysiological measures of sensory functions as a component of a
larger project involving developmental toxicity. Pregnant Long-Evans rats were exposed to 0, 5K, 10K, or 21K ppm ethanol vapors for 6 h/day over GD9 – GD20.
Sensory evaluations of male offspring began around PND106. Peripheral nerve
function (compound action potentials, NCV), somatosensory (cortical and cerebellar evoked potentials), auditory (brainstem auditory evoked responses), and visual
evoked responses were assessed. Visual function assessment included pattern
elicited visual evoked potentials (VEP), VEP contrast sensitivity, and electroretinograms recorded from dark-adapted (scotopic) and light-adapted (photopic) flashes,
and UV and green flicker. No consistent dose-related changes were observed for any
of the physiological measures. All physiological responses had alterations related to
stimulation intensity, and provided an estimate of detectable levels of change. The
results show that gestational exposure to ethanol exposure did not result in large
decrements in peripheral nerve, somatosensory, auditory, or visual function when
the offspring were assessed as adults. Follow-up studies are planned to evaluate the
effects of exposure to evaporative condensates from gasoline and ethanol-blended
gasoline. This is an abstract of a proposed presentation and does not necessarily reflect
EPA policy.

1950

US EPA BIOFUELS RESEARCH: BIOFUEL VAPOR
GENERATION AND MONITORING METHODS.

P. Evansky1, S. A. Martin2, P. J. Bushnell2, T. E. Beasley2, M. A. Higuchi1 and
Q. Krantz1. 1Environmental Public Health Division Branch, US EPA, Research
Triangle Park, NC and 2Toxicity Assessment Division, US EPA, Research Triangle
Park, NC.
The interest in renewable fuels and alternative energy sources has stimulated development of alternatives to traditional petroleum-based fuels. The US EPA’s Office of
Transportation Air Quality (OTAQ) requires information regarding the potential
health hazards of these fuels regarding exposure to both evaporative emissions and
to exhaust gases produced by their combustion. One particular concern is the potential for developmental neurotoxicity of evaporative emissions, given the known
sensitivity of the developing nervous system to ethanol ingestion and solvent inhalation. The Inhalation Toxicology Facilities Branch (ITFB) developed novel inhalation exposure systems (vapor condensate generation and monitoring methods)
to enable conduct of studies on pharmacokinetics and health outcomes of evaporative emission exposures. Initially we generated ethanol vapor condensates at stable
atmospheres of 5K, 10K, and 21K ppm using dynamic countercurrent evaporation
in both nose-only and whole-body exposure chambers. Then we generated stable
atmospheres of vapor condensates manufactured from gasolines made to specifications from bio-fuel blends containing 0, 15%, and 85% fuel grade ethanol. Several
monitoring methods were employed: real time analysis of the chamber was performed using Fourier Transforming Infrared Spectroscopy to check composition
and concentration, chamber composition was verified using GC/FID analysis of
grab samples, and dispersive infrared to verify concentrations. The composition of
the vapor condensates was stable over time (percent difference < 2% vs. liquid
vapor condensate) and provided a sufficient exposure scenario for pharmacokinetic
and health outcome experiments. Abstract does not reflect US EPA policy.

1951

MECHANISMS OF BUTANOL-INDUCED
DEVELOPMENTAL NEUROTOXICITY.

A. S. Bale1 and J. S. Lee2. 1National Center for Environmental Assessment, US EPA,
Washington, DC and 2National Center for Environmental Assessment, US EPA,
Research Triangle Park, NC.
Butanols exhibit neurotoxic and potentially developmental neurotoxic effects. As
part of evaluating the butanols in support of EPA’s Integrated Risk Information
System (IRIS) Program, the literature on the mechanisms for neurotoxicity was reviewed. Studies with butanols have resulted in mixed findings with respect to developmental neurotoxicity (e.g. n-butanol) or relevant information is unavailable.
In one study (Sitarek et al., 1994), it was observed that rat pups exposed to n-butanol during gestation had increased incidences of dilation of the subarachnoid
space and the third lateral ventricle in the brain. It is widely known that alcohols,
including butanols, interact with several ion channels and modulate the function of
these targets both under acute and chronic exposures. In addition, butanols (including n- and t-butanol) inhibited fetal rat brain astroglial cell proliferation
(Kotter et al., 2000; Kotter and Klein, 1999) more potently than ethanol. Pups exposed to n-butanol in utero were also reported to have significant increases in brain
levels of dopamine and serotonin. t-Butanol was reported to inhibit muscarinic receptor-stimulated phosphoinositide metabolism which has been hypothesized to be
a possible target for the neurotoxic effects of ethanol during brain development
(Candura et al., 1991). The limited mechanistic data for the butanols support de-
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velopmental neurotoxicity that has been observed in some of the studies and also
suggest that butanols may be more potent than ethanol in producing developmental neurotoxicity. However, careful studies evaluating the neurobehavior of developing pups in sensitive strains, as well as characterizing the plausible mechanisms involved, need to be conducted in order to further elucidate the neurodevelopmental
effects with butanols for risk assessment purposes. (Disclaimer: The views expressed
are those of the authors and do not necessarily represent the views or policies of the
US EPA.)

1952

A SINGLE NEONATAL EXPOSURE TO BISPHENOL A
CAUSES ADULT BEHAVIORAL DISTURBANCES IN
MALE AND FEMALE MICE.

H. Viberg, A. Fredriksson, S. Buratovic and P. Eriksson. Environmental
Toxicology, Uppsala University, Uppsala, Sweden.
Bisphenol A is widely used in polymer products in food and beverage packaging,
baby bottles, dental sealants and fillings, adhesives, protective coatings, flame retardants, water supply pipes, and compact discs, and is found in the environment and
in placental tissue, fetuses and breast milk. In recent years this chemical has caused
great debate in the scientific and risk assessment communities. We have recently reported that neonatal exposure to other persistent organic pollutants can induce persistent aberrations in spontaneous behavior and also affect learning and memory
functions in the adult animal. Furthermore, several reports indicate that pre- and
perinatal exposure to Bisphenol A can induce neurotoxic effects. In the present
study we have exposed male and female mouse pups to a single dose of Bisphenol A
(0.32-4.8 mg/kg bw) during the defined critical period of brain development, on
postnatal day 10. At two months of age male mice showed an altered spontaneous
behavior in a novel home environment, affecting cognitive function. Furthermore,
these functional behavioral effects were dose-response dependent and long-lasting
or irreversible since they were once again seen at 5 month of age. Spontaneous behavior in a novel home environment was also altered in adult female mice at 5
months of age. Earlier studies on neonatal exposure to persistent organic pollutants
(POPs) in our animal model have shown the cholinergic system to be a target of
neurotoxicity, but in the present study only minor effects on the nicotine-induced
behavior was seen in male and female mice. Spatial learning and anxiety-like behaviors were not affected in Morris swim-maze and the elevated plus-maze, in adult
male mice. The present findings show similarities with effects earlier reported after
continuous pre- and perinatal exposure to Bisphenol A, and also with effects seen
after a single postnatal exposure to other POPs, such as PBDEs, PCBs and PFCs.

1953

A SINGLE NEONATAL EXPOSURE TO BISPHENOL A
ALTERS THE LEVELS OF IMPORTANT
NEUROPROTEINS IN MICE.

I. Lee, P. Eriksson and H. Viberg. Environmental Toxicology, Uppsala University,
Uppsala, Sweden.
Bisphenol A (BPA) is an industrial chemical commonly used in the production of
plastics and resins for baby bottles, food and beverage containers, protective coatings, digital and electronic materials. It is widely found in the environment as well
as in human placental tissue and breast milk. BPA is a well-known endocrine disrupter, additionally it has been shown to cause persistent aberrations in spontaneous behavior and in learning and memory in mice. The purpose of the present
study was to investigate if neonatal exposure to BPA can affect calcium/calmodulindependent protein kinase II (CaMKII), growth-associated protein-43 (GAP-43)
synaptophysin and tau levels in the neonatal and/or adult mouse brain. On postnatal day 10, male and female NMRI-mice were exposed to a single oral dose of 0.32,
3.2 or 4.8 mg BPA/kg body weight and control animals received the 20% fat emulsion vehicle. The animals were sacrificed 24h or 5 months after the BPA exposure
and the brains regions cerebral cortex and hippocampus were analyzed for CaMKII,
GAP-43, synaptophysin and tau with Slot-Blot analysis. No significant differences
in protein levels were seen in the neonatal mice 24h after exposure. In contrast, in
both adult male and female mice the protein analysis showed increased levels of
synaptophysin in the cerebral cortex. Furthermore, decreased levels of CaMKII
were seen in both cerebral cortex and hippocampus of adult female mice, an effect
not seen in adult male mice. These results support recent findings, showing that a
single oral exposure to BPA during a defined critical period of brain development
can cause irreversible neurotoxic effects. The mechanisms behind the neurotoxic effects seem to be different from other persistent organic pollutants (POPs) recently
studied in the same animal model. The present results call for further investigations
of the developmental neurotoxic effects of BPA.

1954

THE IMPACT OF BISPHENOL-A (BPA) EXPOSURE ON
NEURO-DEVELOPMENT AND SUBSEQUENT
VISUOSPATIAL LEARNING AND MEMORY.

J. N. Franklin and J. C. DeWitt. Department of Pharmacology and Toxicology,
Brody School of Medicine, East Carolina University, Greenville, NC.
Exposure to exogenous agents during neurodevelopmental stages may be associated
with the onset of neurological disorders. The emerging contaminant bisphenol A
(BPA) is a widely used ingredient in the production of plastics and resins utilized in
food and beverage packaging. This chemical pollutant has become ubiquitous in
our environment and studies have shown that it may have a deleterious impact on
developing organ systems when exposure occurs in utero. Our hypothesis is that
gestational and lactational exposure to BPA will alter the neurological development
of C57BL/6 mice, which will affect their performance on the Barnes maze, a task to
assess visuospatial learning and memory. C57BL/6 female mice were orally exposed
to 5, 25, or 50 mg/kg of BPA or a corn oil vehicle beginning at pairing with males
and continuing through weaning of pups. Performance on the Barnes maze was initiated at weaning (postnatal day 21) in male and female offspring. Initial errors in
finding the escape hole, total errors, time to initially reach the escape hole, and time
to escape were measured. Time to reach the escape hole decreased with increasing
doses of BPA. Although this trend was not statistically significant, this preliminary
study indicates that BPA may impact visuospatial learning and memory. In addition, females performed significantly better than male offspring when comparing
initial errors and time to initially reach the escape hole, which may indicate sex-related differences in the task or sensitivity to BPA exposure. To determine if behavioral performance correlates with altered brain morphology induced by BPA, evaluation of dendritic arborization in the hippocampi of exposed offspring is ongoing.

1955

IN UTERO BISPHENOL A-MEDIATED OXIDATIVE
STRESS CAUSES NEOCORTICAL ABNORMALITIES IN
MICE.

A. M. Shapiro1, J. T. Henderson1 and P. G. Wells1, 2. 1Pharmaceutical Science,
University of Toronto, Toronto, ON, Canada and 2Pharmacology and Toxicology,
University of Toronto, Toronto, ON, Canada.
Bisphenol A (BPA) is an additive in polycarbonate plastics and epoxy resins that has
raised concerns about its safety, particularly with respect to brain development.
Despite numerous BPA safety studies, there is little information about the potential
mechanisms of toxicity, making risk assessment difficult. We investigated the role of
BPA-initiated reactive oxygen species (ROS) formation on neurodevelopmental
deficits during the fetal period of development. Time-mated CD-1 mice were dosed
intraperitoneally on gestational day 15 with a single injection of 100 μg/kg BPA in
corn oil, and fetal brains were evaluated 4 and 8 hours post-injection for oxidatively
damaged DNA and morphological changes, respectively. Using high-performance
liquid chromatography with tandem mass spectrometry, we found elevated levels of
the DNA lesion 8-oxo-2’-deoxyguanine (8-oxodGuo), which was blocked by pretreatment with the free radical spin trapping agent phenylbutylnitrone (PBN), implicating ROS in the mechanism of macromolecular damage.
Immunohistochemical analysis using Tuj1, a neuron specific β-tubulin marker, revealed more dispersed staining in the neocortex in the BPA-exposed brains than in
controls. This BPA effect was prevented by pretreatment with PBN, suggesting a
role for ROS in the pathogenesis. Further investigation of neocortical development
is underway to determine the mechanism behind the abnormal Tuj1 staining pattern in BPA-exposed brains. These results suggest novel macromolecular and neurodevelopmental consequences of in utero BPA exposure that may broaden our understanding of the potential human risk. [Support: Canadian Institutes of Health
Research]

interposing a “trace” interval of time between the conditioned (CS) and the unconditioned stimulus (US). Using a standard trace fear paradigm, additional demands
were placed on the animals by 1) limiting the number of CS (tone/light neutral
stimulus) - US (footshock) pairings; and 2) addition of a noncontingent visual ‘distractor’ stimulus throughout training. The latter requires the engagement of the
prefrontal cortex as well as the hippocampus. 0, 1 2, 3, 10 ppm Propylthiouracil
(PTU) was administered via drinking water to the dam from early gestation until
weaning on postnatal day 21 (PN21), resulting in graded levels of T4 reduction in
the dams and pups. Independent groups of adult male and female offspring were
examined using one of two distract trace fear training protocols that differed in
saliency of the US. Deficits in context fear learning were seen in male but not female offspring exposed to 1, 2 and 3ppm PTU relative to control (0ppm). PTU did
not impact cue learning in either sex at these dose levels. At the highest dose of
PTU (10 ppm), deficits were seen in both males and females in context as well as
cue learning. When US saliency was increased by increasing shock duration from
0.5 to 2 sec, cue and context learning impairments were limited to high dose animals of both genders. These data indicate that subtle differences in learning result
from mild developmental TH insufficiency and males may be more susceptible to
these insults. (Does not reflect EPA policy).

1957

E. Wood2, U. Aunskjar4, T. F. Jensen4, T. Wise1, S. M. Fulcher2, B. S. Neilsen3
and A. Permin3. 1Harlan Laboratories, Inc., Indianapolis, IN, 2Toxicology, Harlan
Laboratories Ltd, Derby, United Kingdom, 3DHI Environment/Toxicology, Horsholm,
Denmark and 4Danisco A/S, Braband, Denmark. Sponsor: T. Wise.
This study was designed to assess the potential toxicity of PTU to adult animals and
subsequent developmental neurotoxicity in their offspring upto Day 60 of age.
Propylthiouracil (PTU) is a known anti-thyroid drug that inhibits the synthesis of
thyroid hormones in the thyroid gland. The study also provided data to support a
combined 2-generation reproduction toxicity test (OECD 416) and developmental
neurotoxicity (DNT) test (OECD 426) on a new generation plasticizer (GRINDSTED® SOFT-N-SAFE).
PTU was administered via the drinking water to the parental animals, for a ten
week pre pairing period and, for females, throughout, mating, gestation and lactation. For assessment of general toxicity in the parental animals, clinical signs, body
weight food and water consumption, mating performance, offspring survival and
growth and macroscopic pathological change were monitored. Assessment of developmental neurotoxicity in F0 F1 offspring included pre-weaning surface righting,
air righting and motor activity plus post-weaning motor activity, grip strength,
rotor rod and water maze and startle response.
Parental exposure to PTU was associated with reduced body weight gain and lower
food and water consumption, however mating performance and fertility (including
numbers of corpora lutea, implantations and offspring) were unaffected. Lower
body weight gain, inferior air righting performance and reduced motor activity
scores were observed for pre-weaning offspring and increased offspring mortality
was observed in the immediate post-weaning period.
For the adolescent offspring, lower body weight gains, delayed sexual maturation,
inferior grip strength, water maze, rotor rod performance and increase motor activity were observed. For young adults, lower body weight gain, inferior water maze
performance, increased startle response, higher motor activity and lower brain
weight were apparent.

1958
1956

MILD DEVELOPMENTAL HYPOTHYROIDISM AND
TRACE FEAR CONDITIONING: ROLE OF GENDER
AND SHOCK DURATION.

M. E. Gilbert and M. M. Taylor. Toxicity Assessment Division, US EPA, Research
Triangle Park, NC.
Rodent models of developmental thyroid hormone (TH) deficiency aptly reflect
the deleterious effects of severe TH deficiencies on brain structure and function in
humans. However, the impact of moderate TH insufficiencies on neurodevelopmental outcomes has proven more difficult to model. Trace fear learning was examined in adult male and female offspring following low level developmental TH disruption. Trace fear conditioning requires the involvement of the hippocampus by

ASSESSMENT OF THE ADULT TOXICITY OF
PROPYLTHIOURACIL (PTU) AND DEVELOPMENTAL
NEUROTOXICITY TO HARLAN WISTAR RATS.

IN UTERO AND LACTATIONAL EXPOSURE TO
DIOXIN ALTERS GENE EXPRESSION IN THE
DEVELOPING MOUSE BRAIN.

E. Kimura1, W. Miyazaki1, 2, T. Endo1, R. Hosaka1, W. Yoshioka1, M.
Kakeyama1 and C. Tohyama1. 1Department of Medcine, University of Tokyo,
Bunkyo-ku, Tokyo, Japan and 2Department of Public Health, Kumamoto University,
Kumamoto-shi, Kumamoto, Japan.
In utero and lactational exposure to environmental chemicals has been reported to
impair the advanced brain functions. We previously reported that maternal exposure to TCDD disrupts the advanced brain functions in adult mice (Haijima et al.,
2010; Endo et al., 2011). In this study, we used the same dosing paradigm and
studied changes in gene expression in the TCDD-exposed developing mouse brain.
Pregnant C57BL/6 mice were orally administered TCDD at a dose of 0, 0.6 or 3.0
μg/kg b.w. on gestation day 12.5, and brains of male progeny were collected on
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postnatal day (PND) 3, 7 or 14 and dissected for five different regions (olfactory
bulb (OB), cerebellum (Cb), cerebral neocortex (Ctx), hippocampus (Hp) and
striatum (St)). Gene expressions in these regions were determined by real-time RTPCR analysis. In the TCDD-exposed pups, a decrease in Ccr2 mRNA abundance
was found in OB and Cb on PND 3, Hp on PND 7, and Ctx on PND 14. On the
other hand, a temporally distinct change in gene expression was found. In the
TCDD-exposed pups on PND 7, the upregulated gene expression of Ccl2/MCP-1
mRNA was observed in OB and Cb, but not Ctx, Hp and St, and an increase in
aryl hydrocarbon receptor repressor (Ahrr) mRNA abundance was found in OB,
Cb and Ctx, but not Hp and St. Such a significant difference was not observed in
other inflammatory marker genes such as IL-8, IL-1β and TNF-α. In conclusion,
the present results showed that in utero and lactational exposure to TCDD induces
alterations of expression of Ccr2, Ccl2 and Ahrr genes in the developing mouse
brain. It remains to be studied whether and how these genes are involved in the
brain development and the possible involvement of such altered gene expression in
the impairment of the advanced brain functions in adulthood.

1959

GENETIC DIFFERENCES IN MOTOR FUNCTION IN
MICE EXPOSED TO POLYCHLORINATED BIPHENYLS
DURING GESTATION AND LACTATION.

C. P. Curran, J. Fowler, A. Ashworth, C. Strohmaier, H. Garber, M. McKay,
A. Brown and A. Lang. Biological Sciences, Northern Kentucky University, Highland
Heights, KY.
Polychlorinated biphenyls (PCBs) are persistent organic pollutants which cause
learning and memory deficits in children exposed during early brain development.
Our previous work in mice showed that susceptibility to PCB-induced learning and
memory deficits varied depending on the animal’s genetic makeup. Mice with a
high-affinity aryl hydrocarbon receptor (Ahrb) and lacking cytochrome P450 1A2
(Cyp1a2-/-) were most susceptible whereas AhrbCyp1a2(+/+) and AhrdCyp1a2(+/+)
mice were resistant. An unexpected finding was slower swim speed in Cyp1a2(-/-)
mice during Morris water maze testing, so we began an extensive motor battery to
assess nigrostriatal function. Four tests were used: gait analysis, pole climbing, adhesive removal, and balance beam. Pregnant mice were gavaged with an experimentally relevant mixture of PCBs or corn oil during late gestation and lactation. One
male and one female per litter were tested beginning at postnatal day 60. There was
a significant gene x treatment interaction (P<0.05) for stride length with PCBtreated AhrbCyp1a2(-/-) showing significantly shorter strides than all other groups.
There was a significant main effect (P<0.05) of genotype for stride variability with
AhrbCyp1a2(-/-) mice showing the greatest variability. The time to descend a 50cm
vertical pole was not significantly different. All PCB-treated groups took longer to
remove an adhesive sticker compared with corn oil-treated controls, and the greatest difference was seen in PCB-treated AhrbCyp1a2(-/-) mice. However, the differences were not statistically significant. There was a main effect of treatment in the
balance beam test. PCB-treated mice took significantly longer to cross the balance
beam compared with corn oil-treated control mice (P<0.05). Our data indicate that
AhrbCyp1a2(-/-) mice show the greatest motor impairments; however, all PCBtreated mice showed some impairments. These differences could be important
when interpreting results from behavior tests requiring normal motor function.

1960

DEVELOPMENTAL PCB 95 EXPOSURE INTERFERES
WITH SPATIAL MEMORY IN WEANLING MICE.

C. Barnhart, D. Yang, H. Chen, K. Truong, D. Bose, I. Pessah and P. Lein.
Molecular Biosciences, University of California Davis, Davis, CA.
Non-dioxin-like (NDL) polychlorinated biphenyls (PCBs) are persistent environmental contaminants that have been linked to behavioral deficits in children and
experimental animals. The mechanisms by which NDL PCBs interfere with normal
neurodevelopment are not well understood. We previously showed that developmental exposure to Aroclor 1254 interferes with spatial memory in weanling rats
coincident with decreased experience-dependent dendritic plasticity. We hypothesize that NDL PCB congeners mediate these effects via interactions with ryanodine
receptor (RyR) Ca2+ channels. To test this hypothesis, we are comparing the effects
of developmental exposure to PCB 95, a potent RyR sensitizer, on learning and
memory in wildtype (WT) versus congenic mice heterozygous for the human
R163C-RyR1 mutation that confers increased sensitivity to halogenated hydrocarbons. WT dams are exposed to 0, 0.1, 1, or 6 mg PCB 95/kg/day in the diet for 2
weeks prior to mating with males heterozygous for R163C-RyR1, and throughout
gestation and lactation. Offspring are weaned at P21 and trained in the Morris
water maze from P24-P31. Preliminary analyses suggest that developmental PCB
95 exposure causes dose-dependent increases in escape latency and reduced plat-
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form crossings. Within treatment groups, R163C-RyR1 heterozygous offspring
spend significantly less time than WT littermates in the training quadrant during
the probe test. There are no treatment- or genotype-specific differences in float time
or body weight. These preliminary experiments suggest that developmental exposure to NDL PCB congeners with potent RyR activity impairs spatial learning and
memory and this effect is exacerbated by expression of the R163C-RyR1 mutation.
Additional studies are underway to confirm these findings and to determine the effects of both developmental PCB 95 exposure and Ryr1 genotype on indices of
synaptic plasticity in the brain. This work supported by NIH (grants R01
ES014901 and T32 ES007059-32) and the ARCS Foundation.

1961

RYANODINE RECEPTORS ARE REQUIRED FOR BASAL
AND PCB-MODIFIED ACTIVITY-DEPENDENT
DENDRITIC GROWTH.

P. Lein1, G. A. Wayman2, D. D. Bose1, D. Yang1, A. Lesiak2, D. Bruun1 and I.
N. Pessah1. 1Molecular Biosciences, University of California Davis, Davis, CA and
2Program in Neuroscience, Washington State University, Pullman, WA.
Activity-dependent Ca2+ signaling plays a predominant role in shaping dendritic
arbors. Ryanodine receptor (RyR) Ca2+ channels regulate the spatiotemporal dynamics of intracellular Ca2+ signals, yet their significance in activity-dependent
dendritic growth is unknown. PCB 95 (2,2’,3,5’,6-pentachlorobiphenyl) is an environmentally relevant nondioxin-like PCB congener that potently sensitizes RyRs.
We, therefore, used PCB 95 as a tool for probing the role of RyR in dendritogenesis. At pM to nM concentrations, PCB 95 phenocopied the dendrite-promoting effects of bicuculline in cultured hippocampal neurons and in hippocampal slice cultures. Pharmacological antagonism or siRNA knockdown of RyR blocked both
PCB 95- and bicuculline-induced dendritic growth. PCB 95 promoted spontaneous Ca2+ oscillations in somata and dendrites, activated CREB and upregulated
Wnt2. Blocking CaMKK, CaMKIα, MEK/ERK, CREB or Wnt2 prevented PCB
95-induced dendritic growth. In vivo exposure to PCB 95 at levels of concern to
the developing human brain similarly enhanced dendritic growth in weanling rats.
These findings demonstrate that RyR activity contributes to dynamic remodeling
of the dendritic architecture via CaMKI-CREB signaling, and identify RyR channel dysregulation as a new mechanism contributing to dysmorphic dendritogenesis
associated with heritable and environmentally triggered neurodevelopmental disorders. This work supported by NIH (grants R01 ES014901, P42 ES04699 and RO1
MH086032).

1962

RYANODINE RECEPTOR-1 MUTATION POTENTIATES
PCB 95 EFFECTS ON CALCIUM OSCILLATIONS IN
PRIMARY CORTICAL NEURONS.

H. Chen, D. D. Bose, S. C. Maxwell, P. J. Lein and I. N. Pessah. Department of
Molecular Biosciences, University of California Davis, Davis, CA.
PCBs are a group of structurally related chemicals with widespread distribution in
the environment. The developmental neurotoxicity of non-coplanar PCBs may be
mediated, at least in part, by their potent activity towards ryanodine receptors
(RyRs), which are broadly expressed in the nervous system and contribute to Ca2+dependent signaling events in neurons. Human polymorphisms in RYR genes increase sensitivity to halogenated compounds and are linked to environmentally triggered disorders including malignant hyperthermia (MH) and cardiac arrhythmias.
In this study, we tested the hypothesis that a heritable RYR1 mutation increases susceptibility to the developmental neurotoxicity of PCBs. Primary cortical cultures
dissociated from either transgenic mice that express the R163C-RyR1 mutation or
congenic wildtype (WT) mice were plated at high density and exposed to vehicle or
PCB 95 (2,2’3,5’6-pentachlorobiphenyl) from 7 to 9 days in vitro (DIV).
Following exposure, spontaneous Ca2+oscillations were monitored in neurons
loaded with the Ca2+ sensitive dye Fluo-4. Exposure to PCB 95 (200 nM) significantly increased the frequency of spontaneous Ca2+ oscillations in WT and heterozygous R163C-RyR1 cortical neurons relative to vehicle controls. This effect
was more pronounced in neurons expressing the Ryr1 gene mutation relative to
WT. However, in contrast to parallel studies in cultured mouse hippocampal neurons, this PCB 95 exposure paradigm had no effect on dendritic arborization in either WT or R163C-RyR1 cortical neurons. In summary, our results indicate that
expression of a RYR1 gene mutation that confers susceptibility to halogenated hydrocarbons exacerbates the effects of PCB 95 on the fidelity of intracellular Ca2+
signaling in neurons, but the cellular readout of this perturbation may differ among
cortical neuronal cell types. Supported by NIH grants R01 ES014901 and P42
ES04699.

1963

BDE-47 AND BDE-49 INFLUENCE MORPHOLOGIC
DETERMINANTS OF NEURONAL CONNECTIVITY IN
PRIMARY CULTURES OF HIPPOCAMPAL NEURONS.

D. Yang, H. Chen, L. Mangini, I. N. Pessah and P. J. Lein. Molecular Biosciences,
School of Veterinary Medicine, University of California Davis, Davis, CA.
Polybrominated diphenyl ethers (PBDE) are widely used flame retardants that
bioaccumulate in human tissues. Developmental exposure to PBDE has been
linked to cognitive and behavioral deficits in humans and experimental animals. It
has been proposed that like the structurally related non-dioxin-like polychlorinated
biphenyls (PCBs), PBDEs alter normal patterns of neuronal connectivity in the developing brain. Axonal and dendritic morphology are critical determinants of neuronal connectivity, and perturbation of the rate or extent of axonal or dendritic
growth during neurodevelopment has been linked to neurobehavioral deficits in
animal models and humans. In primary cultures of hippocampal neurons derived
from postnatal day 1 rat, exposure to BDE 47 or 49 at concentrations in the pM to
nM range during the first 48 hours after plating significantly inhibit axonal growth.
In contrast, exposure to either BDE congener from days 7 to 9 in vitro has no effect
on dendritic growth. However, exposure to BDE-47 and -49 over days 12-16 in
vitro alters synapse density. The effects of PBDE on axonal growth and synapse formation are independent of cytotoxicity as measured by MTT and LDH release
assay. Our findings suggest that like PCBs, PBDEs may cause developmental neurotoxicity by interfering with normal patterns of neuronal connectivity in the developing nervous system; however, unlike the non-dioxin-like PCBs, PBDEs preferentially target axonal growth rather than dendritic growth. Exposure to both
PCBs and PBDEs may impair neuronal connectivity in an additive or synergistic
manner. This work supported by NIH grants R01 ES014901 and P42 ES04699
and by the JBJ Foundation.

1964

PAH PARTICLES PERTURB PRENATAL PROCESSES
AND PHENOTYPES.

D. B. Hood2, Z. Li2, G. Chadalapaka4, A. Ramesh1, H. Khoshbouei3, M.
Maguire2, R. Clark2, G. Jules2, M. McCallister2, M. Aschner6 and S. Safe4, 5.
1Department of Biochemistry and Cancer Biology, Meharry Medical College,
Nashville, TN, 2Department of Neuroscience and Pharmacology, Center in Molecular
and Behavioral Neuroscience, Meharry Medical College, Nashville, TN, 3Department
of Physiology, Meharry Medical College, Nashville, TN, 4Department of Veterinary
Physiology and Pharmacology, Texas A&M University, College Station, TX,
5Department of Veterinary Physiology and Pharmacology & Institute of Biosciences
and Technology, Texas A&M Health Sciences Center, College Station, TX and
6Departments of Pediatrics & Pharmacology, Center in Molecular Toxicology, Kennedy
Center for Research on Human Development, Vanderbilt University School of
Medicine, Nashville, TN.
In the present study, we addressed the in utero exposure effects of benzo(a)pyrene
aerosol [B(a)P] on Sp4 and N-methyl-D-aspartate (NMDA) dependent systems towards ascertaining later life behavioral phenotypes. Results from in utero exposed
WT Cprlox/lox offspring mice were compared with in utero exposed brain-Cprnull offspring mice (that do not express NADPH oxidoreductase associated with
CYP thereby substantially reducing their capacity to produce B(a)P metabolites.
Subsequent to in utero [E14-E17] exposure to B(a)P aerosol at a concentration of
100ug/m3, Cprlox/lox offspring exhibited: 1) significantly elevated B(a)P metabolite and F2-isoprostane neocortical tissue burdens, 2) significantly elevated concentrations of the neurotransmitter glutamate in cortex, 3) premature Sp4 developmental expression, 4) negative modulation of NR2B:NR2A subunit ratios and 5)
deficits in a novelty discrimination phenotype that is completely absent in brainCpr-null offspring subsequent to in utero exposure to B(a)P aerosol. Collectively,
these findings suggest that, in situ generation of metabolites by the CYP1B1
NADPH oxidoreductase causes a tissue burden that likely promotes negative effects
on NMDA mediated signaling processes affecting behavioral phenotypes in offspring during the period when synapses are first forming.

1965

ASSESSING LATER-LIFE BEHAVIORAL PHENOTYPES
SUBSEQUENT TO IN UTERO EXPOSURE TO
BENZOPYRENE.

M. McCallister1, M. Newland2, A. Ramesh3, M. Maguire1 and D. B. Hood1.
1Department of Neuroscience and Pharmacology, Center in Molecular and Behavioral
Neuroscience, Meharry Medical College, Nashville, TN, 2Department of Psychology,
Auburn University, Auburn, AL and 3Department of Biochemistry and Cancer
Biology, Meharry Medical College, Nashville, AL.
To characterize the impact of early-life exposure to B(a)P on later-life behavioral
phenotypes Long Evans Hooded rats were exposed to either peanut oil, 600 or
1200μg/kg BW B(a)P on embryonic days (E) E14-17. The results reveal no effect

of in utero exposure on birth indices, pre-weaning growth curves or on the initial
and final heart to brain to body weight ratios in the experimental groups relative to
controls. However, rat offspring exposed in utero to 600 and 1200 μg/kg BW B(a)P
required significantly more sessions to 1) acquire the original discrimination and 2)
complete the first reversal as compared to controls (14-days as compared to 6-days
for controls). B(a)P-exposed offspring regardless of dose, made significantly more
errors than controls on the first reversal, while maintaining a similar number of errors in the original discrimination. B(a)P-exposed offspring also maintained shorter
choice latencies than controls during the initial reversal session. These findings lead
to a strong prediction that early-life exposure to B(a)P during the peak periods of
neurogenesis produce a strong negative effect on associative learning in the offspring in later-life.

1966

2, 3, 7, 8-TETRACHLORODIBENZO-P-DIOXIN (TCDD)
INDUCED DISRUPTION OF THE PERIPHERAL
NERVOUS SYSTEM OF DEVELOPING RED SEABREAM
(PAGRUS MAJOR) EMBRYOS.

M. Iida1, E. Kim2, Y. Murakami3, Y. Shima4 and H. Iwata1. 1Center for Marine
Environmental Studies (CMES), Ehime University, Matsuyama, Japan, 2Department
of Life and Nanopharmaceutical Science and Department of Biology, Kyung Hee
University, Seoul, Republic of Korea, 3Department of Biology, Faculty of Science,
Ehime University, Matsuyama, Japan and 4Hakatajima Station, National Center for
Stock Enhancement, Fisheries Research Agency, Imabari, Japan.
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) induces various toxic effects such as
neural damages in developing fish embryos. Although many studies have focused
on the TCDD-induced neurotoxicity in the central nervous system of vertebrates,
the effects on the peripheral nervous system (PNS) are poorly understood. We investigated TCDD-induced effects on the morphology of peripheral nervous system
(PNS) in the developing red seabream (Pagrus major). The embryos at 10 hours
post-fertilization (hpf ) were treated with 0, 0.1, 0.4 or 1.7 μg/L of TCDD in seawater for 80 minutes. The morphology of PNS was microscopically observed at 48,
78, 120 and 136 hpf with florescence staining using an anti-acetylated tubulin antibody. The craniofacial distribution and nerve fascicle of PNS were notably disrupted in TCDD-treated embryos. Since the growth cone at the end of growing
nerve axons advances through the surrounding tissues, we hypothesized that
TCDD exposure would affect 1) the muscle as an axon target, 2) the nerve cell proliferation/differentiation and 3) the axon guidance molecules in the embryos.
Histological analyses indicated that the expression levels of Semaphorin 3A and
Plexin A1 mRNAs were altered in TCDD-treated embryos, but no effects on the
muscle structure and the differentiation/proliferation of neurons were detected.
Our findings demonstrated that TCDD produces specific effects on the development of craniofacial PNS in red seabream embryos even at a low concentration (0.1
μg/L).

1967

EFFECT OF MIDAZOLAM ON DEVELOPING BRAIN: IN
VITRO AND IN VIVO STUDIES.

N. Sadovova1, F. Liu2, M. G. Paule2, W. Slikker2 and C. Wang2. 1Toxicologic
Pathology Associates, Jefferson, AR and 2Division of Neurotoxicology, NCTR/FDA,
Jefferson, AR.
Last decade data raise the concern that most anesthetics may triggers widespread
apoptotic neurodegeneration during development, because they are the NMDA
antagonists, e.g. ketamine and/or GABA agonists, e.g. midazolam. PND-1 rat forebrain cultures were treated for 12 hrs with ketamine and midazolam alone, and ketamine plus midazolam at various doses to study if that combination will promote
or prevent each other’s neurotoxic effects. Ketamine (10 and 20 μM) resulted in a
substantial increase in DNA fragmentation as measured by cell death ELISA, increased number of TUNEL-positive cells, and a reduction in mitochondrial metabolism. No significant apoptotic effect was observed in midazolam-treated cultures.
Co-incubation of midazolam (1 or 5 μM) with ketamine (5 or 10 μM) mildly reduced ketamine-induced apoptosis, suggesting that concomitant activation of the
GABA system may serve to attenuate the neurotoxic effects of glutamatergic overstimulation. Same study was repeated on PND-3 monkey cortical cultures. No significant neurotoxicity was observed in midazolam-treated cultures. Co-incubation
of 10 μM midazolam with ketamine (10 μM) partially prevented ketamine-induced neuronal cell death. PND-7 rats were intraperitoneally administered with 9
mg/kg midazolam or saline (control) 3 times at 2 h interval. No significant apoptotic effect was observed. Brain frontal cortical areas were collected 6 h after the last
dose and RNA was isolated. Gene expression profiling was performed using the
Illumina Rat Ref-12 Expression BeadChip with 22,523 probes. The differentially
expressed genes (fold change greater than 1.4 and a P-value less than 0.05 comparing treatment to control) were analyzed by using IPA (Ingenuity System).
Molecular function analysis showed the only gene Exosc3 directly involved to cell
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death was down-regulated in midazolam-treated pups. 2 other genes Txnip and
Mt1 found are oxidative stress-related. Further study should be done with midazolam and co-injections of ketamine and midazolam.
This work was supported by NCTR E-7405.01.

1968

DKK1 AND NOTCH1 MEDIATE GLUCOCORTICOIDINDUCED CHANGES IN HUMAN NEURAL
PROGENITOR CELLS PROLIFERATION AND
DIFFERENTIATION.

R. Bose1, M. Moors1, K. Johansson-Haque2, K. Edoff1, S. Okret2 and S.
Ceccatelli1. 1Department of Neuroscience, Karolinska Institutet, Stockholm, Sweden
and 2Department of Biosciences and Nutrition, Karolinska Institutet, Stockholm,
Sweden.
Glucocorticoids (GC) are critical for the development of the brain and essential for
the stress response; however excess of GC has been linked to detrimental consequences on the nervous system. There is little information available on the effects of
GC on human neural stem/progenitor cells (hNPC). In the present study we have
investigated the effects of the synthetic GC dexamethasone (Dex) on hNPC grown
as neurospheres, with special focus on their proliferation and differentiation capacity and the underlying molecular mechanisms. hNPC (Lonza Verviers SPRL) from
different preparations (gestational week 16, 16.5 and 19) were cultured as neurospheres in Dulbecco modified Eagle medium and Hams F12 (3:1) supplemented
with B27, 20ng/ml EGF and 20ng/ml rhFGF at 37°C with 5% CO2.
Neurospheres with a diameter of 0.25 – 0.3 mm were plated on poly-Dlysine/laminin coated cover glasses and exposed to 1μM Dex.
Immunocytochemical stainings showed that Dex markedly decreases proliferation
and neuronal differentiation while promoting glia cell formation. Analysis of pathway-specific genes revealed that Dex induces an upregulation of the Wnt antagonist
DKK1. Chromatin immunoprecipitation showed that Dex, via the glucocorticoid
receptor (GR), interacts with the DKK1 promotor. Treatment of hNPC with recombinant DKK1 or neutralizing antibodies indicated that DKK1 has a critical
role in the Dex-induced inhibition of proliferation, as well as in the modified differentiation with subsequent increase in glial cells and decrease in neurons. Dex-exposure also resulted in downregulation of the Notch ligand JAG1, decrease in total
Notch1 and up-regulation of the Notch target gene Hes5. Taken together, our findings show that GC reduce proliferation of hNPC and interfere with cell differentiation via the Wnt and Notch signalling pathways.

1969

SEX-RELATED DIFFERENCES IN HUMAN AND
RODENT NEURAL STEM CELL SUSCEPTIBILITY TO
METHYLMERCURY (MEHG).

K. Edoff, W. Wan Ibrahim, M. Moors and S. Ceccatelli. Department of
Neuroscience, Karolinska Institutet, Stockholm, Sweden.
Epidemiological and experimental data have generated a growing awareness about
possible sex-related differences in the susceptibility to developmental neurotoxicants. We have used human and rodent neural stem cells (NSCs) to evaluate
whether in vitro models may be feasible to investigate sex-dependent differences in
regard to developmental neurotoxicity. Human (h) NSCs were cultured as neurospheres or dissociated cells. Neurospheres from different developmental stages
(gestational week 8.5 and 16) were exposed to 10nM-100nM MeHg and alterations in proliferation, differentiation and migration were examined and compared
to untreated controls. The proliferation assay, performed in dissociated hNSCs exposed to MeHg (10 - 25nM) for 24 hrs showed a significant decrease in proliferation as evaluated by quantification of Ki67 positive cells. Moreover, we observed a
significant decrease in spontaneous neuronal differentiation, as determined by Tuj1
quantification in 7 day-old cultures, similar to what we previously reported in rodent NSCs. To identify the gender of the donors, we employed two independent
PCR analyses using two Y-chromosome-loci (ZFY and SRY) or a X-Y homologus
locus where the X version has a different size from the Y version. We have implemented an assay for continuous live imaging during normal culture conditions of
intact neurospheres using the Cell-IQ imaging system. As the spheres attach to a
coated substrate, the NSCs start to extend processes and some cells start to migrate
out radially from the sphere. In agreement with epidemiological and in vivo experimental data, our results suggest that hNSCs established from male donors are more
sensitive to MeHg (10nM), based on changes in processes extension and cell migration. Additional experiments using cultures of NSCs prepared from male or female
mice confirmed the higher susceptibility of NSCs originated from males. All together, our data indicate that cell cultures can be valuable for identifying sex-related
differences in the susceptibility to neurotoxicants.
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VALIDATION OF CANDIDATE GI CANCER GENES
WITH ION CHANNEL FUNCTIONS, IDENTIFIED
FROM SLEEPING BEAUTY TRANSPOSON-MEDIATED
MUTAGENESIS SCREENS IN APC+/+ MICE.

B. L. Than1, T. Starr2, D. Largaespada3, R. Cormier1 and P. Scott1. 1Biomedical
Sciences, University of Minnesota Medical School, Duluth, MN, 2Ob, Gyn, Women’s
Health, University of Minnesota Medical School, Minneapolis, MN and 3GCD,
University of Minnesota, Minneapolis, MN.
Colorectal cancer (CRC) is the second leading cause of cancer-related deaths in the
US. Our labs have used Sleeping Beauty transposon-mediated mutagenesis screens
in Apc+/+ mice to identify a set of common insertion sites associated with candidate
CRC genes. These include two ion-channel encoding genes: Kcnq1 and Cftr, which
act together to promote chloride ion secretion in the normal colon. We hypothesize
that these two genes, when dysregulated, contribute to the development of CRC.
The normal physiological functions of KCNQ1 indicate it may work with CFTR to
prevent inflammation in the GI tract. The function of Kcnq1 was tested by its genetic knockdown in the ApcMin model of GI cancer and in the human CRC cell line
DLD-1. In the mouse model, Kcnq1 expression was abrogated by targeted germline
mutagenesis, resulting in a null allele. In cell culture, expression of KCNQ1 was depleted by siRNA knockdown, confirmed by quantitative real time PCR. We found
that haploinsufficiency for Kcnq1 significantly enhanced tumorigenesis in ApcMin
mice. In support of this result, a 60% knockdown of KCNQ1 in DLD-1 cells resulted in ~1.4x increase in cell viability measured by MTT assay, compared with a
control siRNA treatment at day seven after transfection. Colon tissues of Kcnq1+/+
and Kcnq1-/- mice were compared for expression of the inflammatory mediator
Nfκb and its mRNA level was increased by ~1.6x in Kcnq1-/- mice. In summary, our
results of both in vivo and in vitro studies confirm a tumor suppressor role for
Kcnq1 in the GI tract. Current work is focused on investigating the potential connections between KCNQ1 and CFTR, and the model that their genetic alterations
promote oncogenesis by a common pathway, possibly by an inflammatory mechanism. This knowledge should also further an understanding of how exogenous toxicants such as formaldehyde that promote inflammation in the GI tract may contribute to human CRC.

1971

INHIBITORY EFFECTS OF PLATYCODON
GRANDIFLORUM ROOT-DERIVED SAPONIN ON
TRANSFORMING GROWTH FACTOR-β1-INDUCED
EPITHELIAL TO MESENCHYMAL TRANSITION IN
A549 CELLS.

J. Choi1, H. Kim1, Y. Hwang1, 2, Y. Chung2 and H. Jeong1. 1Pharmacy,
Chungnam National University, Daejeon, Republic of Korea and 2Food Science,
International University of Korea, Jinju, Republic of Korea.
Epithelial to mesenchymal transition (EMT) is a hallmark of pathological contexts
in cancer progression and fibrosis. This study investigated the inhibitory effect of
Platycodon grandiflorum root-derived saponins (Changkil saponins: CKS) on
transforming growth factor-β1 (TGF-β1)-induced alterations characteristic of
EMT in A549 cells. CKS inhibited TGF-β1-induced proliferation in A549 cells.
CKS blocked TGF-β1-induced E-cadherin downregulation and vimentin upregulation, as well as retaining epithelial morphology. Furthermore, CKS inhibited
TGF-β1-induced snail expression. CKS attenuated TGF-β1-induced phosphorylation of smad2/3 and restoring of downregulation of smad7. CKS attenuated TGFβ1-induced phosphorylation of PI3K/Akt and ERK1/2. Inhibition of PI3K/Akt
and EKR also blocked TGF-β1-induced glycogen synthase kinase-3β (GSK-3β)
phosphorylation. Also, LY294002, PD98059 and lithium chloride inhibited TGFβ1-induced Snail expression. These results suggest that CKS inhibits the TGF-β1induced EMT process and prevent TGF-β1-induced acquisition of a myofibroblast
phenotype in A549 cells.

1972

ENHANCED INHIBITION OF CELL PROLIFERATION
IN HUMAN COLON CANCER DLD1 CELLS OVEREXPRESSING PPARγ.

C. H. Ferry1, 2, B. Zhu1, T. S. Lahoti1, F. J. Gonzalez3 and J. M. Peters1.
1Veterinary & Biomedical Science, Pennsylvania State University, University Park, PA,
2Biochemistry & Molecular Biology, Pennsylvania State University, University Park,
PA and 3Laboratory of Metabolism, National Cancer Institute, Bethesda, MD.
Peroxisome proliferator-activated receptor gamma (PPARγ) is a nuclear hormone
receptor that regulates many important functions, including adipogenesis, glucose
homeostasis and cancer. Loss of function of this protein has also been associated
with increased incidence of human colorectal cancer. The function of this nuclear

receptor was examined using stable human DLD1 colorectal adenocarcinoma cells
over-expressing PPARγ. Over-expression of PPARγ was confirmed at both the protein and mRNA levels by western blot analysis and real-time quantitative PCR.
Enhanced activation of a PPARγ target gene was also observed in response to ligand
activation of PPARγ as compared to control cells. The xCELLigence System from
Roche® was used to monitor cell proliferation in real time, providing quantitative
assessment of cell number over a period of 120 hours. Ligand activation of DLD1
cells over-expressing PPARγ caused enhanced inhibition of proliferation as compared to controls. Results from this study show that activating PPARγ in DLD1
cells that over-express this receptor can effectively enhance inhibition of proliferation as compared to controls. This suggests that approaches that increase expression
of PPARγ in colon cancer cells could be developed as a new strategy for colon cancer chemoprevention. (Supported by CA124533, CA126826, CA141029,
CA140369).

1973

THE ANTIDIABETIC DRUG METFORMIN INHIBITS
PANCREATIC CANCER CELL GROWTH AND TARGETS
DOWNREGULATION OF SPECIFICITY PROTEIN (SP)
TRANSCRIPTION FACTORS.

V. Vasanthakumari1 and S. Safe1, 2. 1Department of Veterinary Physiology and
Pharmacology, Texas A&M University, College Station, TX and 2Institute of
Biosciences and Technology, Texas A&M Health Science Center, Houston, TX.
Metformin (1,1-dimethylbiguanide hydrochloride) is one of the most widely prescribed drugs for the treatment of type 2 diabetes. In addition to its antidiabetic
property it also exhibits antineoplastic effects which include inhibition of angiogenesis and cell cycle arrest. In this study we evaluated the effect of metformin on
specificity protein (Sp) transcription factor which is normally overexpressed in cancer cells compared to their low levels of expression in normal cells. We report for the
first time that metformin downregulates specificity protein (Sp) transcription factors (Sp1, Sp3, Sp4) and Sp dependent genes associated with cancer cell survival
(survivin), angiogenesis (VEGF) cell cycle progression (cyclin D1) and proapaoptotic genes (bcl2, cPARP). However, when cells were pretreated with the proteasome inhibitor - gliotoxin, there was a reversal of Sp downregulation. Enhanced Sp
protein ubiquitination was observed when metformin treated cell lysates were immunoprecipitated with Sp antibody and immunobloted with Ubiquitin (Ub) antibody. Sp degradation was unaffected when cells were pretreated with leptomycin B
- a nuclear export inhibitor, indicating the nuclear degradation of Sp proteins. Fatty
Acid Synthase (FAS) a key enzyme of lipid metabolism is overexpressed in cancer
cells compared to the normal cells. The differential expression of FAS between normal and neoplastic tissues makes it a potential tumor biomarker. Expression of FAS
was significantly decreased when pancreatic cancer cells were treated with metformin and knockdown of Sp1, Sp3, and Sp4 proteins by RNA interference decreased the expression of FAS indicating that FAS is regulated by Sp proteins. The
effects of metformin on other molecular pathways and the potential use of FAS as a
biomarker are currently being investigated.

1974

ATTENUATION OF THE UVC-INDUCED DNA
DAMAGE RESPONSE IN TK6 CELLS WITH THE
TUMOR PROMOTING AGENT TPA.

K. P. Glover, A. Myhre, L. K. Markell, E. Donner and X. Han. Haskell Global
Centers for Health and Environmental Sciences, DuPont, Newark, DE.
The DNA damage response (DDR) represents an intricate network of signaling
pathways that converge to decide cellular fate following an insult to the DNA structure. This critical pathway initiates a myriad of downstream events which funnel
into basic mechanisms (DNA repair, cell cycle arrest and apoptosis) to prevent
oncogenesis and overall genomic instability. Therefore, the purpose of this study
was to investigate the effect of a known tumor promoter (12-O-tetradecanoylphorbol-13-acetate, TPA) on the DDR initiated by UVC exposure. UVC is efficiently absorbed by DNA which results in bulky pyrimidine dimers and 6-4 photoproducts that cause replication stress and double strand breaks. In this study, TK6
cells were exposed to various levels of UVC (2, 5, 10, 20, 50 and 100 J/m2 ), resulting in different profiles of viability (trypan blue), cell cycle arrest (propidium iodide), apoptosis (annexin V/PI) and DNA damage (micronucleus assay) at 24
hours post-exposure depending on the amount of DNA damage incurred.
Treatment with TPA altered all of these endpoints indicating an overall attenuation
of the DDR. At cytotoxic levels of UVC exposure, TPA increased the overall cell viability by approximately 10-15%. The effect of TPA on cell cycle arrest was most
notable at 20 J/m2 in which UVC-induced G1 arrest was almost completed abro-

gated. A decrease in G1 arrest was also observed at the higher UVC exposure levels.
TPA also attenuated apoptosis while also decreasing the overall dead cell population. The effect was most notable at the highest concentrations tested (50 and 100
J/m2 ) where an approximately 50% reduction in Annexin V positive cells was observed. Lastly, TPA appeared to increase UVC induced micronuclei at cytotoxic
concentrations. Since the DDR is essential for preventing the carcinogenic transformation of cells, we hypothesize that attenuation of this pathway by exogenous
chemicals could potentially create an environment for clonal expansion of cells in
the tumor promotion phase of cancer.

1975

ANILINE-INDUCED CELL CYCLE PROGRESSION OF
SPLENOCYTES: EXPRESSION OF microRNAS AND
CYCLIN mRNAS.

J. Wang1, J. Carmical2, S. Kondraganti1, G. Wang1, H. Ma1, G. Ansari1 and
M. Khan1. 1Pathology, University of Texas Medical Branch, Galveston, TX and
2Biochemistry and Molecular Biology, University of Texas Medical Branch, Galveston,
TX.
Aniline exposure is associated with toxicity to the spleen leading to splenomegaly,
hyperplasia, fibrosis, and sarcomas on chronic exposure in rats. However, early molecular events in aniline-induced cell cycle progression in the spleen remain unknown. Cell cycle progression plays pivotal role in cell proliferation and cyclins play
a central role in cell cycle regulation. Recent studies have shown that microRNAs
(miRNAs), which are small noncoding RNA molecules, regulate the expression of
target genes by specifically binding to and interfering with their mRNAs, and play
important role in cell growth, proliferation and apoptosis. This study was, therefore, undertaken on the expression of miRNA and regulation of mRNA of cyclins
in the spleen, in an experimental condition that precedes aniline-treated tumorigenic response. Male SD rats were treated with aniline (1 mmol/kg/day, by gavage)
for 7 days (controls received drinking water only), and miRNA (microarray and
qPCR) and mRNA expression of cyclins (qPCR) were analyzed. Microarray and
qPCR analysis showed that aniline exposure led to significantly decreased miRNA
expression of let-7a, miR-34c and miR-125b in the rat spleens. The decreases in
these miRNA expression were associated with significantly increased mRNA expression of cyclin D3, cyclin E, cyclin A and cyclin B in the splenocytes of anilinetreated rats, as compared to the controls. The data suggest that let-7a, miR-34c and
mir-125b could play a role in the regulation of cell cycle proteins. Our findings
thus, provide new insight into the role of miRNA in cell cycle progression which
may contribute to aniline-induced tumorigenic response in the spleen. Supported
by NIH ES06476.

1976

LIGAND-DEPENDENT ACTIVATION OF THE ORPHAN
NUCLEAR RECEPTOR NR4A2 (NURR1) IN
PANCREATIC CANCER CELLS.

X. Li1 and S. Safe2, 3. 1College of Medicine, Texas A&M Health Science Center,
College Station, TX, 2Veterinary Physiology and Pharmacology, Texas A&M
University, College Station, TX and 3Institute of Biosciences & Technology, Texas
A&M Health Science Center, College Station, TX.
The transcription factor Nurr1 belongs to the nuclear receptor 4A (NR4A) subfamily and recent studies show that Nurr1 is a potential drug target for clinical
treatment of tumors. Methylene-substituted diindolylmethanes (C-DIMs) are a
new class of potent chemotherapeutic drugs that exhibit promising in vitro and in
vivo anticancer activities. Using a Gal4-Nurr1 chimera and a Gal4-luc reporter, we
have identified C-DIMs that activate Nurr1 in pancreatic cancer cells, and our results show that a select number of C-DIMs are more potent than 6-mercaptopurine, the widely used chemotherapeutic agent and Nurr1 activator. These preliminary results were further examined using NBRE or NurRE response element
sequences linked to a luciferase reporter gene and there was a good correlation between these assays. While modifications on the indole rings of DIM lead to moderate Nurr1 activation, phenyl-substituted C-DIMs such as 1,1-bis(3’-indolyl)-1-(pbromophenyl)methane (DIM-C-pPhBr) result in more than a 60 fold activation of
Nurr1 in the functional assays. The structure-related activities of a group of phenyl
and indole ring substituted DIM-C-PhBr analogs were compared and their activities as Nurr1 activators were pPhBr > mPhBr > oPhBr (phenyl ring substituted) and
2-Me > N-Me (methyl groups on the indole ring). The activation of Nurr1 by
DIM-C-pPhBr is dependent on both N-terminal AB and C-terminal C to F domains. Activation of the AB domain of Nurr1 by DIM-C-pPhBr is partially abolished by MEK1 inhibitor PD98059 and PI3K inhibitor LY294002. Expression of
several genes that have Nurr1 responsive NBRE elements were induced as early as 4

SOT 2012 ANNUAL MEETING

425

hr after treatment with DIM-C-pPhBr and after knockdown of Nurr1 by RNA interference the induction effects were decreased. These results indicate that C-DIMs
that activate Nurr1 inhibit pancreatic cancer cell growth and the Nurr1 dependent
pathways are currently being investigated.

1979

EVIDENCE THAT SMAD5 DYSREGULATION IN
HEMANGIOBLASTS MAY CONTRIBUTE TO
HEMANGIOSARCOMA DEVELOPMENT IN MICE.

C. Qin, K. Bleicher, A. Tosolini, C. Cunningham, K. Striano, D. Umbenhauer,
F. Sistare and R. D. Storer. Safety Assessment, Merck Research Laboratories, West
Point, PA.

1977

STUDIES ON WILD YAM (DIOSCOREA VILLOSA)
ROOT EXTRACT AS A POTENTIAL
CHEMOPREVENTIVE AGENT FOR BREAST CANCER.

P. Aumsuwan1, 2, S. I. Khan1, 3, I. A. Khan1, 3, L. A. Walker1, 2 and A. K.
Dasmahapatra1, 2. 1National Center for Natural Product Research, University of
Mississippi, University, MS, 2Department of Pharmacology, University of Mississippi,
University, MS and 3Department of Pharmacognosy, University of Mississippi,
University, MS.
Aberrant epigenetic alterations in the genome such as DNA methylation and chromatin remodeling are able to inactivate specific gene function which is considered
as one of the mechanisms involved in breast cancer development. Attempts have
been made to develop demethylating epigenetic drugs (epi-drugs) that are able to
reactivate the silenced gene and prevent breast cancer. The current synthetic epidrugs are non-specific and able to induce adverse side effects. In an attempt to
search new and safe gene-specific demethylating agents (epi-drugs) from natural
products, this study was aimed to evaluate the effects of wild yam (Dioscorea villosa) root extract in an estrogen receptor positive (ER+) breast cancer cell line
(MCF-7). Two genes, DNA methyl transferase 3B (DNMT3B) and GATA3 which
are reported to be over expressed in breast cancer cells were used for evaluation.
Additionally, by using Methyl Primer Express V1.0 software (Applied Bioscience)
we were able to identify 3 CpG rich sites in the promoter region of GATA3 and 1
site in DNMT3B. MCF-7 cells at about 70 % confluency were exposed to various
concentrations of wild yam root extract (0-50 μg/ml) for 72h. After cell count, total
RNA was extracted and used for GATA3 and DNMT3B mRNA analysis by quantitative real-time PCR (qPCR). Moreover, the promoter methylation pattern of a
specific region of GATA3 gene was also analyzed. It was observed that wild yam
root extract significantly reduced the cell proliferation in a dose-dependent manner.
The mRNA expression of DNMT3B was significantly enhanced in a dose-dependent manner as observed by qPCR while GATA3 mRNA expression was unaltered.
From our preliminary data, it was evident that wild yam root extract has the potential to be used as a cancer chemopreventive substance, however, to establish its efficacy as an epi-drug more studies are needed.

We have identified an intracisternal A particle (IAP/an endogenous retroviral element) insertion in intron 1 of the smad5 gene as a candidate hemangiosarcoma susceptibility locus in mice. SMAD5 is a critical signaling molecule in the bone morphogenetic protein (BMP)/transforming growth factor (TGF) β pathway involved
in mesenchymal cell differentiation and plays an essential role in vasculogenesis.
Smad5 KO is an embryonic lethal due to a lack of a well-organized vasculature in
the yolk sacs. In the present study, we provide evidence that (1) spontaneous hemangiosarcomas from p53-/- mice express a combination of monocyte, leukocyte
and endothelial cell markers (CD14, CD45, and CD31); and (2) genes in a branch
of the BMP/TGFβ signaling pathways that specifically regulate angiogenesis
(TGFβ1, ALK1, SMAD1/5, and ID1) are highly expressed in the hemangiosarcomas, and differentially regulated in MS1 mouse endothelial cells and C1C12
mouse myoblasts, e.g. BMP6 and TGFβ1/2/3 induced phosphorylation of
SMAD1/5/8 and ID1 expression in the endothelial cells, but only induced phosphorylation of SMAD1/5/8, not ID1 expression, in the myoblasts. The latter may
explain why SMAD5 dysregulation affects hematopoietic hemangioblasts exclusively. Importantly we also found evidence of dysregulation of smad5 mRNA expression due to the presence of the IAP insertion; a splice variant of IAP-smad5 fusion mRNA is detected in RT-PCR reactions using an IAP-specific 5’ primer and a
3’ primer in exon 7 of the smad5 gene. The fusion mRNA is detected in all the hemangiosarcomas but not in control tissue from the same animal; it is also detected
in embryonic stem cells that harbor an IAP in the smad5 gene. These studies support the hypothesis that smad5 dysregulation in hematopoietic progenitor cells,
which suppresses endothelial cell differentiation, could contribute to the development of hemangiosarcomas in mice.

1980

SMAD5 AND ID1/ID3 PROTEIN EXPRESSION IN
SPONTANEOUS HEMANGIOSARCOMAS WITH A
INTRACISTERNAL A PARTICLE (IAP) INSERTION IN
THE SMAD5 GENE.

C. Cunningham, A. Nair, G. Wollenberg, C. Qin and R. D. Storer. Safety
Assessment, Merck Research Laboratories, West Point, PA.

1978

THE POTENTIAL ROLE OF ARYL HYDROCARBON
RECEPTOR NUCLEAR TRANSLOCATOR 2 IN
MOLECULAR RESPONSES TO XENOESTROGENS IN
HUMAN BREAST CANCER CELLS.

X. Qin1, 2, F. Wei3, H. Zaha1, J. Yoshinaga2, J. Yonemoto1, M. Tanokura3 and
H. Sone1. 1Research Center for Environmental Risk, National Institute for
Environmental Studies, Tsukuba, Ibaraki, Japan, 2Department of Environmental
Studies, University of Tokyo, Kashiwa, Chiba, Japan and 3Department of Applied
Biological Chemistry, University of Tokyo, Tokyo, Japan.
Recently, human studies found that the mRNA expression level of aryl hydrocarbon receptor nuclear translocator 2 (ARNT2), a member of the basic helix-loophelix Per-ARNT-SIM family of transcription factors, was positively associated with
the prognosis of breast cancer. In this study, we investigated the potential role of
ARNT2 in molecular responses to environmental chemicals with estrogenic activities, known as xenoestrogens, in MCF7 human breast cancer cells. Xenoestrogens,
such as bisphenol A, can significantly inhibit the mRNA expression of ARNT2 in
MCF7 cells. The xenoestrogen-mediated decrease in ARNT2 expression was attenuated after the addition of the specific estrogen receptor 1 (ESR1) antagonist, suggesting that ESR1 may play an important role in the mechanism by which xenoestrogens exert their effects on ARNT2 expression. Furthermore, the following
function analysis revealed that knockdown of ARNT2 mRNA expression using
small interfering RNA techniques significantly increased the expression of sensitive
to apoptosis gene and decreased the expression of von Hippel-Lindau in MCF7
cells. The metabolite analysis revealed the contents of glucose, glycine, betaine,
phosphocholine, pyruvate and lactate involved in the hypoxia-inducible factor
(HIF)-1-dependent glycolytic pathway were significantly decreased following
knockdown of ARNT2 expression. Our results suggested that exposure to xenoestrogens could affect human cells by impairing ARNT2 function, including dsyregulation of HIF-1-regulatory signaling and metabolism. This provides some concerns that xenoestrogens may reduce the natural defense of cells against cancer.
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Intracisternal A particle (IAP) sequences are endogenous retrovirus-like elements
that can disrupt gene expression, and serve as species-specific tumor susceptibility
factors in mice. A genotyping study found outbred CD-1 mice are heterogeneous
(+/+. +/-, or -/-) for an IAP insertion in the Smad5 gene, a key molecule in the
TGFβ/BMP signaling pathway, and all mice with hemangiosarcomas had at least
one copy of the insertion. TGFβ/BMP signaling pathways play roles as both inhibitors and stimulators of angiogenesis in endothelial cells. Inactivation of several
molecules in TGFβ/BMP signaling pathways have been shown to cause vascular abnormalities in gene knockout studies in mice, and in humans hereditary haemorrhagic telangiectasia (HHT) is caused by mutations in ALK1 or endoglin (co-receptor) genes. Since dysregulation of the BMP/TGFβ, ALK1, Smad5, and Id1/Id3
signaling pathways may play a role in vascular tumor development, we analyzed the
staining pattern, distribution, and intensity of Smad5, Id1, and Id3 in MS1 mouse
endothelial cells and in spontaneous hemangiosarcoma from p53-/- mice. Protein
expression of Smad5 was detected by western blot at the predicted MW of ~52
kDa; however, a variant of ~40 kDa was also detected in MS1 cells. The short variant protein may relate to the IAP insertion-induced deletion of exon 2, generating
a new translation start from an ATG in exon 3. Immunohistochemistry revealed cytoplasmic expression of Smad5 and nuclear expression of Id1/Id3 in hemangiosarcomas in skin and muscle. These data confirmed the presence of Smad5, Id1, and
Id3 in MS1 cells and in hemangiosarcoma tissue. Together with published data on
the role of endostatin and DLL4/Notch signaling in regulation of Id1 and its
downstream target, thrombospondin-1, our results provide further evidence that
dysregulation of molecules in the BMP/TGFβ signaling pathway leading to Id1 activation and thrombospondin-1 repression may play a key role in hemangiosarcoma
development.

1981

TAT-MEDIATED DELIVERY OF AN ARNTINTERACTING PEPTIDE INTO HUMAN HEPATOMA
CELLS CAUSES SUPPRESSION OF THE HYPOXIA
INDUCIBLE FACTOR-1 FUNCTION.

Y. Wang, J. Thompson and W. K. Chan. Pharmaceutics and Medicinal Chemistry,
University of the Pacific, Stockton, CA.
The aryl hydrocarbon receptor nuclear translocator (ARNT) belongs to the basic
helix-loop-helix Per-ARNT-Sim protein family. It heterodimerizes with the hypoxia
inducible factor-1 alpha (HIF-1α) under hypoxia; the heterodimer subsequently
triggers up-regulation of its target genes, which are essential for proper cancer cell
growth. In addition, overexpression of HIF-1α has been associated with poor prognosis in many solid tumors. Our previous data showed that transient transfection of
an ARNT-interacting peptide (Ainp1) expressing plasmid suppressed the HIF-1α
signaling by an ARNT-mediated mechanism in Hep3B cells. Here we further examined whether delivery of the Ainp1 peptide directly into cells would be effective
in suppressing the HIF-1α function. The bacterially expressed Ainp1 and TAT fusion of Ainp1 (TAT-Ainp1) were purified using 8M urea and then refolded by limited dialysis. Both Ainp1 and TAT-Ainp1 interacted with the basic helix-loop-helix
domain of ARNT. After protein transduction, TAT-Ainp1 reached the maximum
levels within two hours and remained detectable for up to 6 days in Hep3B cells.
TAT-Ainp1 suppressed the cobalt choride-dependent, HRE-driven luciferase expression in a dose-dependent manner. TAT-Ainp1 also suppressed the HIF-1α-dependent induction of the CAIX protein dose-dependently. TAT-Ainp1 caused the
Hep3B cell death in the presence of cobalt chloride. We concluded that the Ainp1
peptide is capable of suppressing the HIF-1α function in Hep3B cells. This work is
supported by NIH (WKC, R01ES014050).

1982

IMMUNOHISTOCHEMICAL CHARACTERIZATION OF
CELL PROLIFERATION-RELATED PROTEIN CHANGES
IN CAR-MEDIATED LIVER TUMOR DEVELOPMENT.

K. Inoue1, Y. Sakamoto1, K. Tamura1, M. Takahashi1, S. Matsuo1, S. Ozawa2,
A. Nishikawa1 and M. Yoshida1. 1Division of Pathology, National Institute of Health
Sciences, Tokyo, Japan and 2School of Pharmacy, Iwate Medical University, Iwate,
Japan.
Key proteins in the process of CAR-mediated non-genotoxic hepatocarcinogenesis
were evaluated by observing the expression of proliferation-related proteins in the
foci of cellular alterations/adenomas produced by CYP2B inducers (piperonyl butoxide (PBO), phenobarbital (PB) and decabromodiphenyl ether (DBDE)) in
C3H-derived wild and CARKO mice. Mice were treated with each chemical in diet
for 13 or 27 weeks after diethylnitrosamine initiation. Cyclin D1, c-Myc, TGFβ receptors (TGFβR) 1 and 2 and phosphorylated (p-)Smad2/3 were selected as cell
proliferation-related proteins. After 13 weeks, eosinophilic foci were found in the
wild PBO and PB groups, and basophilic foci were found in all groups including
the wild mice controls. Only one basophilic focus developed in one animal of the
CARKO control and PBO groups, respectively, at week 13. At week 27, PBO and
PB increased eosinophilic foci/adenomas in wild mice but drastically reduced/eliminated them in CARKO mice. DBDE increased basophilic foci/adenomas in both
genotypes. Immunohistochemically, cyclin D1 was positive in the cytoplasm and
some nuclei only in eosinophilic foci at week 13. At week 27, the number of cyclin
D1-positive nuclei had increased in the eosinophilic foci/adenomas, while it was
primarily the cytoplasm that was positive in basophilic lesions. At week 13, c-Myc
and TGFβRs were also strongly positive only in eosinophilic foci. The c-Myc signal
was much stronger in the eosinophilic lesions at week 27. TGFβRs and p-Smad2/3
were positive in both types of lesions, but p-Smad2/3 staining was stronger in the
basophilic lesions. These data suggest that cyclin D1 and c-Myc, which act downstream of CAR, might be involved in the development of eosinophilic lesions. In
addition, CAR might be related to the expression of TGFβRs in the early process of
hepatocarcinogenesis.

1983

ANALYSIS OF MOLECULAR, CELLULAR, AND
BIOCHEMICAL CHANGES IN THE LIVER OF MALE
CD-1 MICE TREATED WITH THE HERBICIDE
PRONAMIDE.

M. J. LeBaron1, M. R. Schisler1, H. L. Kan1, R. Sura1, D. L. Eisenbrandt2 and
B. B. Gollapudi1. 1The Dow Chemical Company, Midland, MI and 2Dow
AgroSciences, Indianapolis, IN.
To investigate potential modes of action (MoA) contributing to pronamide (3,5dichloro-N-(1,1-dimethyl-2-propynyl)benzamide)-induced hepatocellular tumors
at 250 mg/kg body weight/day (mkd), male CD-1 mice were fed 0, 5, 20, 250, or

500 mkd pronamide for 7, 14, or 28 days. Additional groups were given pronamide
for 28 days then switched to a control diet for 35 days to investigate recovery. No
alterations in clinical signs or body weight were noted in any of the treated groups.
Animals administered 250 or 500 mkd pronamide had statistically identified doserelated increases in liver weights, which corresponded to hepatocellular hypertrophy and cytoplasmic eosinophilia, and regressed during the recovery period.
Analysis of hepatocellular proliferation via BrdU incorporation indicated a clear
dose-related induction of S-phase DNA synthesis in animals treated with 250 or
500 mkd pronamide. Gene expression analysis of the liver indicated a robust, doserelated increase in Cyp2b10/CAR- and PPAR-α-associated transcripts, consistent
with direct activation of these nuclear receptors, but not AhR or PXR.
Furthermore, a dose-dependent increase in peroxisomes was identified in the 250
and 500 mkd dose groups, as determined by electron microscopy. Molecular and
histopathologic analyses for the above endpoints in the recovery group indicated reversibility and were comparable to control. In summary, pronamide-induced effects
are consistent with the causal, key events related to nuclear receptor-mediated rodent liver tumorigenesis, specifically by activation of the CAR and PPAR-α nuclear
receptors, and were reversible on removal of the test material. Moreover, these data
provided convincing evidence that key events and hepatocellular tumors do not
occur at or below 20 mkd. A Human Relevance Framework evaluation supports
that this nuclear receptor-mediated MoA for mouse liver tumors associated with
high doses of pronamide is not relevant to humans.

1984

MITOCHONDRIAL UNCOUPLING PROTEIN 3 (UCP3)
ANTAGONIZES EPIDERMAL TUMOR PROMOTION
AND GROWTH SIGNALING.

S. M. Nowinski1, J. E. Rundhaug2, O. Rho1, C. U. Lago3, J. Digiovanni1 and
E. M. Mills1. 1Division of Pharmacology and Toxicology, College of Pharmacy,
University of Texas at Austin, Austin, TX, 2Carcinogenesis, Science Park, Research
Division, University of Texas MD Anderson Cancer Center, Smithville, TX and
3Center for Molecular Medicine, National Heart, Lung, and Blood Institute, National
Institutes of Health, Bethesda, MD.
The propensity of tumors to exhibit increased glycolysis and decreased oxygen consumption compared to normal tissues is now considered a hallmark of malignancy.
In contrast, mitochondrial uncoupling proteins drive futile mitochondrial respiration that is uncoupled from ATP synthesis. Our lab previously demonstrated that
mice expressing a keratin 5 - uncoupling protein 3 (K5-UCP3) transgene in the
epidermis were completely protected from the formation of skin carcinomas in response to a two stage chemical carcinogenesis regimen. To explore the mechanisms
behind UCP3 induced cancer resistance, we inter-bred K5-UCP3 animals with
Tg.AC mice that express a cutaneous oncogenic v-Ha-Ras transgene, allowing us to
distinguish between effects of UCP3 over-expression on tumor initiation and
tumor promotion. Whereas Tg.AC mice formed tumors in response to treatment
with the tumor promoter 12-O-tetradecanoylphorbol-13-acetate (TPA) alone, bigenic K5-UCP3/Tg.AC animals were protected from TPA-induced tumorigenesis,
indicating that UCP3 likely inhibits tumor promotion. Moreover, K5-UCP3 mice
exhibited a striking resistance to epidermal proliferation induced by TPA as measured using a bromodeoxyuridine (BrdU) based labeling assay. In agreement with
these data, K5-UCP3 epidermis failed to show activation of Akt (Ser473 phosphorylation) and phosphorylation of downstream signaling molecules in response to
TPA treatment. This effect corresponded to decreased expression of cyclins D1 and
A, and increased expression of the cell cycle inhibitory proteins p21 and p27. Taken
together, these data suggest that mitochondrial uncoupling can have pleiotropic inhibitory effects on cell growth and proliferation, and is a promising new avenue for
cancer prevention research.

1985

OVEREXPRESSION OF UBIQUITIN C INHIBITS
EXACERBATED CHEMICALLY-INDUCED SKIN
TUMORIGENESIS IN PPARβ/δ MICE.

S. Kang1, 2, B. Zhu2, L. K. Markell2, P. Krishnan2, N. E. Torsell2, F. J.
Gonzalez3 and J. M. Peters2. 1Biology, Pennsylvania State University, University
Park, PA, 2Veterinary and Biomedical Science, Pennsylvania State University,
University Park, PA and 3Laboratory of Metabolism, National Cancer Institute,
Bethesda, MD.
Previous studies have shown that 12-O-tetradecanoylphorbol-13-acetate (TPA) induces expression of ubiquitin C (UbC) in wild-type mouse skin but not in
Pparβ/δ-null mice. Further, Pparβ/δ-null mice exhibit enhanced skin carcinogenesis due in part to decreased UbC mediated degradation of PKCα. The present studies tested the hypothesis that increased expression of UbC in Pparβ/δ-null mice
could reverse the enhanced tumor formation in Pparβ/δ-null mice. A tetracycline
inducible transgenic mouse model in which UbC expression is driven by the keratin 5 promoter was generated and crossed with either wild-type or Pparβ/δ-null
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mice. Consistent with the previous studies, the onset of tumor formation was
sooner, and Pparβ/δ-null mice exhibited increased tumor multiplicity and size
compared to wild-type mice. While overexpression of UbC had no effect on tumor
onset or incidence in either wild-type or Pparβ/δ-null mice, it decreased tumor
multiplicity and size in Pparβ/δ-null mice. These effects may be due to increased
ubiquitin-dependent turnover of oncogenes. Results from these studies suggest that
PPARβ/δ-dependent regulation of UbC is important for PPARβ/δ-dependent
chemoprevention in skin. (Supported by CA124533, CA126826, CA141029,
CA140369).

diated downregulation of Sp proteins decreased expression of STAT3 and its downstream pathways including mRNA and miRs that are involved in cancer cell growth
and inflammation.

1988

COLON CANCER STEM CELL MARKERS ARE
MODULATED BY SP (SPECIFICITY PROTEIN)
TRANSCRIPTION FACTORS.

G. Chadalapaka, I. Jutooru, B. Zhou and S. Safe. TAMU, College Station, TX.

1986

CANNABINOIDS INDUCE PHOSPHATASES AND
DECREASE EXPRESSION OF PRO-ONCOGENIC
PHOSPHO-EIF4E IN COLON AND PROSTATE CANCER
CELLS.

S. Sreevalsan1 and S. Safe1, 2. 1VTPP, Texas A & M University, College Station, TX
and 2Institute of Biosciences and Technology, Texas A&M Health Science Center,
Houston, TX.
The phosphorylated form (serine-209) of the eukaryotic translational initiation factor eIF4E exhibits pro-oncogenic activity and plays a critical role in cancer cell
growth, transformation and metastasis. Ongoing studies in this laboratory demonstrate that the anticancer activity of several agents is accompanied by induction of
multiple phosphatases and some of the effects of these drugs are blocked by the
phosphatase inhibitor sodium orthovanadate (SOV). For example, treatment of
SW480 colon and LNCaP prostate cancer cells with synthetic cannabinoid WIN55-212 (WIN) (7.5 uM) and 15 uM cannabidiol (CBD) inhibit cancer cell growth,
induce apoptosis and multiple phosphatase genes and this was accompanied by decreased expression of several phospho-kinases and also phospho-eIF4E, in both cell
lines. Treatment of SW480 cells with WIN or CBD alone decreased levels of phospho-eIF4E protein and co-treatment with 0.35 mM SOV significantly blocked
cannabinoid-induced dephosphorylation of phospho-eIF4E. In contrast SOV did
not block cannabinoid-induced dephosphorylation of phospho-eIF4E in LNCaP
cells. Protein phosphatase 2A (PP2A) has previously been linked to dephosphorylation of both eIF4E and Mnk-1, an upstream kinase that catalyzes phosphorylation
of eIF4E. Treatment of SW480 cells with 7.5 uM WIN and knockdown of PP2A
by RNA interference block dephosphorylation of phospho-eIF4E; however, the effects of CBD on dephosphorylation of phospho-eIF4E were PP2A- independent.
Using a similar approach in LNCaP cells we showed that WIN and CBD also induced dephosphorylation of phospho-eIF4E but this response was not affected by
PP2A knockdown. Ongoing studies are focused on characterizing other cannabinoid induced phosphatases required for dephosphorylation of phospho-eIF4E and
their role in the antitumorigenic activity of cannabinoids, and other anticancer
drugs.

1987

STAT3 REGULATION BY SP TRANSCRIPTION
FACTORS IN PANCREATIC CANCER CELLS.

I. D. Jutooru, G. Chadalapaka and S. Safe. TAMU, College Station, TX.
Signal Transducer and Activator of Trancription 3 (STAT3) is constitutively activated in most cancer types including pancreatic cancer and plays a significant role
in cancer cell survival and inflammation. There is limited data on regulation of
STAT3, however, several cis-elements such as CRE/ATF, SBE and GC boxes are involved in STAT3 gene expression and specificity proteins (Sp) Sp1, Sp3 and Sp4
bind and activate GC-rich promoters and regulate genes involved in cell growth,
angiogenesis and metastasis. We investigated the effects of individual knockdown of
Sp1 (iSp1), Sp3 (iSp3), and Sp4 (iSp4) and their combination (iSp) on expression
of phospho-STAT3 (p-STAT3) and STAT3 proteins in Panc28 and L3.6pL pancreatic cancer cells. Transfection of Panc28 and L3.6pL cells with iSp1 or iSp4 significantly decreased expression of pSTAT3 and STAT3 but iSp3 had no effect on
STAT3 expression. The effect of combined knockdown (iSp) of all 3 Sp proteins
was more effective than individual Sp knockdown in both cell lines. Compounds
that degrade Sp proteins such as betulinic acid (BA), a naturally occurring pentacyclic triterpenoid are highly effective anticancer agents. In this study we observed
that 10-25 μM BA not only inhibited cell proliferation but also decreased expression of both p-STAT3 and STAT3 in Panc28 and L3.6pL cells. BA and iSp also decreased expression of STAT3-regulated genes such as cyclin D1 and VEGF and luciferase activity of STAT3 promoter. Results from chromatin immunoprecipitation
show that Sp1 binds to STAT3 promoter and the binding activity is decreased after
treatment of L3.6pL cells with BA (25 μM) for 12 hr. STAT3 is also involved in
transcriptional regulation of several pro-oncogenic microRNAs (miRs) such as
miR-21, 181b-1 in breast and miR-17 in lung cancer cells and knockdown of Sp
proteins (iSp) decreased both STAT3-regulated miR-21 and 181b-1 in Panc28 and
L3.6pL cells. Similar results were observed with BA. These data show that BA-me-
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Emerging evidence indicates that colon cancer stem cells (CSCs) are responsible for
chemo-resistance and metastasis. Previous studies support the essential role of
specificity protein (Sp) transcription factors as important therapeutic targets in
colon cancer due to their overexpression in colon cancer cells and minimal expression in nontumor tissue. Sp proteins also have a functional role in expression of
critical genes required for tumor survival, growth, inflammation and angiogenesis.
Earlier reports have identified novel drugs derived from phytochemicals that decrease Sp transcription factors in pancreatic and colon cancer cell types. One of
these drugs methyl 2-cyano-3,11-dioxo-18 -olean-1,12-dien-30-oate (CDODAMe), a triterpenoid is found in licorice extracts. The anticancer effects CDODAMe on Sp1, Sp3 and Sp4 proteins and Sp regulated genes was investigated in a
panel of 4 colon cancer cells, SW480, RKO, HCT116 and HT29. Initial studies
focused on the expression of several cancer stem cell marker proteins and the ability
to form stem cell-enriched spheres. Results show that only HT29 colon cancer cells
form spheres which exhibited several cancer-stem-cell markers including increased
expression of CD44, CD105, CD133, aldehyde dehydrogenase (ALDH1). HT29
cells formed significant number of primary and secondary spheres. The results with
HT29 cells are characteristic of a population enriched in colon cancer stem cells.
Results also show that CDODA-Me decreased HT29 adherent cell survival, expression of Sp1, Sp3 and Sp4 proteins, and sphere formation. In the same cell line,
CDODA-Me also decreased CD44, CD105 and ALDH1 expression which are
cancer stem cell markers. Preliminary data using RNA interference studies suggests
that the CD44 stem cell marker is also an Sp-regulated gene in HT29 cells. These
results suggest that colon cancer stem cells also overexpress Sp1, Sp3 and Sp4 proteins that can be targeted by anticancer agents. The anticancer activity of CDODAMe and Sp protein knockdown and effects on other cancer stem cell markers and
sphere forming ability are currently being investigated.

1989

NRF-1 CONTRIBUTES IN ESTROGEN-INDUCED
BREAST CARCINOGENESIS.

A. Deoraj, V. Okoh and D. Roy. Environmental and Occupational Health, Florida
International University, Miami, FL.
Nuclear Respiratory Factor (NRF-1) is a redox sensitive transcription factor. The
expression of 15-20% genes influenced by 17β-estradiol (E2) in breast cancer cells
contains the binding sites for NRF-1. However, the role of NRF-1 in E2-mediated
growth of breast cancer is unclear. The aim of this study is to test the effects of
NRF-1 overexpression on the growth, migration and tumor formation of breast
cancer cells. We have generated MCF-7 stable cell line with NRF-1 overexpression
(MCF-7-NRF-1-OX). Stable expression of NRF-1 protein in MCF-7 cells was detected by western blot analysis and confocal fluorescence microscopy. Stable cells
showed several fold higher NRF-1 expression compared to cells with vector alone.
BrDu incorporation was the highest in stable cells with NRF-1 overexpression compared to cells with vector only control group. E2 treatment increased colony formation in MCF-7 cells with NRF-1 overexpression compared to cells containing vector. NRF-1 overexpression also increased in vitro cell migration and cancer cell
aggregation. In summary, these data suggest that NRF-1 plays a role in regulating
the proliferation, migration and in vitro tumor formation of breast cancer cells.

1990

IDENTIFICATION OF NOVEL AHR TARGET GENES
ASSOCIATED WITH METASTATIC PHENOTYPE OF
HEAD AND NECK SQUAMOUS CELL CARCINOMA
LINES.

G. H. Perdew1 and K. John1, 2. 1Center for Molecular Toxicology and Carcinogenesis,
The Pennsylvania State University, State College, PA and 2DuPont Haskell Global
Centers for Health and Environmental Sciences, Newark, DE.
The aryl hydrocarbon receptor (AHR) has been implicated in the enhancement of
cellular proliferation and invasive behavior of head and neck squamous cell carcinoma lines. We therefore hypothesized AHR antagonism to mitigate the ‘aggressive’
phenotype of these cells. Here, we employed Affymetrix Human Genome 133 Plus
2.0 arrays to examine putative AHR targets involved in cancer cell metastasis and

invasiveness. Two malignant head and neck tumor cell lines, OSC19 and HN30,
were subjected to one of the following treatment regimes for 24h: control, 2,3,7,8tetrachlorodibenzo-p-dioxin (TCDD; 10 nM), a potent AHR agonist or
CH223191, an AHR antagonist (500 nM). The greatest number of genes were altered by CH223191 compared to TCDD. Genes involved in various processes such
as xenobiotic metabolism, apoptosis, signal transduction, angiogenesis and cellular
proliferation were altered significantly. Notable among these was Angiopoietin-like
4 (ANGPTL4), an adipocytokine, and RUNX2, an osteoblast differentiation factor
both documented to be involved in various cancers. HAS3, involved in the production of hyaloronan and platelet derived growth factor A (PDGFA) implicated in
cancers of the breast, prostate and pancreas, were also significantly up-regulated by
TCDD, but mitigated by CH223191. Matrix metalloproteases (MMP1), epiregulin (EREG) and fibroblast growth factor (FGF2) were other significantly altered
putative AHR target genes. Real time PCR analysis of these gene targets revealed a
high level of correlation, with microarrays, for both OSC19 (r2 = 0.96-0.99) and
HN30 (r2 = 0.91-0.99). Pathway analysis to map significantly altered genes with
the perturbation of canonical pathways and/or diseases and functions was also carried out. These studies point to certain previously unknown targets influenced by
AHR, the regulation of which may represent a novel strategy to reduce the highly
metastatic phenotype of these cells.

growth inhibitory effects of the curcumin and EGCG in combination with 5-aza2dC(5 μM) was measured by MTT (3-(4, 5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)assay. Two concentrations of curcumin (5μM, 10 μM) and
EGCG (50 μM, 100 μM) were tested. The cells were exposed to the compounds
for 72 hours following a single administration .Cytotoxicity data revealed differential response of the compounds in the cell lines. MDA-MB 231 cells show synergistic effect of curcumin and EGCG with 5-aza-2’deoxycytidine as compared to their
individual treatments. In MCF-7 cell lines, we did not see a significant synergistic
effect of EGCG and Curcumin with 5-aza-2’deoxycytidine in inhibiting cell growth
.The cell cytotoxicity data was further confirmed by flow cytometry-based cell cycle
analysis. The findings of this study suggest that there is a synergistic cytotoxic effect
of EGCG and Curcumin with 5-aza-2’deoxycytidine in breast cancer cells .Further
gene expression and DNA methylation studies are required to determine the mechanisms involved.

1993

THE EFFECTS OF BENZO(A)PYRENE ON THE P53
FUNCTION IN LUNG EPITHELIAL CELLS.

W. Zhu and W. Gao. The Institute of Environmental and Human Health, Lubbock,
TX.

1991

CHARACTERIZATION OF HEPATOCELLULAR
CARCINOMA-RELATED GENES AND METABOLITES
IN HUMAN NONALCOHOLIC FATTY LIVER DISEASE.

J. Clarke1, P. Novak1, A. D. Lake1, P. Shipkova2, N. Aranibar2, D. Robertson2,
M. D. Reily2, L. D. Lehman-McKeeman2 and N. J. Cherrington1. 1Pharmacology
and Toxicology, University of Arizona, Tucson, AZ and 2Bristol-Myers Squibb, Inc,
New York, NY.
The worldwide prevalence of nonalcoholic fatty liver disease (NAFLD) and nonalcoholic steatohepatitis (NASH), the most advanced stage of NAFLD, are estimated
to range from 9-37% and 5-17%, respectively. Hepatocellular carcinoma (HCC),
the third most common cause of cancer related deaths worldwide, is primarily
caused by hepatitis B infection, but retrospective data suggest that 4-27% of NASH
cases will progress to HCC. Currently the connection between NASH and HCC is
unclear. The purpose of this study was to identify expression changes of HCC related genes and metabolite profiles in NAFLD. Transcriptomic and metabolomic
datasets from human liver tissue representing NAFLD progression (normal, steatosis, NASH) were utilized. For expression data, genes were divided into functional
classes involved in carcinogenesis. Several classes of genes were over represented as
upregulated in NASH that have also been reported to be upregulated in HCC.
These include angiogenesis and fibrosis genes such as platelet derived growth factors and their receptors, and extracellular matrix and cell adhesion genes such as
collagens, laminins and integrins. In contrast, genes involved in Wnt signaling and
iron homeostasis were downregulated in NASH but have been reported to be upregulated in HCC. In the metabolomics analysis of hepatic NAFLD samples, several changes were opposite to what has been reported in plasma of HCC patients.
In contrast, multiple acyl-lyso-phosphatidylcholine metabolites were down-regulated in NASH livers, consistent with observations in HCC patient plasma. These
data indicate an overlap in the pathogenesis of NAFLD and HCC where several
classes of HCC related genes and metabolites are altered in NAFLD. Importantly,
there are also distinct differences, implicating these genes and metabolites as potential mediators in the transition from NASH to HCC.

1992

EFFECT OF CURCUMIN AND EPIGALLOCATECHIN
GALLATE IN COMBINATION WITH DEMETHYLATING
AGENT, 5-AZA-2’DEOXYCYTIDINE IN BREAST
CANCER CELL GROWTH INHIBITION.

T. Tyagi and K. P. Singh. Environmental Toxicology, The Institute of Environmental
and Human Health, Texas Tech University, Lubbock, TX.
Several studies have shown epigenetic changes like DNA methylation and histone
modification to be commonly linked with cancer development. Recent findings
have found hypermethylation of tumor suppressor, DNA repair (MMR-mediated
apoptosis) and apoptotic genes, resulting in therapeutic resistance in cancer cells.
Hence demethylation of tumor suppressor, DNA repair, and apoptotic genes may
inhibit cancer proliferation and induce cell death in cancer cells. Therefore, the objective of this study was to test the efficacy of natural products with known anticancer properties, such as, Curcumin and Epigallocatechin gallate (EGCG), a green
tea polyphenol in combination with the demethylating agent, 5-aza-2’deoxycytidine (5-Aza-2dC) in inhibiting breast cancer cell growth. Using two breast cancer
lines MCF-7(estrogen dependent) and MDA-MB 231(estrogen independent), the

Smoking cigarette increases the incidence of lung cancer. Benzo(a)pyrene (BaP) is
one of the most abundant tobacco carcinogens, however its mechanism for lung
carcinogenesis is still not clear. The objectives of this study were to exam the BaP
cytotoxic effect on normal lung epithelial cell, BEAS-2B, and to evaluate the p53
expression changes after BaP exposure. Cytotoxicity was measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Multi-blot was
used to screen the proteins involved in p53 signals. Western blot was performed to
assess whether the effects were dose-dependent. BEAS-2B cells were treated with 080 μM BaP for 4-72 h. The inhibition effects of BaP on BEAS-2B cells were timeand dose- dependent (p < 0.05). Based on the cytotoxic data, 20 μM of BaP were
selected to treat BEAS-2B for 72 h for protein analysis. A total of nine different
proteins involving in p53 function including total and phopsho-p53 (phosphoSer15 and Thr55), p53 nucleocytoplasmic shuttling factors (CRM1, Ran, RCC,
and transportin1), and p53 downstream targets (p21 and surviving) were screened
by multi-blot. Our data revealed that only phospho-p53 (Ser15) and p21 expression level were significantly up-regulated after BaP exposure as compared to the
control (p<0.05). According to cytotoxicity assay and multi-blot test, 1, 5, and 20
μM of BaP and 0.05% DMSO (vehicle control) were chosen to treat BEAS-2B for
72 h. It showed a dose-response effect of up-regulation of phospho-p53 (Ser15) and
p21 after BaP exposure as compared to the control (p<0.05). These results suggest
that BaP could reduce cell viability possibly through increasing phosphor-p53
(Ser15) level and p21 expression. Further experiments are being pursued to elucidate the role of these protein(s)/pathway(s) in BaP transformed BEAS-2B cells.
Findings of this study will facilitate the understanding of lung carcinogenesis after
BaP exposure.

1994

1, 4-BENZOQUINONE-MEDIATED HISTONE
MODIFICATIONS AND BENZENE MYELOTOXICITY.

C. Kuhlman1, G. Tsaprailis1, D. R. Petersen2, T. J. Monks1 and S. S. Lau1.
1Southwest Environmental Health Science Center, Department of Pharmacology and
Toxicology, University of Arizona, Tucson, AZ and 2Department of Pharmacology
Science, University of Colorado, Denver, CO.
Redox-active and electrophillic quinone metabolites of benzene contribute to its
myelotoxic effects, though the mechanism of carcinogenesis remains elusive.
Administration of hydroquinone (HQ) and phenol (PHE) to rats reproduces benzene myelotoxicity. HQ oxidizes to 1,4-benzoquinone (1,4-BQ) and in the presence of glutathione (GSH) gives rise to multi-GSH substituted conjugates, which
are present in bone marrow of rats or mice following PHE/HQ administration.
HQ-GSH conjugates retain the ability to adduct proteins and to redox cycle. We
now report that bone marrow malondialdehyde levels in PHE/HQ treated rats are
15-fold higher than controls, indicative of lipid peroxidation and generation of reactive electrophilic aldehydes, such as 4-hydroxy-2-nonenal (4HNE). Moreover,
proteomics profiling revealed that many proteins were modified following exposure
to PHE/HQ. Of particular interest, 14-3-3 was adducted by both 4HNE and HQGSH. 14-3-3 is a histone deacetylase inhibitor, and silencing/down regulation of
14-3-3 occurs in cancers of the lung, bladder, and liver. Adduction of 14-3-3 following exposure to benzene may cause chromatin remodeling abnormalities and genomic instability. Furthermore, metabolites of benzene bind selectively to the histone fractions of rat bone marrow cells. Damage to histone proteins could alter
DNA folding and packaging and assist in the generation of DNA strand breaks. To

SOT 2012 ANNUAL MEETING

429

elucidate potential binding sites on histones by 1,4-BQ, in vitro reactions of core
histone proteins with 1,4-BQ revealed a K20-BQ adduct on histone H1.03.
Because this lysine is commonly acetylated, 1,4-BQ adduction at this specific site
could lead to improper histone-histone linkages and genomic instability. 1,4-BQand 4HNE-induced functional alterations in histone H1 and 14-3-3 as well as the
consequences thereof in benzene-induced leukemia are currently under investigation. (Supported by P30ES006694, RO1GM070890, Sci. Found. of AZ,
T32ES007091).

1995

PENTOXIFYLLINE DECREASES CYCLIN D1 THROUGH
PROTEOSOMAL DEGRADATION AND ARRESTS
RENAL CANCER CELLS IN THE G1 PHASE.

N. Mastrandrea, K. Tham, W. Cai, T. Monks and S. Lau.
Pharmacology/Toxicology,, Tucson, AZ.
Cyclin D1 is required for cells to progress from the G1 phase into the S phase of the
cell cycle. Several tumors display elevations in cyclin D1 protein, concomitant with
increased cell cycle progression and proliferation. QTRRE cells, a rodent cell model
for renal cell carcinoma, are derived from the Eker rat (Tsc-2EK/+) which bears a
germline mutation in the tuberous sclerosis-2 (Tsc-2) tumor-suppressor gene.
QTRRE cells undergo spontaneous and chemically induced loss of heterozygosity
and become tumorigenic when injected into nude mice. QTRRE cells also display
elevated cyclin D1 protein levels. Pentoxifylline (PTX), a competitive non-specific
phosphodiesterase inhibitor, has found recent use as an adjunct in chemotherapy
for patients to help treat cachexia and capillary leak syndrome. We now report that
PTX causes a time- (1-24 hr) and dose-dependent (35 μM - 3.5 mM) decrease in
cyclin D1 protein levels. Subsequent analysis by RT-PCR revealed no significant
changes in cyclin D1 mRNA suggesting that the PTX-mediated decrease in cyclin
D1 protein are not regulated at the transcriptional level. However, PTX’s ability to
decrease cyclin D1 protein was abolished in the presence of a proteasome inhibitor,
MG-132 (10μM). Consistent with decreases in cyclin D1, flow cytometric analysis
revealed that 24hr PTX-treated QTRRE cells undergo cell enhanced cycle arrest in
the G1 phase (85.9% relative to 50.6% in controls). Collectively the data suggest
that PTX decreases cyclin D1 protein levels by stimulating proteosomal degradation, which promotes G1 phase cell cycle arrest in QTRRE cells. Moreover, because
our findings reveal a novel anti-cancer chemotherapeutic property of PTX, the utility of PTX as an adjuvant therapy in the treatment of cancer, especially in tumors
characterized by increases in cyclin D1 expression, should be further explored. The
molecular mechanism underlying this effect of PTX is being investigated.
(AstraZeneca Studentship, T32ES016652, P30ES006694).

1996

LOSS OF PPARγ IN ADIPOCYTES CREATES A
PROTUMOURIGENIC ENVIRONMENT.

G. Skelhorne-Gross1, A. J. Apostoli1, N. Peterson1, R. Rubino1, M. Schneider1,
S. SenGupta1 and C. Nicol1, 2. 1Pathology and Molecular Medicine, Queen’s
University, CRI, Kingston, ON, Canada and 2Division Of Cancer Biology &
Genetics, Queen’s University, CRI, Kingston, ON, Canada.
One in 28 women currently dies from metastatic breast cancer. Improved understanding of genetic and environmental risk factors may aid in preventing deaths
due to breast cancer. Previously, we showed using peroxisome proliferator-activated
receptor (PPAR)γ heterozygous (+/-) mice that PPARγ normally stops the in vivo
progression of 7,12-dimethylbenz[a]anthracene (DMBA)-mediated breast tumours. Since PPARγ is expressed in adipocytes (A) and many cell types associated
with breast tissue, each with unique signal patterns, we have also shown that A-specific deletion of PPARγ enhances susceptibility to DMBA-induced breast tumourigenesis. Here, we hypothesized PPARγ-A KO mice are more susceptible to multirisk factor (DMBA+ protumourigenic high fat (proHF)) diet-mediated breast
tumourigenesis. To do this, we used previously generated PPARγ-A KO mice
(n=11), and wild-type controls (WT) (n=25) treated with 1 mg p.o. DMBA
once/week for 6 weeks, maintained on a proHF diet and monitored them for tumour outcomes for 25 weeks. Interestingly, overall survival was significantly reduced for PPARγ-A KO vs WT mice (respective median survival week 5.5 vs 17,
p<0.01). The exquisite sensitivity of PPARγ-A KO mice to DMBA+proHF precluded breast tumourigenic evaluation. Nevertheless, serum analysis revealed that
pro-tumourigenic leptin expression was 22.8% higher in PPARγ-A KO vs WT
mice (p=0.05), and QRT-PCR showed that BRCA1 RNA expression was reduced
10-fold in PPARγ-A KO mice (p<0.01). Cell-specific immunofluorescent analysis
of mammary glands indicated that BRCA1 reduction was specific to stromal
adipocytes of PPARγ-A KO mice. Collectively, this data is the first to suggest that
adipocyte-specific PPARγ protects against death associated with exposure to
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DMBA+proHF. Further, PPARγ activation within adipocytes may, in part, prevent
breast tumourigenesis by maintaining reduced circulating levels of leptin and elevated levels of the breast tumour suppressor BRCA1.

1997

DEVELOPING A 3D CELL CULTURE MODEL OF
DUCTAL CARCINOMA IN SITU.

M. A. Carroll-Turpin1, S. Crooks1, S. Zhang2, J. Mathis3 and H. KleinerHancock1. 1Pharmacology, Louisiana State University Health Sciences Center
Shreveport, Shreveport, LA, 2Pathology, Louisiana State University Health Sciences
Center Shreveport, Shreveport, LA and 3Cellular Biology and Anatomy, Louisiana
State University Health Sciences Center Shreveport, Shreveport, LA.
Purpose: To create a 3D model of human breast cancer progression in vitro in order
to identify (1) molecular changes that occur in progression, (2) environmental toxicants that may stimulate progression, and (3) potential therapeutic targets for
chemoprevention. Such a model is necessary because traditional 2D cell culture
does not adequately represent the physiological factors that contribute to cancer development and progression. The bi-potent human breast cell line
MCF10DCIS.com develops ductal carcinoma in situ (DCIS) in a mouse xenograft
model. Hypothesis: We hypothesized that the DCIS.com cells would respond to a
combination of growth factors and organize into 3D structures in a collagen matrix. Methods: A base layer of collagen type I was laid down in the wells of 6 well
tissue culture plates, topped with a collagen-DCIS.com suspension, followed by
media. One week after plating, the growth factors CXCL12 (SDF-1) and TGFβ
were added to the growth medium at every media change. Cell aggregation, including stellate structures and/or branching duct-like networks, was observed via light
microscopy over the course of 1-2 weeks. Results: Immunohistochemical analyses
confirmed the presence of both luminal and myo-epithelial cells the 3D/collagen
culture. Cytokine arrays revealed that the DCIS.com/3D collagen culture in the
presence of growth factors secreted IL5 and IL6, whereas controls in the absence of
growth factors did not. Also, exposure to the growth factors in 3D culture significantly increased the expression of 23 genes associated with extracellular matrix and
adhesion compared to controls. Conclusion: Under the unique 3D culture conditions developed in our lab, we have demonstrated that the growth factor combination stimulates the DCIS.com cells to organize into duct-like structures.
Pathological analysis is underway to verify that these structures do indeed recapitulate human breast cancer progression.

1998

DISTINCT CYTOCHROME P450 REGULATION BY PAH
MIXTURES IN MOUSE SKIN: INSIGHTS ON
CARCINOGENIC MECHANISMS FROM
TRANSCRIPTIONAL PROFILING OF TUMOR
INITIATION.

S. C. Tilton1, L. K. Siddens2, S. K. Krueger2, A. Larkin2, K. M. Waters1, D. E.
Williams2 and W. M. Baird2. 1Pacific Northwest National Laboratory, Richland, WA
and 2Oregon State University, Corvallis, OR.
The polycylic aromatic hydrocarbons (PAHs) benzo[α]pyrene (BAP) and
dibenzo[def,p]chrysene (DBC) produce tumors in mouse skin, lung, liver and
breast and were recently elevated to Class 1 known and Class 2A probable human
carcinogens, respectively. However, most human PAH exposures result from chemical mixtures of multiple PAHs. Currently, little is known about the relative potency, carcinogenic potential and mechanisms of tumorigenesis for PAH mixtures.
In this study, we measured gene expression profiles in skin of FVB/N mice collected
12 hours after initiation with BAP, DBC or 1 of 3 PAH mixtures (diesel exhaust,
coal tar and cigarette smoke condensate). Overall, 922 probes were significantly
(p<0.05) regulated compared to control across the study. Transcriptional signatures
were determined for each PAH treatment and compared to tumor outcome to
identify the molecular changes responsible for the earliest events of carcinogenesis.
Exposure of this mouse model to PAHs following a two-stage initiation/promotion
skin tumor protocol resulted in tumor incidence and multiplicity profiles of
DBC>>BAP=Mix2=Mix3>Mix1=Control, based on statistical significance. The
tumor profile was used to identify gene clusters and pathways that appropriately
classify the PAH treatments based on tumor outcome. Transcription factor analysis
of the predictive gene clusters further allows for identification of the upstream regulatory events associated with carcinogenesis. Of particular interest was a cluster of
arylhydrocarbon receptor transcriptional targets, including Cyp1a1 and Cyp1b1,
that were strongly up-regulated by BAP, Mix 2 and Mix 3 (p<0.01), but moderately
down-regulated by DBC in skin at 12 hours. These data provide a ‘source-to-outcome’ model that may be used to predict PAH interactions during tumorigenesis
and provide mode-of-action based risk assessment of environmental PAH mixtures.
Supported by P42_ES016465, P42_ES016465-S.

1999

THE ROLE OF ALDH1B1 IN ALCOHOL METABOLISM
AND COLON CANCER.

S. Singh1, Y. Chen1, A. Matsumoto1, J. Peters2 and V. Vasiliou1. 1Department of
Pharmaceutical Sciences, University of Colorado AMC, Aurora, CO and 2Department
of Veterinary and Biomedical Sciences, Pennsylvania State University, University Park,
PA.
Aldehyde dehydrogenases (ALDHs) are a group of NAD(P)+-dependent enzymes
involved in the metabolism of a wide spectrum of aliphatic and aromatic aldehydes.
ALDH1B1 is a mitochondrial homotetrameric enzyme, which is 65% and 72%
identical to ALDH1A1 and ALDH2 proteins, respectively. Our in vitro studies
have shown that human ALDH1B1 metabolizes acetaldehyde with an apparent
Km of 55 μM, indicating an important role of this protein in alcohol metabolism.
We have recently shown that ALDH1B1 expression in normal colon is sparse and
confined to the crypt base where stem cells reside; whereas ALDH1B1 is extensively
expressed in cancer cells of human colonic adenocarcinormas. Similar upregulation
of ALDH1B1 was also observed in colon tumors from the multiple intestinal neoplasia (MIN) mice. These findings suggest a potential role of ALDH1B1 in colon
carcinogenesis. To assess the in vivo role of ALDH1B1, we have generated transgenic Aldh1b1(-/-) null mice, in which the entire coding region of Aldh1b1 gene
has been deleted. Aldh1b1(-/-)mice are fertile and have a normal growth pattern.
ALDH1B1 messenger and protein were undetectable in examined tissues, including liver, colon, and small intestine. We also examined expression of ALDH2 and
ALDH1A1 in these organs and did not find compensatory upregulation of these
isozymes. Ethanol pharmacokinetics following a single injection of ethanol (i.p. 5
g/kg) did not reveal any significant differences between Aldh1b1(+/+) and
Aldh1b1(-/-) mice. Further studies using the Aldh1b1(-/-) knockout mice that include comprehensive ethanol pharmacokinetics, alcohol drinking preference, and
experimental colon carcinogenasis are currently underway in order to determine the
role of ALDH1B1 in alcohol metabolism and colon cancer. This work is partially
supported by NIH grants R01 EY011490 and R21AA017754.

2000

LATE-ONSET GENE EXPRESSION CHANGES IN THE
LIVERS OF MALE C3H MICE MATERNALLY EXPOSED
TO ARSENIC: IMPLICATIONS FOR AN INCREASE IN
HEPATIC TUMOR INCIDENCE.

K. Nohara1, 2, Y. Tateishi1, T. Suzuki1, H. Murai1, S. Takumi1, K. Okamura1, 2,
F. Maekawa1, N. Nishimura1 and T. Ito3. 1National Institute for Environmental
Studies, Tsukuba, Japan, 2Graduate School of Life and Environmental Sciences,
University of Tsukuba, Tsukuba, Japan and 3Kumamoto University Graduate School
of Medical Sciences, Kumamoto, Japan.
Maternal arsenic exposure of C3H mice has been reported to increase hepatic tumors in male offspring (F1 mice) at 74 weeks-old. In order to characterize changes
leading to tumor augmentation, we investigated gene expression changes in the F1
mice non-tumorigenic livers caused by gestational arsenic exposure. We also investigated L1 retrotransposon expression, which has been reported to be associated
with chemical tumor promotion. We observed increased hepatic tumors in the arsenic-exposed mice at 74 weeks-old as previously reported. Microarray and realtime PCR analysis revealed that more than 2-fold expression changes were induced
in four genes in the non-tumorigenic livers of the arsenic-exposed mice compared
to the control mice at 74 weeks-old. To trace the time course, expression changes of
the four genes were also checked at 6 and 49 weeks-old. No significant changes
were observed at 6 weeks-old, and two were detected at 49 weeks-old, indicating
that the changes are late-onset. Among the four genes, one is implicated in apoptosis and another is involved in lipid metabolism. Changes in lipid metabolism are
expected to increase oxidative stress. Consistently, the oxidative stress responsible
gene HO-1 was significantly up-regulated in non-tumorigenic livers as well as the
normal tissues in tumor-bearing livers in the arsenic-exposed mice compared to the
control mice. We also found that L1 expression was significantly increased in the
tumorigenic livers from arsenic-treated mice compared to control mice. The involvement of late-onset gene expression changes and augmented L1 expression
should be further investigated to delineate the mechanism of tumor promotion
caused by gestational arsenic exposure.

2001

EFFECT OF STABLE OVEREXPRESSION OF PPARβ/δ IN
HUH7 CELLS.

G. Balandram1, P. P. Albrecht1, C. H. Ferry1, M. G. Borland1, B. Zhu1, F. J.
Gonzalez2 and J. M. Peters1. 1Veterinary Sciences, Pennsylvania State University,
University Park, PA and 2National Cancer Institute, Laboratory of Metabolism,
Bethesda, MD.
Because there are conflicting reports in the literature suggesting that PPARβ/δ either promotes or inhibits tumorigenesis, there is a need for more studies to more
definitively determine the role of this receptor in cancer models. In the present

studies, Huh7 cells were used to generate a human hepatoma cell line overexpressing PPARβ/δ using the bi-cistronic Migr1 retroviral system. Huh7 cells with stably
integrated hPPARβ/δ-Migr1 (Huh7-hPPARβ/δ-Migr1) expressed markedly higher
levels of both PPARβ/δ mRNA and protein as compared to control Huh7 cells
with stably integrated Migr1 vector (Huh7-Migr1) and parent Huh7 cells. Ligand
activation of PPARβ/δ with GW0742 caused a markedly enhanced, dose-dependent increase in expression of PPARβ/δ target genes, angiopoietin-like protein 4
(ANGPTL4) and adipocyte differentiation-related protein (ADRP) in Huh7hPPARβ/δ-Migr1 cells as compared to control Huh7-Migr1 and parent Huh7
cells. Real-time examination of cell proliferation did not reveal any change in
growth between the three cell lines, in the presence or absence of ligand. Similarly,
no changes in anchorage independent growth of Huh7 cells, Huh7-Migr1 cells, or
Huh7-hPPARβ/δ-Migr1 cells was observed, with or without ligand activation, between the three cell lines. Ligand activation of PPARβ/δ did not protect against
staurosporine-induced apoptosis in Huh7 cells, Huh7-Migr1 cells, or Huh7hPPARβ/δ-Migr1 cells. Expression of PPARβ/δ mRNA and protein was not different between human tumor samples as compared to nontransformed control tissue.
Combined, despite clear evidence of enhanced activity of PPARβ/δ in Huh7 cells
overexpressing PPARβ/δ, the present studies indicate that PPARβ/δ does not modulate cell proliferation or apoptosis in Huh7 cells. (Supported by CA124533,
CA126826, CA141029, CA140369).

2002

FRY IS A NOVEL TUMOR SUPPRESSOR GENE
CORRELATED WITH BREAST CARCINOMA
PROGRESSION.

J. Graham1, X. Ren2 and H. Zarbl3. 1Toxicology, University of Medicine and
Dentistry of New Jersey, Piscataway, NJ, 2University of Buffalo, Buffalo, NY and
3DEOM, University of Medicine and Dentistry of New Jersey, Piscataway, NJ.
Quantitative trait locus (QTL) mapping in differentially susceptible rat strains
identified the predicted mammalian Fry gene as a tumor suppressor gene conferring
resistance to NMU-induced mammary tumorigenesis. Ectopic expression of Fry in
human breast cancer cells significantly diminished tumorigenicity and invasiveness
in vivo. Loss of FRY in normal mammary epithelial cells significantly altered cell
morphology, polarity and adhesion. Our analysis of FRY in clinical breast cancer
cohorts revealed that FRY gene expression was decreased in breast cancers and
analysis of tissue microarrays by immunohistochemistry corroborated these findings further demonstrating that FRY protein is nuclear and significantly higher in
normal epithelial cells than tumor cells. Further mining of gene expression data
from >4,400 breast cancers demonstrated that decreased FRY is associated with loss
of hormone receptors, undifferentiated histopathological subtypes, increased tumor
grade and poor outcomes suggesting a role for FRY in tumor progression. These
trends were then confirmed at the protein level in additional breast cancer cohorts.
Research in lower eukaryotes, as well as our functional analyses of FRY in silico, in
vitro, and in vivo, suggested that FRY is involved in epithelial mesenchymal transition (EMT) as well as epithelial cell differentiation and polarity. We therefore also
examined FRY levels in additional epithelial cell cancers (prostate, ovarian, lung
and brain) and confirmed that FRY is decreased in these carcinomas as well. Our
findings support the involvement of FRY in epithelial cell tumorigenesis and cancer
progression.

2003

LOSS OF P53 ACCELERATES TUMOR FORMATION IN
RAP80 MICE.

Z. Yin1, 5, D. Menedez2, K. Janardhan3, J. French4, M. Resnick2 and A. Jetten1.
1Laboratory of Respiratory Biology, NIEHS, Research Triangle Park, NC, 2Laboratory
of Molecular Genetics, NIEHS, Research Triangle Park, NC, 3Celluar & Molecular
Pathology Branch, NIEHS, Research Triangle Park, NC, 4Host Susceptability
Program, National Toxicology Program, Research Triangle Park, NC and 5Global
Product Stewardship, Arcadis US, Cincinnati, OH.
The ubiquitin interaction motif (UIM)-containing protein RAP80 is a key player
in DNA damage response (DDR). Our previous studies demonstrated that the expression of the RAP80 gene is regulated in a DNA damage-responsive manner by
the master regulator p53. This regulation occurs at the transcriptional level through
a noncanonical p53 response element in the RAP80 promoter. Although transcriptionally induced by p53, RAP80 regulates p53 through association with p53 and
the E3 ubiquitin ligase HDM2, providing HDM2-dependent enhancement of p53
polyubiquitination and degradation. In this study, it was shown that loss of RAP80
increased the sensitivity of mouse embryonic fibroblasts (MEFs) to various DNA
damage agents and promoted the transactivation of several pro-apoptotic p53 target genes. Loss of RAP80 enhanced the activation of p53-Chk2 signaling pathway
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and cell cycle arrest upon DNA damage. Immortalization of RAP80 null (RAP80/-) MEFs by infection with SV40 large T-antigen, which suppresses p53, abrogated
the p53 activation observed in primary RAP80-/- MEFs. This study describes the
generation and characterization of RAP80-/- and RAP80/p53 double knock-out
mice. RAP80-/- mice are viable and no developmental defects were observed.
RAP80-/- mice developed tumors spontaneously and upon IR. Loss of p53 accelerated spontaneous and IR-induced tumor formation in RAP80-/- mice. These data
indicate that RAP80 functions as a tumor suppressor gene. Loss of RAP80 activates
p53 signaling pathway upon environmental stresses and loss of p53 accelerates
tumor formation in RAP80-/- mice.

2004

INVESTIGATING THE DUEL ROLES OF STRA6 IN
CELL SIGNALING AND VITAMIN A TRAFFICKING.

C. E. Schulte1, 2 and M. J. Rowling1. 1Food Science and Human Nutrition, Iowa
State University, Ames, IA and 2Interdepartmental Graduate Program in Toxicology,
Iowa State University, Ames, IA. Sponsor: S. Hendrich.
The long-term goal of the present study is to understand how carcinogenesis can be
reduced through the optimization of vitamin A trafficking and signaling in tissues
prone to tumor development. However, little is known about vitamin A uptake,
transport, or signaling in mammary, prostate, and colon epithelial cells. Retinol, the
major circulating retinoid, travels to peripheral tissues in complex with retinol
binding protein (RBP). Recently, a retinoic acid responsive protein with no previous known biological function, STRA6, has been identified as an essential transmembrane receptor that mediates retinol uptake in retinal epithelial cells. Recently,
however, STRA6 has also been found to be a cell surface signaling receptor activated by the RBP-retinol complex. STRA6 contains an SH2 domain-binding motif
in the receptor’s cytosolic domain that can be activated through tyrosine phosphorylation after binding with the RBP-retinol complex. This activation leads to the recruitment and activation of Janus kinase 2 (Jak2) and Signal transducer and activator of transcription 5 (Stat5). Once activated, Stat5 is translocated to the nucleus
where it regulates the expression of specific target genes related to differentiation,
apoptosis, and anti-proliferation. In the current studies, we have tested our central
hypothesis that phosphorylation of STRA6 recruits and activates the Stat5/Jak2 signaling cascade essential for the anti-proliferative effects of retinol in epithelial tissues. Our results have shown that treating cancer cells with all-trans-retinoic acid
(ATRA) increased levels of STRA6. We investigated whether STRA6 phosphorylation of Jak2/Stat5 enhanced expression of PPARγ and p21 and down-regulated the
expression of cell cycle regulators cyclin D1 in a dose dependent manner.
Collectively these studies will offer new insight into the role vitamin A trafficking
may have in the anti-proliferative actions of vitamin A derivatives.

2005

INVESTIGATION OF MOLECULAR MECHANISMS OF
SUTENT-INDUCED BRUNNER’S GLAND CARCINOMA.

D. Kalabat, A. H. Yang, A. McHarg and W. Evering. Pfizer Inc., San Diego, CA.
Sponsor: B. Hirakawa.
Sutent (sunitinib) is a multi-targeted receptor tyrosine kinase inhibitor with regulatory approvals for the treatment of second-line gastrointestinal (GI) stromal tumors, advanced renal cell carcinoma, and unresectable pancreatic neuroendocrine
tumors. In carcinogenicity studies in both rasH2 transgenic mice and SpragueDawley rats, Brunner’s gland carcinoma occurred in high dose-treated animals,
with higher frequencies in males than in females. To investigate molecular mechanisms underlying Sutent-induced tumorigenesis, a study was performed in which
C57/BL6 mice were dosed orally for 8 weeks with vehicle control or 60 mg/kg/day
Sutent. At study termination, no gross or microscopic lesions occurred in the GI
tract, including the Brunner’s glands. Global gene expression profiling was performed on RNA extracted and amplified from Brunner’s glands in control and
Sutent-treated mice. Statistical analysis revealed significantly perturbed genes attributable to gender or to effects of Sutent. Sutent treatment perturbed a greater extent of gene changes in males than in females, corroborating the gender differences
in tumor incidence in carcinogenicity studies. Among significantly perturbed genes
in males, there was enrichment in pathway genes of hypoxia signaling, energy imbalance (AMPK, fatty acid/cholesterol metabolism changes), DNA damage response, and pro-oncogenic signaling. These may lead to observed gene expression
alterations in cell proliferation, cytoskeletal reorganization, and cell-cell communication, all of which are potential precursors to neoplastic transformation. Some of
the same molecular signals could be discerned in Sutent-treated females, though to
a much smaller extent. While the translatability of this carcinogenic finding to patients on Sutent therapy is unknown, future work to identify kinase(s) responsible
for Brunner’s gland carcinoma may provide value to other therapies that target specific kinases inhibited by Sutent.
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2006

STUDIES CONDUCTED IN A MURINE MODEL OF
BREAST CANCER METASTASIS REVEAL THAT AHR
ACTIVATION INHIBITS THE SPREAD OF TUMORS TO
SECONDARY SITES.

T. Wang1, 3, K. L. Wyrick1, G. G. Meadows1, T. B. Wills2 and B. A.
Vorderstrasse1, 3. 1Pharmaceutical Sciences, Washington State University, Pullman,
WA, 2Veterinary Clinical Sciences, Washington State University, Pullman, WA and
3Center for Reproductive Biology, Washington State University, Pullman, WA.
Aryl hydrocarbon receptor (AhR) agonists can slow or reverse growth of primary
mammary tumors in rodents, which has fostered interest in developing such compounds for treatment of breast cancer. Despite promising evidence that AhR modulation may be useful in controlling primary tumor growth, a more important therapeutic goal for breast cancer treatment is to reduce or prevent metastasis, the
primary cause of mortality in women with this disease. To test the effect of AhR activation on metastasis, 4T1.2 mammary tumor cells were injected into the mammary fat pad of syngeneic Balb/c mice treated with 2,3,7,8-tetrachlorodibenzo-pdioxin (TCDD). Primary tumor growth was monitored for 4 weeks, at which time
metastasis was determined. TCDD treatment suppressed metastasis by approximately 50%, as measured both in the lung, and in mammary glands at sites distant
from the primary tumor. Growth of the primary tumor itself was not suppressed by
TCDD exposure, nor was proliferation, migration, or colony formation of 4T1.2
cells affected by TCDD treatment in vitro. Our results suggest that the protective
effect of AhR activation was selective for the metastatic process, and not simply the
result of a direct decrease in tumor cell proliferation or survival at the primary site.
These observations in immunologically intact animals warrant further investigation
into the mechanism of the protective effects of AhR activation, and support the
therapeutic potential of AhR modulators.

2007

ASPIRIN INHIBITS COLON CANCER CELL AND
TUMOR GROWTH AND DOWNREGULATES
SPECIFICITY PROTEIN (SP) TRANSCRIPTION
FACTORS.

S. Pathi1 and S. Safe1, 2. 1Veterinary Physiology and Pharmacology, Texas A&M
University, College Station, TX and 2Institute of Biosciences and Technology, Houston,
TX.
Background and Aims: Acetylsalicyclic acid (aspirin) is a chemotherapeutic agent
for colon cancer patients; however, the mechanisms are not well defined and were
investigated in this study. Methods: Inhibition of colon cancer cell growth and induction of apoptosis by aspirin and sodium salicylate were investigated using cell
counting and Annexin V staining, and modulation of specificity protein (Sp) transcription factors Sp1, Sp3, Sp4 and Sp-regulated gene products was determined by
western blot analyses of nuclear, cytosolic and whole cell lysates. Mechanisms of aspirin-induced Sp downregulation were investigated using pathway-specific inhibitors and the in vivo anticancer activity of aspirin was determined in athymic
nude mice bearing RKO cells as xenografts. Results: Aspirin and its major metabolite sodium salicylate induced apoptosis and decreased colon cancer cell growth and
this was accompanied by caspasedependent proteolysis of Sp1, Sp3 and Sp4 and decreased expression of Sp-regulated gene products including bcl-2, survivin, VEGF,
VEGFR1, cyclin D1, c-MET, p65 and b-catenin. Aspirin also inhibited colon
tumor growth and decreased Sp1, Sp3 and Sp4 expression in tumors. Conclusions:
Aspirin-induced repression of Sp transcription factors and Sp regulated genes play a
role in the cancer chemotherapeutic effects of aspirin. Since patients administered
aspirin exhibit high salicylate/aspirin serum ratios, results of this study suggest for
the first time that salicylate may be the major contributor to the anticancer activity
of aspirin in colon cancer.

2008

MODE OF ACTION FOR THE SYNTHETIC
PYRETHROID PERMETHRIN-INDUCED MOUSE
LIVER TUMORS: EVIDENCE FOR PEROXISOME
PROLIFERATOR-ACTIVATED RECEPTOR ALPHA
(PPARα) ACTIVATION AND ASSOCIATED LIVER
CHANGES.

M. Kondo1, T. Yamada1, K. Miyata1, H. Nagahori1, K. Sumida1, K. Mikata1,
S. M. Cohen2, N. Isobe1 and S. Kawamura1. 1Environmental Health Science
Laboratory, Sumitomo Chemical Company, Ltd., Osaka, Japan and 2University of
Nebraska Medical Center, Omaha, NE.
Two-year treatment with permethrin produced benign liver tumors in both sexes of
CD-1 mice. To understand the mode of action (MOA) by which the mouse liver
tumors are produced, a series of studies conducted in mice examined the effects of

permethrin on hepatocellular proliferation, hepatic cytochrome P450 (CYP) activity, and morphological alteration, focusing on time-course, dose-response, recovery,
and sex and species differences. CrlJ:CD1(ICR) mice were fed diets containing permethrin or reference mouse liver carcinogens (clofibrate and phenobarbital) for 7 or
14 days. Permethrin induced increased hepatocellular proliferation at an early stage
of treatment (within one week), increased CYP4A activity, increased liver weights
associated with centrilobular hepatocyte hypertrophy, and increased numbers and
size of peroxisomes. There were strong parallels in the dose response for the above
key events and the tumor appearance in both sexes. All of these effects had an apparent threshold dose, and recovered after cessation of the treatment. These alterations were observed in mice but not in rats. Permethrin did not cause genotoxicity,
cytotoxicity, or proliferation of smooth endoplasmic reticulum (SER). These data
suggest that the MOA for permethrin-induced mouse liver tumors involves the effects of liver CYP induction via PPARα activation and stimulation of increased hepatocellular proliferation. The global gene expression profile strongly supports the
postulated MOA. Based on analysis with the ILSI/IPCS MOA and human relevance framework, including comparison with the results of another chemical, clofibrate, acting by a similar MOA and being negative in epidemiology studies, it is
reasonable to conclude that permethrin will not have hepatocarcinogenic activity in
humans.

2009

IMBALANCE IN ONE-CARBON METABOLISM IN THE
LIVERS OF MICE FED A METHYL-DEFICIENT DIET.

S. Melnyk1, K. Kutanzi2, A. De Conti3, B. Montgomery2, J. James1, F. A.
Beland2 and I. P. Pogribny2. 1Department of Pediatrics, University of Arkansas for
Medical Sciences, Little Rock, AR, 2Department of Biochemical Toxicology, National
Center for Toxicological Research, Jefferson, AR and 3University of Saõ Paulo, Saõ
Paulo, Brazil.
Accumulating evidence suggests that impaired functioning of one-carbon metabolism may influence the vulnerability to many human diseases because of the integral
role of one-carbon metabolism in regulating several interdependent metabolic
processes. Specifically, a dietary deficiency in methyl-donors has been shown to
alter one-carbon metabolism and is associated with increased risk of developing
nonalcoholic fatty liver disease (NAFLD). This study examined the role of one-carbon metabolism dysregulation in the pathogenesis of NAFLD. Eight-week-old
male mice from 7 different strains were fed a methyl-deficient diet for 12 weeks.
Feeding the methyl-deficient diet resulted in marked strain-specific histopathological changes in the livers, including steatosis, necrosis, and inflammation. These alterations were accompanied by disturbances in the levels of one-carbon metabolites,
particularly decreased levels of methionine and S-adenosylmethionine, a lower ratio
of S-adenosylmethionine to S-adenosyl-L-homocysteine, and increased levels of homocysteine in the livers of methyl-deficient mice. These changes were associated
with a down-regulation of several key genes involved in the regulation of one-carbon metabolism, including Bhmt, Cbs, Cth, and Mat1a. Mechanistically, the decrease of Mat1a expression is linked to reduced levels of CEBPα and CEBPβ proteins, which regulate transcription of the Mat1a gene. The findings of this study
demonstrate that feeding mice a methyl-deficient diet for 12 weeks leads to an imbalance in the level of one-carbon metabolites, which is associated with down-regulation of key one-carbon-related genes. Moreover, the strain specificity of diet-induced dysregulation of one-carbon metabolism suggests that correction of this
imbalance may be important for developing preventative and treatment strategies
for NAFLD.

2010

RISK ASSESSMENT OF COUMARIN USING THE
BENCH MARK DOSE (BMD) APPROACH: CHILDREN
IN NORWAY, WHO REGULARLY EAT OATMEAL
PORRIDGE WITH CINNAMON, ARE AT RISK FOR
EXCEEDING TDI FOR COUMARIN BY SEVERAL
FOLDS.

T. Husøy1, J. Paulsen4, T. Sanner3, I. L. Lillegaard2, J. Alexander1 and T.
Fotland2. 1Norwegian Institute of Publich Health, Oslo, Norway, 2Norwegian
Scientific Committee for Food Safety, Oslo, Norway, 3The Norwegian Radium
Hospital and University of Oslo, Oslo, Norway and 4Norwegian School of Veterinary
Science, Oslo, Norway. Sponsor: U. Nygaard.
Coumarin is a naturally occurring flavouring in cinnamon and many other plants.
It is known that coumarin can cause liver toxicity in several species and liver tumours in mice, and it is considered a non-genotoxic carcinogen in rodents. By
using the bench mark dose approach we re-assessed coumarin toxicity and established a new TDI for coumarin of 0.07 mg/kg bw/day. Oral intake of coumarin is
mostly related to consumption of cinnamon-containing foods and food supplements. Coumarin intake from food has previously not been estimated in Norway.
Cinnamon is a widely used spice in Norway, and can be used as topping on oatmeal

porridge. Based on a study on coumarin concentrations in Norwegian foods, intake
calculations for children and adults were conducted, and a risk assessment of
coumarin in the Norwegian population was performed. Intake estimates of
coumarin shows that small children eating oatmeal porridge several times a week
sprinkled with cinnamon had a coumarin intake of 1.63 mg/kg bw/day and therefore are at risk for exceeding the TDI with several folds. Adults drinking cinnamonbased tea and consuming cinnamon supplements can also exceed TDI. The
coumarin intake could exceed the TDI by 7-20 fold in some intake scenarios. Liver
toxicity may occur shortly after the start of coumarin exposure. Such large daily exceedances of TDI, even for a limited time period of 1-2 weeks, cause concern of adverse health effects.

2011

MICROARRAY ANALYSIS OF MOLECULAR CHANGES
ELICITED IN MICE BY DIETS HIGH IN FAT, SUGAR,
OR CHOLESTEROL, AND DIETS DEFICIENT IN
CALORIES OR ESSENTIAL FATTY ACIDS.

H. J. Renaud1, J. Y. Cui1, H. Lu2 and C. D. Klaassen1. 1Pharmacology, Toxicology,
and Therapeutics, University of Kansas Medical Center, Kansas City, KS and
2Pharmacology, SUNY Upstate Medical University, Syracuse, NY.
Nutrition is a focal point of medical research as excess caloric intake is correlated
with detrimental health outcomes, such as the metabolic syndrome; however in
contrast, low-calorie diets and diets enriched in omega-3 essential fatty acids (EFAs)
have beneficial health effects, such as lower cancer rates. However, our understanding of the causal relationship between diet and health remains largely elusive. We
studied the molecular changes elicited by diets high in fat, sugar, or cholesterol, as
well as diets deficient in calories or omega-3 and -6 fatty acids in C57BL/6 male
mice. Microarrays were conducted on liver samples from 3 mice/diet and detected
20,449 unique genes of which 3,561 were responsive to diet. Correlational analysis
found that diet restriction was the most unique diet because it correlated the least
with, and affected more genes than the other diets. The majority of the diets affected several canonical pathways including the citric acid cycle, FXR/RXR activation, LPS/IL-1 mediated inhibition of RXR function, short chain fatty acid metabolism, and NRF2-mediated oxidative stress response. Of the 498 transcription
factors (www.TFCat.ca), 87 were responsive to the diets with the majority belonging to the Zipper-Type (38%) and Zinc-Coordinating (31%) classes of transcription factors. Two-way hierarchical clustering of the nine diets identified three major
patterns of transcription-factor expression: 1) most highly expressed in the diet-restriction group; 2) most lowly expressed in the diet-restriction group; and 3) most
lowly expressed in the high-fructose and EFA-deficient diets. This study provides
considerable insight into the molecular changes incurred by different diets and furthers our understanding of the causal relationships between diet and health.
[Support: NIH grants DK-081461, ES-019487, and ES-009649; CIHR]

2012

DEVELOPMENT AND VALIDATION OF TWO STABLE
REPORTER CELL LINES FOR PPARγ-MEDIATED
MODULATION OF GENE EXPRESSION.

L. de Haan1, L. Gijsbers1, H. Man3, S. Kloet1, J. Keijer2, I. Rietjens1, B. van
der Burg3 and J. Aarts1. 1Toxicology, Wageningen University, Wageningen,
Netherlands, 2Human and Animal Physiology, Wageningen University, Wageningen,
Netherlands and 3Bio Detection Systems, Amsterdam, Netherlands. Sponsor: B.
Blaauwboer.
Activation of Peroxisome Proliferator-Activated Receptor γ (PPARγ) has been associated with beneficial health effects like enhancing insulin sensitivity and lowering
glucose and fatty acid levels in type 2 diabetic patients. The aim of the present study
was to develop and validate a luciferase reporter gene assay to enable fast and lowcost measurement of PPARγ agonist and antagonist activity. Two reporter cell lines
were obtained by stable transfection of U2OS cells with a PPARγ expression vector
containing a selection marker and a luciferase reporter construct, respectively:
pSG5-neo-PPARγ1 and pGL3-3xPPRE-tata-luc to generate the PPARγ1 CALUX
(Chemical Activated LUciferase eXpression) reporter line, pSG5-neo-PPARγ2 and
pGL4-3xPPRE-tata-luc to generate the PPARγ2 CALUX line. In these PPARγ1
and PPARγ2 CALUX cells a range of known PPARγ agonists induced concentration-dependent luciferase activity. Their potency ranked in the following order in
both PPARγ responsive cell lines: rosiglitazone > troglitazone = pioglitazone > netoglitazone > ciglitazone. A concentration-dependent decrease in the response to 50
nM rosiglitazone was observed in both reporter cell lines upon addition of the
PPARγ antagonists GW9662 or T0070907, consistent with the PPARγ-mediated
nature of the luciferase induction response. Specificity to PPARγ agonists was confirmed by exposing PPARγ1 and PPARγ2 CALUX cells to the PPARα agonists
WY14643 and fenofibrate, which failed to induce luciferase activity. The new
PPARγ CALUX reporter gene assays provide a reliable tool to screen both endogenous ligands and (bio)chemicals for their agonist or antagonist activity on this important health-related receptor. For further details: Gijsbers, et al. Analytical
Biochemistry 414 (2011) 77-83.

SOT 2012 ANNUAL MEETING

433

2013

TOXICOLOGICAL PERSPECTIVE OF NRF2
ACTIVATION.

M. Marin-Kuan1, J. Holzwarth2, A. Fuerholz2, C. Bezenςon1, C. Verguet1, D.
Piguet1, G. Guignard1, R. Mansourian2, F. Raymond2, S. Metairon2 and B.
Schilter1. 1Quality and Safety, Nestle Research Center, Lausanne, Switzerland and
2BioInformatics, Nestle Research Center, Lausanne, Switzerland.
There is growing interest to identify chemicals activating the nuclear factor erythroid-derived 2-related factor (Nrf2) pathway because of their potential in cancer
prevention. From a toxicological perspective, there is a broad diversity amongst
Nrf2-inducers, some of them being potent while others weak toxicant. This raises
the question of their safety in use. We have applied a multiparameter approach
using transcriptomics, cytotoxicity and DNA-damage endpoints in primary rat hepatocyte cultures in order to evaluate the dose response effects and consequent biological significance of Nrf2 inducers. A number compounds covering a wide from
low to high range of toxic potency (e.g. rosemary extract, carnosic acid, carnosol,
genistein, alpha-lipoic acid coumarin, ter-butylhydroquinone (tBHQ), cadmium
and acrolein), were selected. Dose response effect analysis applying a linear regression correlation of transcriptomics data reveals distinct subsets of transcripts correlating with either cytotoxicity or DNA-damage. Gene expression confirmation followed by linear regression of the selected subsets was performed with all test
compounds confirming two highly statistically significant specific dose-related prediction fingerprints: cytotoxicity-fingerprint and DNA-damage-fingerprint.
Specific data mining of Nrf2 pathway using Nrf2 binding sequence data was also
performed. These data revealed an enrichment of exons directly correlated with increased cytotoxicity strongly suggesting a cytotoxic dose effect when potentiating
Nrf2 activity. Overall, the data suggest that dose-responses of all parameters studied
are correlated and that Nrf2-activation cannot be easily discriminated from
toxic/genotoxic responses. Activation of Nrf2-pathway cannot be considered as intrinsically innocuous and a thorough safety assessment is necessary prior to any application of Nrf2-inducers.

2014

THE NEPHROTOXICITY OF MYCOTOXIN CITRININ
AND PATULIN DURING ZEBRAFISH DEVELOPMENT.

B. Liu1, T. Wu2 and F. Yu1. 1Biomedicall Sciences, Chung Shan Medical University,
Taichung, Taiwan and 2Institute of Medicine, Chung Shan Medical University,
Taichung, Taiwan. Sponsor: P. Lin.
Both citrinin (CTN) and patulin (PAT) are fungal secondary metabolites showing
nephrotoxicity in various cellular and animal models. In the present study zebrafish
embryos were used as vertebrate models for examining the early developmental effect of CTN and PAT. Various concentrations of mycotoxins were introduced to zebrafish embryos at 24 hour postfertilization (hpf ), and the morphology and cell viability of embryos were observed at 72 hpf. CTN at the concentration of 50 μM
caused the larvae showing significant aberrant morphology including heart tube
malformation, pericardial and yolk-sac edema. On the other hand, the zebrafish
embryos treated with PAT at concentrations up to 200 μM exhibited no evident
differences in survival rates and morphological changes of larvae compared to the
solvent-exposed group. A green fluorescent kidney line, Tg (wt1b:GFP), was used
as a model to evaluate the kidney morphology after mycotoxin exposure. All the
embryos, which have been treated with CTN or PAT for 24 or 48 h, did not
demonstrate any abnormal kidney phenotypes under the fluorescent microscope.
Since wt1a and Na+/K+ATPase are regarded as the specific markers for the
pronephric glomerulus and tubule/duct, respectively, we further carried out the
whole mount hybridization/immunostaining and found that only PAT, but not
CTN, induced an apparent delay in the glomerular development; however, no
pronephric tubule/duct malformation was displayed after either CTN or PAT treatment. It is known that glomerular filtration rate (GFR) is a quantitative measure of
renal function, so the clearance rate of microinjected rhodamin dextran (10,000
Mr) was applied to assess GFR in larval zebrafish. Incubation of 24 hpf zebrafish
with 7.5 μM CTN and 50 μM PAT for 48 h significantly decreased the their GFR
rates to 46.0 and 44.7% of the control level, suggesting low levels of CTN and PAT
are able to damage the renal function of developing zebrafish. Potential drugs will
be applied to see whether they can rescue the nephrotoxicity of mycotoxins

2015

OIL SPILL CHEMICAL DISPERSANTS AND SEAFOOD
SAFETY.

K. F. Hailemariam and P. M. Bolger. Center for Food Safety and Applied Nutrition,
US Food and Drug Administration, College Park, MD.
In 2010 the drilling rig explosion in the Gulf of Mexico resulted in a major oil spill.
To minimize the environmental impact of the oil spill, chemical dispersants, such as
COREXIT® EC9527A and COREXIT® 9500 were applied as remediation prod-
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ucts. To assess the potential adverse consequences of the spill, the impact of the dispersants on the presence of oil contaminants (polycyclic aromatic hydrocarbons
(PAH)) and the detergents themselves was assessed. Dispersants are composed of
detergent-like surfactants in low toxicity solvents that reduce interfacial tension between oil and water in order to enhance oil dispersion by generating larger numbers
of small droplets of oil that are entrained in the water column by wave energy. In recent years dispersants have been reformulated to reduce inherent toxicity. The
chemical make up of the dispersants are similar to those found in household detergents, and the primary components are also found in drugs, cosmetics and toothpaste. Studies have generally indicated that dispersants have no effect on the bioaccumulation potential of organic compounds in fish. Based on an acceptable daily
intake of 0.1 mg/kg bw/day for dicotyl sodium sulfosuccinate (DOSS), a biomarker
component of the dispersants (World Health Organization Technical Report Series:
859), and consumption estimates for shrimp/crab, oyster, and finfish, levels of concern (LOC) were derived at 500, 500, and 100 parts per million, respectively.
Similarly non-cancer and cancer LOCs were developed for a number of PAHs
(http://www.fda.gov/Food/FoodSafety/default.htm) Results of surveillance, monitoring and chemical testing showed that the vast majority of samples contained no
detectable dispersant residues or PAHs, and the few samples that did contained levels many fold lower than LOCs for the three species. In conclusion, this safety/risk
assessment and the large amount of monitoring data demonstrate that dispersants
had little or no effect on the bioaccumulation potential of oil contaminants
(PAHs), nor do they themselves accumulate in seafood.

2016

LEVEL OF CONCERN FOR GLUTEN EXPOSURE IN
INDIVIDUALS WITH CELIAC DISEASE.

S. A. Assimon, M. DiNovi and P. M. Bolger. CFSAN, US FDA, College Park,
MD.
Celiac disease (CD) is a permanent hypersensitivity reaction in genetically predisposed individuals triggered by ingestion of certain grains or certain protein components of them. Gluten is the protein in wheat grain that elicits this disease state.
Exposure to gluten in individuals with CD results in morphological damage to the
lining of the small intestine. This exposure can also be associated with the emergence of a diverse array of clinical signs and symptoms in CD sufferers. Avoidance
of gluten is the principal tool for management of these adverse effects. Thus, the determination of the background level of gluten exposure that is tolerable in sensitive
individuals consuming a gluten-free diet is relevant. The toxicological level of concern (LOC) for gluten that is associated with CD-related morphological and clinical effects was derived from the identified gluten tolerable daily intake (TDI) values
for each of these effects and estimates of the level of exposure to gluten-free food
(GFF). The TDIs were previously determined from a health hazard assessment of
dose-response data on adverse effects from oral food challenge studies in those susceptible to CD. They were derived from morphological and clinical effects of concern and were, respectively, 0.4 and 0.015 mg gluten/day. Food consumption estimates for GFFs that would replace foods containing the gluten-containing grains or
grain components were determined from the 1994-1998 USDA Continuing
Survey of Food Intake by Individuals (CFSII) database. This exposure assessment
characterized daily food intake at the mean and 90th percentile levels for children
(1-18 years: 0.4-0.7 kg food/day) and adults (>18 years: 0.4-0.9 kg food/day). The
concentration of gluten in GFF food that represents the LOC in individuals susceptible to the development of the adverse effects of CD is 0.4-1.0 ppm for morphological effects and 0.02-0.04 ppm for clinical effects, depending on intake percentile level and age group. In summary, the estimated LOCs for gluten in
individuals with CD are at a concentration level of less than 1 ppm in GFF for
morphological and for clinical adverse effects.

2017

POMEGRANATE POLYPHENOLS INHIBIT BREAST
CANCER CELL GROWTH TARGETING miRNA-27A
AND miRNA-155 IN THE REDUCTION OF
INFLAMMATION AND CELL GROWTH.

N. Banerjee1, 2, S. Safe1, S. Talcott2 and S. U. Mertens –Talcott1, 2. 1Toxicology,
Texas A&M University, College Station, TX and 2Nutrition and Food Science, Texas
A&M University, College Station, TX.
Several studies have demonstrated that botanical polyphenolics including extracts
from pomegranate (Punica granatum L.) are potent inhibitors of cancer cell proliferation inducing apoptosis. There is growing evidences that specificity protein (Sp)
transcription factors are overexpressed in tumors. Previous studies show that Pg extracts decreased inflammation in lung cell lines by inhibiting PI3K dependent
phosphorylation of AKT in lung and inhibited activation of NF-kB in vivo. The
objective of the present study was to investigate anticancer and anti-inflammatory
activity of Pg extracts in estrogen receptor positive (ER+) BT474 breast cancer cells
and in nude mice and the effects on miroRNA-27a-ZBTB10-Sp1 axis and
microRNA155-SHIP1-AKT-NF-kB axis.

The effects of Pg extract on cell viability were investigated in BT474 (ER+) MDAMB-231(ER-) cells. Gene expression was determined by q-RT-PCR and luciferase
activity was used to determine activation of transfected constructs containing luciferase reporter genes. Proteins were identified by western blotting. The role of specific microRNAs was confirmed using specific inhibitors.
Results showed that cell proliferation was inhibited by Pg extract (2.5-25μg/ml) in
BT474 and MB-231 cells. Pg extract significantly decreased specificity protein Sp1,
Sp3, and Sp4 and increased expression of the transcriptional repressor ZBTB10 and
decreased miR-27a in BT474 cells. Pg extract also increased SHIP-1 protein expression and this was accompanied by down-regulation of miRNA 155 in the
treated cells and inhibited PI3K dependent phosphorylation of AKT. Similar results
were observed in tumor from nude mice bearing BT474 cells as xenografts.
In summary the anticancer activities and anti-inflammatory effects of Pg in breast
cancer cells were at least in part due to targeting microRNAs155 and 27a which
play an important role in the proliferative/ inflammatory phenotype exhibited by
these cell lines.

2018

UPSN INCLUDED IN FOOD REDUCES AFLATOXIN
BIOAVAILABILITY IN A CROSSOVER STUDY IN
GHANA.

N. J. Mitchell1, J. Kumi2, E. Dotse2, A. Marroquin-Cardona1, L. Tang3, J.
Wang3, N. Ankrah2 and T. D. Phillips1. 1College of Veterinary Medicine, Texas
A&M University, College Station, TX, 2Noguchi Memorial Institue for Medical
Research, University of Ghana, Accra, Ghana and 3Department of Environmental
Health Science, University of Georgia, Athens, GA.
Uniform Particle Size NovaSil (UPSN), a calcium montmorillonite, has high binding affinity for aflatoxin B1 (AFB1), a natural hepatocarcinogen produced by
Asperguillus species. Aflatoxin exposure predominantly occurs in sub-Saharan Africa
and Southeast Asia due to a favorable climate for fungal growth and economic burdens. Chronic exposure to AFB1 in Ghana is an important contributor to the country’s high incidence of primary liver cancer. In this crossover study, participants (46)
from the Ejura district were provided with common Ghanaian meals twice/day.
Participants were split into two groups receiving 3g/day of either UPSN treatment
or placebo mixed in their food. Participants were switched to the opposite treatment group halfway through the study (5 days). Palatability questionnaires and
urine samples were collected each day. AFM1 biomarkers of exposure were analyzed
using AflaTest® immunoaffinity columns followed by HPLC coupled fluorescence
detection. At baseline AFM1 was detected in 100% of the population with levels
ranging from 15.03-5,454.88pg/mg creatinine. During treatment, the placebo
group had significantly higher AFM1 levels than UPSN treated participants with
the data clearly illustrating the switch in treatment. No adverse events resulted from
treatment and the application of UPSN in food was well received with taste, aroma
and texture all scoring highly. These results suggest that the inclusion of UPSN clay
in foods can considerably reduce aflatoxin bioavailability in a dose form that is easily administered, economical and culturally acceptable. This clay can positively impact the health and livelihood of populations in developing countries where staple
crops are often contaminated with aflatoxin. (Supported by USAID LAG-G-0096-90013-00 and NIH 1RO1MD005819-01).

2019

CHRONIC DIETARY TRYPTOPHAN ENHANCEMENT
AND DEPLETION IMPROVE MOUSE SOCIAL
BEHAVIOR AND INCREASE BRAIN EXTRACELLULAR
SEROTONIN LEVELS.

M. D. Osorio, W. Q. Zhang, M. Gamez, P. A. Barba-Escobedo, T. Gu, J. J.
Sanchez, M. A. Javors, J. O’Connor, L. C. Daws and G. G. Gould. University of
Texas Health Science Center at San Antonio, San Antonio, TX.
Social interaction deficits are prominent characteristics of autism that are modulated by serotonin (5-HT) signaling in the brain. While roughly 33% of autism patients have elevated platelet 5-HT, their brain 5-HT stores and signaling may be reduced. Clinical evidence of this includes behavioral improvement with 5-HT
reuptake inhibitors, and worsening with tryptophan (TRP) depletion. Children
with autism, particularly those on casein or gluten-free diets, tend to have low
plasma TRP levels. Defects in brain 5-HT vs. kynurenine metabolism are ameliorated in some with B vitamin supplements. We hypothesized that diets enhanced
with 5% TRP and B-complex would improve sociability and boost brain 5-HT
neurotransmission in mice (BTBR and 129S1/SvImJ strains) with low sociability.
Conversely, chronic TRP depletion was expected to reduce brain 5-HT availability
and worsen social behavior. Male mice (90-120 days old, N=8-10) were maintained
on special diets (Research Diets Inc., NJ) for 28 days. B-vitamins did not affect any
parameter measured. In social approach tests, surprisingly, both TRP enhancement
AND depletion improved sociability in both strains (p< 0.001), but marble-burying was unaffected. Mice on TRP-depleted diets lost weight, despite normal food

consumption, their serum corticosterone levels were higher (p< 0.05, N=5), and 5HT transporter levels were reduced by 10% in the hippocampus and cingulate cortex (p< 0.05, N =8-9). Higher serum 5-HT-levels were found in all 129S mice, and
oxytocin, a hormone associated with social bonding regulated by 5-HT, was higher
only in TRP-depleted BTBR mice. The improved social behavior with both dietary
TRP manipulations is a likely product of enhanced 5-HT neurotransmission, since
dietary TRP-enhancement may increase brain 5-HT stores, and corticosterone can
block 5-HT uptake via “uptake 2” transporters such as organic cation transporter 3.
This study was supported by the Morrison Trust.

2020

CHRONIC EPITHELIAL NOD2 ACTIVATION
TRIGGERS ANTIINFLAMMATORY ATF3 AND
PARADOXICAL SUPER-INDUCTION OF
PROINFLAMMATORY CHEMOKINES BY CHEMICAL
RIBOSOME-INACTIVATING STRESS.

S. Park and Y. Moon. Laboratory of Systems Mucosal Biomodulation, Pusan
National University School of Medicine and Medical Research Institute, Yangsan,
Republic of Korea.
Mucosal experience of gut bacteria and bacterial products including Nod2 ligands
triggers homeostatic regulation in response to various mucosal toxic insults. ATF3
is a negative modulator of proinflammatory responses via bacterial pattern recognition. On the assumption that ATF3 can be a critical regulator of epithelial inflammation, chronic epithelial exposure to Nod2 ligand was assessed for its effects on
ATF3 and proinflammatory signals in response to mucosal ribosome-inactivating
stress, which is a critical etiological factor of human intestinal inflammatory disease.
Muramyl dipeptide (MDP), the minimal moiety of bacterial peptidoglycan, is the
Nod2 ligand, and pre-exposure to it enhanced ATF3 expression in chemical ribosome-inactivating stress-exposed human enterocytes. In terms of gene regulation,
Nod2 pre-activation potentiated ATF3 induction by enhancing stability of the
ATF3 transcript, which was particularly linked to the regulation of the 3′-untranslated region of the human ATF3 gene. Moreover, chronic stimulation of Nod2 enhanced both the basal and chemical ribosome-inactivating stress-stimulated cytoplasmic translocation of the HuR protein, which bound to and stabilized ATF3
mRNA. Functionally, chronic stimulation of Nod2 also led to superinduction of
pro-inflammatory chemokine genes by the muco-active ribosome-inactivating
stress. However, the chemokine superinduction was not affected by ATF3 gene regulation although Nod2-triggered ATF3 had suppressive effects on the pro-inflammatory NF-κB signal. This paradoxical superinduction of chemokines was also mediated by enhanced mRNA stabilization by HuR protein in spite of
ATF3-mediated suppression of NF-κB signal in human intestinal epithelial cells.
(This work was supported by the Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by the Ministry of
Education, Science and Technology (MEST) (No. 2009-0087028 and No. 20090065479)).

2021

EFFECTS OF AFLATOXIN B1 ON THE IMMUNE
PHENOTYPES AND CYTOKINE SECRETIONS OF
SPLEEN LYMPHOCYTES IN FISCHER 344 RATS.

G. Qian, L. Tang, X. Guo, F. Wang, M. E. Massey, J. Su and J. Wang.
Environmental Health Science, University of Georgia, Athens, GA.
Aflatoxin B1 (AFB) has been linked to suppressed cell-mediated immune status in
human populations. In this study we examined the effects of AFB on spleen lymphocyte phenotypes and the secretion functions of CD4+, CD8+ T cells and CD3CD8+ NK cells in rats. Male Fischer 344 rats were randomly assigned to five
groups and treated orally with 0, 5, 10, 25, and 75μg AFB/kg body weight.
Animals were sacrificed at 1-, 3-, and 5-week and their spleen tissues were dissected
and lymphocytes were isolated for measuring surface markers and secretion of intracellular cytokines IL-4, IFN-γ, and TNF-α by flow cytometric analyses. After 1week treatment with 25 and 75μg AFB/kg, the percentages of spleen CD8+ T cells
and CD3-CD8+ NK cells were significantly decreased as compared to the control
(P<0.05). Significant decreases in IL-4 (48.8%) and IFN-γ (25.7%) secretion in
CD4+ T cells, IL-4 (58.2%) and IFN-γ (26.9%) secretion in CD8+ T cells, and
TNF-α (48.4%) secretion in NK cells were found at 75μg AFB/kg group as compared to the control (P<0.05). After 3-week treatment, a significant increase in
CD3+ T cells (7.9%) and a decrease in CD3-CD8+ NK cells (37.1%) were found
at 25μg AFB/kg group (P<0.05). Significant increase in secretions of IL-4 (92.9%)
and IFN-γ (97.2%) in CD4+ T cells and IL-4 (57.3%) in CD8+T cells were observed at 75μg AFB/kg group as compared to the control (P<0.05). After 5-week
treatment, significant stimulation of CD3+ and CD8+ T cells and inhibition of
CD45RA+ B cells were found at doses 5-25μg/kg groups as compared to the control (P<0.05). IL-4 secretion in CD4+ T cells was significantly decreased at all
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treated groups as compared to the control (P<0.05). A 37.8% increase in IFN-γ secretion in CD4+ T cells at 25μg/kg group (P<0.05) and a 85.9% increase in TNFα secretion in NK cells at 75μg/kg group (P<0.05) were also found. These results
show that AFB, dependent on exposure dose and duration, can have either stimulatory or suppressive effects on the immune parameters in animals.

2022

INDUCTION OF EpRE-MEDIATED GENE EXPRESSION
BY BIOACTIVE INGREDIENTS OF TOMATO
(LYCOPERSICON ESCULENTUM) MILL.

L. Gijsbers1, H. van Eekelen1, 2, L. de Haan1, T. Nguyen1, J. Aarts1, I. Rietjens1
and A. Bovy2. 1Toxicology, Wageningen University, Wageningen, Gelderland,
Netherlands and 2Plant Research International, Wageningen, Gelderland, Netherlands.
Sponsor: B. Blaauboer.
Tomatoes contain many potentially health-beneficial phytochemicals, including lycopene, β-carotene, kaempferol, naringenin and quercetin. These phytochemicals
may exert some of their beneficial health effects through transcriptional activation
of detoxifying phase II and antioxidant enzymes by binding of the nuclear factor
E2-related factor 2 (Nrf2) to the electrophile-responsive element (EpRE). The aim
of the present study was to determine the potency of phytochemicals present in
tomato fruit, as well as extracts of tomato fruit to induce EpRE-mediated gene expression using the EpRE(hNQO1)-LUX reporter cell line, based on an EpRE element from the human NADPH:quinone oxidoreductase 1 (NQO1) gene
(Boerboom et al., Biochem Pharmacol 2006; 72; 217-226). Of the phenolic compounds known to be present in tomato, kaempferol, quercetin, naringenin and
naringenin chalcone were able to induce EpRE-mediated luciferase activity. Of the
isoprenoids known to be present in tomato, including lycopene, lutein, β-carotene,
α-, δ- and γ-tocopherol and neurosporene, only the latter was able to induce EpREmediated luciferase activity. An extract of ripe tomato fruits, enzymatically hydrolyzed to remove the glycosyl residues from the bioactive phenolic ingredients,
was able to induce EpRE-mediated luciferase both on protein and mRNA level.
PCA analysis of LC-MS data quantifying the chemical contents of extracts from
tomato varieties with high and low inducing capacity suggested that quercetin was
an important contributor to the induction of EpRE-mediated gene expression by
tomato extracts. It was concluded that induction of EpRE-regulated genes, such as
detoxifying phase II and antioxidant enzymes, may contribute to the beneficial
health effects of tomato. Subsequent studies will focus on in vivo validation of these
findings.

2023

EXPOSURE TO THE MYCOTOXIN DEOXYNIVALENOL
(VOMITOXIN) CAUSES RELEASE OF GUT SATIETY
HORMONES PEPTIDE YY (PYY) AND
CHOLECYSTOKININ (CCK) IN THE MOUSE.

B. Flannery1, 2 and J. J. Pestka1, 2, 3. 1Food Science and Human Nutrition, Michigan
State University, East Lansing, MI, 2Center for Integrative Toxicology, Michigan State
University, East Lansing, MI and 3Microbiology and Molecular Genetics, Michigan
State University, East Lansing, MI.
Deoxynivalenol (DON, vomitoxin) is a common type B trichothecene mycotoxin
that naturally contaminates cereal grain products worldwide. Adverse effects of
DON include acute gastroenteritis and vomiting in humans, and anorexia, growth
suppression and immune system perturbations in mouse models. Regulatory levels
of DON in food have been based on the dose that does not cause weight suppression in mice (1 ppm DON). Though DON-induced anorexia is likely responsible
for subsequent weight suppression, the exact mechanisms of anorexia have yet to be
clarified. Recently, published data (Flannery et. al. Food Chem Toxicol. 2011) suggested that DON-induced anorexia was attenuated at 1 mg/kg bw by 180 min and
at 5 mg/kg bw by 360 min. Here, using a mouse model, we tested the hypothesis
that DON stimulates release of the gut satiety hormones peptide YY (PYY) and
cholecystokinin (CCK) concurrently with anorexia induction. Mice given an intraperitoneal injection of 1 and 5 mg/kg bw DON exhibited a dose dependent increase of plasma PYY and CCK levels within 15 minutes of exposure. Interestingly,
increased plasma CCK levels more closely corresponded to the timing of DON-induced anorexia with levels peaking at 15 m and returning to basal levels by 120 m
at 1 mg/kg bw DON and 240 m at 5 mg/k bw DON, respectively. Plasma PYY levels remained elevated at 180 m and 360 m for 1 mg/kg bw and 5 mg/kg bw DON,
respectively. Taken together, results suggest the dosing and timing of DON-induced CCK release more closely resembles the established pattern of DON-induced anorexia, though it is possible both elevated PYY and CCK contribute to
DON-induced feed refusal in the mouse.
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2024

THERAPEUTIC EFFICACY AND SAFETY EVALUATION
OF A NOVEL ALL NATURAL VEGETARIAN FORMULA
IN ARTHRITIC DOGS USING GROUND FORCE PLATE.

R. C. Gupta1, N. M. Whitt1, J. T. Goad1, T. D. Canerdy1 and M. Bagchi2.
1Murray State University, Hopkinsville, KY and 2NutriToday, Boston, MA.
This investigation was undertaken with two objectives: (1) to evaluate therapeutic
efficacy of a novel all-natural vegetarian formula, WakFree (patent pending), and 2)
to determine its tolerability and safety in moderately arthritic dogs. Client-owned
moderately arthritic dogs, randomly divided into two groups (n= 8), were treated
with placebo or WakFree daily for a period of 150 days. On a monthly basis, dogs
were evaluated for observational pain (overall pain, pain upon limb manipulation,
and pain after physical exertion) using different numerical scales. Pain level was also
measured objectively using piezoelectric sensor-based ground force plate (GFP) for
peak vertical force (Newtons/kg body wt) and impulse area (Newtons-s/kg body
wt). Dogs were also examined every month for physical, hepatic (ALP, ALT, and
bilirubin) and renal (BUN and creatinine) functions. Based on observations, significant (P<0.05) reduction in pain was noted in WakFree-treated dogs (overall pain,
20%; pain upon limb manipulation, 27%; and pain after physical exertion, 30%),
without any significant change in the placebo group. Using GFP, increases in peak
vertical force and impulse area, indicative of a decrease in arthritis -associated pain,
were also observed in treated dogs. None of the dogs in either group showed
changes in physical, hepatic or renal functions. In conclusion, moderately arthritic
dogs treated with WakFree formula showed a marked reduction in arthritic pain
with maximum improvement by day 150. Arthritic dogs tolerated this formula
without any adverse event over a period of 150 days.

2025

COCOA FLAVANOLS AND THEIR MAIN HUMAN
METABOLITES PROTECT AGAINST OXIDATIVE
STRESS IN PRIMARY VASCULAR ENDOTHELIAL
CELLS.

E. Ruijters, A. Weseler, G. Haenen and A. Bast. Department of Toxicology,
Maastricht University, Maastricht, Netherlands. Sponsor: H. van Loveren.
Cocoa is a rich source of flavonoids, in particular of the subclass flavan-3-ols.
Evidence is accumulating that foods containing flavanols decrease the risk of developing cardiovascular disease. In order to elucidate the mechanism of their vascular
protective potential we studied the cellular and sub-cellular effects of flavanols and
their main human metabolites. Primary human umbilical vein endothelial cells
(HUVECs) were utilized to study the efficacy and toxicity of flavanols and their
main human metabolites in vitro. Neither cell death nor LDH leakage was observed in HUVECs after incubation with (-)-epicatechin (EC), (+)-catechin (Cat)
and their metabolites 3’-O-methyl-EC (3’ME), 4’-O-methyl-EC (4’ME), EC-7-βD-glucuronide (E7G), 4’-O-methyl-EC-7-β-D-glucuronide (4’ME7G) and EC4’-sulfate (E4’S) up to a concentration of 100 μM. This indicates an in vitro
NOAEL > 100 μM. Using scavenging assays, the protective properties of flavanols
against reactive oxygen species were evaluated. The scavenging capacity of metabolites for superoxide produced by xanthine and xanthine oxidase ranks EC ~ Cat ~
E7G > E4’S > 4’ME > 4’ME7G > 3’ME with EC as most active and 3ME as inactive. Using an intracellular fluorescent detector of oxidative stress revealed that flavanols also decrease intracellular oxidative stress in HUVECs in the ranking order
EC ~ Cat > E7G > 3’ME > 4’ME > 4’ME7G > E4’S. In conclusion our results show
that flavanols and their main human metabolites do not damage HUVECs up to a
concentration of 100 μM and offer intracellular protection against oxidative stress.
The authors acknowledge support from the European Union (grant 226588, entitled Flaviola, www.flaviola.org) within the Seventh Framework Program.

2026

ISOTHERMAL ANALYSIS OF FUMONISIN B1 AND
AFLATOXIN B1 ADSORPTION ONTO THE SURFACE
OF NOVASIL™ CLAY BY HIGH-PERFORMANCE
LIQUID CHROMATOGRAPHY (HPLC).

T. Mays, A. Marroquin-Cardona, N. Mitchell, K. Brown, S. Elmore and T. D.
Phillips. Veterinary Integrative Biosciences, Texas A&M Univeristy, College Station,
TX.
This study was conducted to evaluate the use of HPLC to measure the sorption of
Aflatoxin B1 (AFB1) and Fumonisin B1 (FB1) onto NovaSil™ clay (NS). AFB1
and FB1 were evaluated by HPLC at pH 2 and pH 6.5. Isotherms were run in triplicate with concentrations ranging from 0.4-8.0 (ppm). Three controls were analyzed with each isotherm and consisted of water, water plus clay, and AFB1 or FB1
(8 ppm). Fifty μl of clay solution (0.2%) were added to each sample as well as the
water plus clay control. The samples were capped, shaken for 2 hours at 1,000 rpm,

and later centrifuged at 2,000 rpm for 20 minutes. Samples for FB1 analysis were
derivatized with NDA (naphthalene-2,3-dicarboxaldehyde). Samples for AFB1 and
FB1 analysis were filtered and analyzed by HPLC with a Waters 2475 Fluorescence
detector. A photochemical reactor for enhanced detection (PHRED) was used for
AFB1. The data points were fitted using the Langmuir model, and the Qmax was
estimated at each pH. The Qmax for AFB1 was 0.43 and 0.25 at pH 2 and pH 6.5
respectively. The Qmax for FB1 was 0.10 at pH 2. FB1 is protonated at low pH
which enhances its binding to NS clay. At pH 6.5, NS has a low affinity for FB1
and the resulting isotherm does not fit the Langmuir model. When combined, a
lower percentage of each mycotoxin is bound to the clay. For instance, at 8 ppm
AFB1, the clay bound about 10% less when FB1 was present at the same concentration. For FB1, the clay bound about 67% less when AFB1 was present at the
same concentration. Recent studies in Ghana reported a reduction in both urinary
FB1 and AFM1 levels following intervention with NS in capsules at 1.5 or 3 g/day.
The inclusion level of NS clay used in the present study for isothermal analysis was
significantly lower than the levels used in participants in Ghana. Importantly, both
studies confirm the ability of NS to sorb these mycotoxins and indicate that HPLC
can be used to measure their surface interactions by isothermal analysis.

2027

DEVELOPMENT OF A MONOCLONAL ANTIBODY
AGAINST OKADAIC ACID AND ITS APPLICATION IN
ENZYME-LINKED IMMUNOSORBENT ASSAY AND
GOLD NANOPARTICLE
IMMUNOCHROMATOGRAPHIC STRIP.

F. Yu, B. Liu and C. Hung. Biomedical Sciences, Chung Shan Medical University,
Taichung, Taiwan. Sponsor: P. Lin.
Okadaic acid (OKA) is a toxin that accumulates in bivalves and causes diarrheal
shellfish poisoning. A monoclonal antibody (mAb) specific to okadaic acid (OKA)
was produced from a stable hybridoma cell line, 6B1A3, generated by the fusion of
P3/NS1/1-AG4-1 myeloma cells with spleen cells isolated from a BALB/c mouse
immunized with OKA-r-globulin. The 6B1A3 mAb belongs to the immunoglobulin G1 (K chain) isotype. A competitive direct enzyme-linked immunosorbent
assay (cdELISA) and a competitive indirect ELISA were established for antibody
characterization. The concentrations causing 50% inhibition of binding of OKAhorseradish peroxidase to the antibody by OKA were found to be 0.075 ng/mL in
the cdELISA. A sensitive and rapid mAb-based gold nanoparticle immunochromatographic strip was also developed using this mAb. This strip has a detection
limit of 5 ng/mL for OKA and can be completed in 10 min. Close examining 20
seafood samples by cdELISA revealed that 12 were slightly contaminated with
OKA, with a mean concentration of 1.5 ng/mL. Analysis of OKA in seafood samples revealed that data obtained from immunochromatographic strip were in a good
agreement with those obtained from cdELISA. The mAb-based cdELISA and immunochromatographic strip assay established in this study were sensitive and accurate for rapid screening of OKA in seafood samples.

2028

THE TOXICITY OF MONILIFORMIN—A COMMON
FUSARIUM MYCOTOXIN.

K. Peltonen1, M. Jestoi1, M. Jonsson1, J. Atosuo2, A. Nathanail1, P. Koivisto1,
U. Kokkonen1, M. Anttila1 and E. Lilius2. 1Chemistry and Toxicology, Finnish
Food Safety Authority, Helsinki, Finland and 2University of Turku, Turku, Finland.
Moniliformin (MON) detected worldwide and the highest detected values in
human food have been close to 20 mg/kg. MON acts as an inhibitor of thiamine
pyrophosphate depending enzymes and the induction of oxidative damage is also
reported.Caco-2 cells were grown on anopore-inserts and MON and dexamethasone (positive control) in mannitol was added on apical side. Samples were collected from basolateral side and integrity of the cell layer was monitored. Samples
were analyzed with mass spectrometry using 13C-mannitol as an internal standard.
The acute oral toxicity of MON was determined according to OECD-guideline
423 (3 male rats/group, a starting dose of 50 mg/kg bw following 5 mg/kg bw). The
subacute oral toxicity was tested according to OECD-guideline 407 (5 male
rats/group, 3,6,9,12 and 15 mg/kg bw/day + two satellite groups). Animals were
kept in metabolic cages and urine was collected. At the end of the experiment, animals were euthanized and subjected to necropsy (experiments were approved by the
National Animal Experiment Board). The exposed cell cultures ruptured in 60
minutes. The apparent permeability coefficient (Papp) was 1.59 x 10-5 and 2.11 x
10-5 for MON and DEXAM, respectively. One metabolite of MON with an accurate mass of 110.9718 Da (48% intensity) was detected in all exposed wells. In the
acute toxicity the LD50-cut-off –value was 5-25 mg/kg bw (Globally Harmonized
Classification System, category 2). Survived animals showed reduced activity and
transient muscular weakness with quick recovery. At the lethal dose a rapidly pro-

gressive muscular weakness, respiratory distress, cardiac arrhythmia, coma and
death were observed. No specific macroscopic or histopathological changes were
seen. MON was excreted to urine within the first six hours (42 % of the administered dose). The preliminary data from the subacute exposure indicates a NOEAL
value of 6 mg/kg bw/day (low neutrophil activity).

2029

MODIFIED HYDRA BIOASSAY TO EVALUATE
COMBINED EFFECTS OF AFLATOXIN B1 AND
FUMONISIN B1

K. Brown, A. Marroquin-Cardona, N. Mitchell, T. Mays, S. Elmore, K.
Zychowski and T. Phillips. Veterinary Integrative Biosciences, Texas A&M University,
College Station, TX.
Lack of national regulation systems and food security in developing countries often
leads to chronic exposure of vulnerable populations to aflatoxin B1 (AFB1) and fumonisin B1 (FB1) with contamination levels of both mycotoxins often exceeding
U.S. action limits. Montmorillonites (i.e. NovaSil, NS), have been suggested as natural enterosorbents for aflatoxins in animal feeds and recently in human food. NS
and its refined form, Uniform Particle Size NovaSil or UPSN, have similar binding
affinities for AFB1 and FB1, suggesting a potential dual sorption ability of the clay.
Hence, our objectives in the present work were to develop a rapid in vivo assay to
predict the combined toxicity of AFB1 and FB1 and to evaluate the protective effects of UPSN. The freshwater polyp, Hydra vulgaris, is a useful organism to utilize
as an intermediate between in vitro and higher organism toxicity testing. A culture
of cloned hydra were exposed to FB1 (100-400 ppm), AFB1 (5-30 ppm) and combinations of the two toxins with and without UPSN. Toxic response was documented over 92 hours with 11 toxicity ratings based on phenotype and mortality.
Sorption assays were conducted to investigate competition of AFB1 and FB1 for
binding sites to UPSN. Results showed that the minimum effective concentration
(MEC) for AFB1 in hydra was 25 ppm, while the MEC for FB1 was not reached.
When in combination, the MEC was 400 ppm FB1 + 10 ppm AFB1. UPSN protected the hydra from the toxic endpoint at all tested levels. Initial binding assays
showed a possibility of site specific competition between AFB1 and FB1. When in
combination (10 ppm AFB1 + 400 ppm FB1 + 0.4 mg clay), UPSN bound 20% less
aflatoxin, and 5% less fumonisin than when alone. This study demonstrates that
the combination of aflatoxin and fumonisin results in a more toxic response to the
hydra and that UPSN is able to confer protection by absorbing both mycotoxins.
This research was supported by USAID LAG-G-00-96-90013-00 and NIH
1RO1MD005819-01.

2030

EXCESSIVE CONSUMPTION OF CATECHIN-RICH
BEVERAGE HAS NO IMPACT ON LIVER FUNCTION.

E. Shibata, M. Takeshita, M. Katashima and T. Yasumasu. Health Care Food
Research Laboratories, Kao Corporation, Tokyo, Japan. Sponsor: M. Soni.
Background: Green tea has a long tradition of consumption in the East. The popularity of green tea is increasing in the West as extensive scientific studies have reported that the main ingredients, catechins, have potential health benefits in the
management of obesity associated cardiovascular diseases (CVD) due to promotions of thermogenesis and fat oxidation. However, few studies have investigated effects of daily consumption of the beverages enriched with catechins on biochemical
safety parameters as well as body weight in human. We aimed to assess the impacts
of catechin- rich beverage in a large-scale population. Methods: In this report, we
have critically examined data from 354 subjects (M: 168, F: 186, Age: 20-64 y,
BMI: 22-30 kg/m2) from eleven clinical studies, conducted as per the standard
safety guidelines from Japanese Government on Food for Specified Health Use, to
evaluate safety of consuming threefold serving size of the catechin-rich beverage.
The study design was a randomized, double-blind, controlled, parallel study with
two arms. Healthy Japanese men and women were divided into two groups who
consumed either three bottles of catechin-rich beverage or three bottles of conventional beverage per day for 4 weeks. The subjects were reorganized into catechin
group (n=276) consuming 1.8-1.9 g catechin/day or control group (n=78) consuming <0.2 g catechin/day derived from the test beverages, and then analyzed on
intention to treat basis. Results: The results of this analysis revealed significantly
lowered body weight (-0.64 kg vs. -0.25 kg, p<0.001), waist circumference (-0.6
cm vs. -0.1 cm, p<0.001), HbA1c (-0.04 % vs. +0.03 %, p<0.001) in the catechin
group than the control group, and consistent with previous reports. No significant
changes were observed in biochemical parameters related to liver function including AST, ALT and γ-GTP in both groups and between groups. Conclusion:
Continuous, daily consumption of a catechin-rich beverage will be safe to contribute to the management of obesity linked to CVD.
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2031

RESISTANCE OF MAIZE VARIETIES TO THE GROWTH
OF TOXIGENIC STRAINS OF ASPERGILLUS FLAVUS.

M. DeLuna-Lopez1, A. Valdivia-Flores1, F. Jaramillo-Juarez1, J. Reyes-Sanchez2,
R. Ortiz-Martinez1, A. Martinez-de Anda1 and T. Quezada-Tristan1. 1Universidad
Autonoma de Aguascalientes, Aguascalientes, Mexico and 2Centro de Investigación y
Estudios Avanzados. IPN, Mexico, Mexico. Sponsor: G. Pallas-Guzman.
Aflatoxins (AFs) are naturally occurring mycotoxins which are produced by many
species of Aspergillus, mainly A. flavus. They can colonize and contaminate grains
before harvest or during storage. The AFs are carcinogenic compounds which produce numerous alterations in humans and animals that ingest contaminated grains.
Several strategies have been developed to control the presence of AFs in food; one of
them is the selection of grains and seeds which have a greater resistance to fungi
which produce AFs. This strategy seems to be one of the safest and most economical. The objective was to evaluate the resistance of several maize varieties toxigenic
strains of A. flavus in laboratory, with controlled conditions of temperature, humidity and infective dosis. Infective procedure was performed with spores from 2
Mexican toxigenic strains of A. flavus. Inactivated spores from A. flavus were added
to immature grains of 11 maize varieties and then incubated for 14 days using 5 humidity levels. AFs concentrations were measured via HPLC. The least sensitive varieties to A. flavus were; Popcorn, 30G40 and As910, which showed resistance to
fungi growth and AFs contamination. On the other hand, the Criollo, Cal-Oro,
3028W and 30R39 varieties, allowed the growth of the 2 strains of A. flavus to be
rapid and abundant. The other varieties had an intermediate growth. The growth of
fungi was associated with the production of AFs, which was found to be between
13.4 y 40.6 mg/kg. The range exceeds the allowable limit. These results demonstrate variability in the genetic resistance to A. flavus strain growth in the varieties
tested. This variability suggests that selecting maize could contribute to control the
fungi growth, as well as to decreasing food contamination by AFs. This can help
mitigate the carcinogenic and toxic effects on human and animal health.

2032

OXPHOS-DEPENDENT CELLS IDENTIFY
ENVIRONMENTAL DISRUPTORS OF
MITOCHONDRIAL FUNCTION.

D. Ackerman and S. O. Simmons. ORD/NHEERL/ISTD, US EPA, Research
Triangle Park, NC. Sponsor: W. Mundy.
Mitochondrial dysfunction is associated with numerous chronic diseases including
metabolic syndrome. Environmental chemicals can impair mitochondrial function
through numerous mechanisms such as membrane disruption, complex inhibition
and electron transport chain uncoupling. Currently, high-throughput toxicity
screening efforts by Tox21 utilize culture conditions that facilitate ATP production
exclusively through glycolysis, not oxidative phosphorylation, and therefore these
cells may be less susceptible to mitochondrial toxicants. To demonstrate this, we
cultured HEK293T cells in media supplanted with galactose rather than glucose,
thereby forcing ATP production via oxidative phosphorylation. To compare media
conditions, both galactose and glucose-grown cells were exposed to fifty test compounds, including those with known mitochondrial toxicity (e.g., rotenone, antimycin and carbonyl cyanide 4-(trifluoromethoxy) phenylhydrazone (FCCP)).
After exposure, total cellular ATP levels were measured using the Cell Titer Glo™
viability assay. Exposure to many compounds comparably reduced viability in
galactose- and glucose-grown cells. However, a subset of test compounds, including
dibutyltin maleate, methyl mercury (II) chloride and thiram were much more toxic
to galactose-grown cells, suggesting cytotoxicity through mitochondrial disruption.
Additionally, cytotoxicity in galactose-grown cells was observed at lower concentrations than those eliciting other stress responses (i.e., oxidative stress, heat shock response, etc.) in previous studies using glucose-grown cells. These results suggest
that mitochondrial toxicity is a primary cause of cytotoxicity for certain environmental chemicals and cannot be properly assessed in anaerobically-conditioned cell
models. (This is an abstract of a proposed presentation and does not necessarily reflect US EPA policy).

2033

SIMPLIFIED METHODS TO STUDY
INTERRELATIONSHIP BETWEEN MITOCHONDRIAL
HEALTH AND CELL HEALTH.

K. Tyagarajan, J. Clor, K. Gillis and K. Tran. Research and Development, EMD
Millipore, Hayward, CA. Sponsor: R. Wiese.
Mitochondria play important roles in the process of cellular respiration, maintenance of reactive oxygen species and control of cell survival as a part of apoptosis.
Mitochondrial changes are implicated early in multiple cell death pathways and are
important to both caspase and non-caspase mediated apoptosis. Thus, rapid and
simplified testing methods for drug induced mitochondrial dysfunction is vitally
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important to understanding mechanism of compound action. To explore the interrelationship between mitochondrial changes and cell death we have developed a series of multiplexed assays that provides information on the status of mitochondrial
and cell health utilizing benchtop microcapillary cytometry. One of the screening
assays is a multiparametric assay that provides information simultaneously on mitochondrial membrane potential, annexin V based apoptosis and cell death in the
same cellular samples. Another assay evaluates, changes in mitochondrial superoxide levels and apoptosis. Application of these assays to the study of a number of
compounds provides interesting aspects that may be missed by assays that rely
solely on apoptosis or cell death based information. Thus in controlled studies,
compounds such as niclosamide show an early and rapid impact on mitochondrial
membrane potential with little impact on apoptosis and cell death, longer time of
treatment results on impact on all three parameters. Diamide, a thiol oxidant
demonstrates early impact on mitochondrial superoxide levels, changes in mitochondrial potential and cellular vitality followed by a slower impact on cellular vitality, apoptosis and cell death. Organomercurials such as Thimerosal, shows rapid
and simultaneous impacts on mitochondrial membrane potential, apoptosis and
cell death. The study of the inter-relationships between mitochondrial potential
changes, apoptosis and cell death may thus provide more sensitive and comprehensive methods to evaluate impact on mitochondrial function and cellular health and
understanding the mechanistic basis for the action of compounds.

2034

MONOLYSO-CARDIOLIPIN—BIOMARKER OF
MITOCHONDRIAL DYSFUNCTION INDUCED BY
TOTAL BODY IRRADIATION. LC-ESI-MS STUDY.

V. A. Tyurin1, H. Zhao1, Y. Tyurina1, M. W. Epperly2, J. S. Greenberger2 and V.
E. Kagan1. 1EOH, University of Pittsburgh, Pittsburgh, PA and 2Radiation Oncology,
University of Pittsburgh, Pittsburgh, PA.
Oxidized phospholipids and their hydrolysis products are important signaling participants of the mitochondrial stage of apoptosis. Although cardiolipin (CL) comprises a minor fraction of cell phospholipids, its regulatory function is central to cell
activity. Previously, we demonstrated that total body irradiation (TBI) results in oxidation of CL in small intestine and lung. Characterization of individual oxidized
molecular species of CL and their hydrolysis products is essential for further understanding of mechanisms of radiation damage and development of radioprotectors/radiomitigators. C57BL6 mice were exposed to TBI at a dose of 10 Gy and
sacrificed 0, 10 and 24 h thereafter. Oxidative lipidomics analysis of CL and its hydrolysis products isolated from lung, brain, bone marrow, small intestine and
plasma was preformed. We found that TBI results in significantly decreased content
of CL in small intestine, bone marrow (5.3- and 2.4-times, respectively) compared
to lung and brain tissues. We were able to detect a significant accumulation of nonoxidized monolyso-CL (MCL) in tissues from irradiated mice. In addition, we
found that MCL was a major CL hydrolysis product containing exclusively linoleic
acid. Moreover, a significant increase of CL molecular species containing four
linoleic acids (m/z 1448) was found in plasma of mice 10 h after TBI. We suggest
that appearance of mitochondrial phospholipid, CL, and its metabolites in plasma
of irradiated mice may reflect tissue-specific irradiation-induced metabolic disturbances and serve as biomarkers of mitochondrial dysfunction induced by TBI.
Supported by NIOSH OH008282; NIH U19 AI068021, HL70755, HL094488,
ES020693.

2035

MITOCHONDRIA TARGETING OF
NONPEROXIDIZABLE TRIPHENYLPHOSPHONIUMCONJUGATED OLEIC ACID PROTECTS MOUSE
EMBRYONIC CELLS AGAINST APOPTOSIS: ROLE OF
CARDIOLIPIN REMODELING.

Y. Tyurina, M. A. Tungekar, M. Jung, V. A. Tyurin, D. A. Stoyanovsky and V.
E. Kagan. EOH, University of Pittsburgh, Pittsburgh, PA.
The early stage of intrinsic apoptosis is characterized by the formation of cardiolipin (CL) /cytochrome c complexes in mitochondria that exhibit a potent peroxidase activity towards polyunsaturated CL. Accumulation of CL oxidation products
in mitochondria of apoptotic cells has been found essential for the release of proapoptotic factors into the cytosol. We suggested that integration of mono-unsaturated octadecaenoic acid (C18:1) into CL – via its remodeling pathways in mitochondria - will generate nonoxidizable CL species hence protect cells against
apoptosis. We synthesized a nonperoxidizable triphenylphosphonium (TPP) C18:1
ester (TPP-C18:1) and used it for targeted delivery into mitochondria of mouse
embryonic cells (MEC). Using oxidative lipidomics analysis we established that
pro-apoptotic stimulation with actinomycin D (AcD) was accompanied by selective oxidative consumption of CL molecular species containing polyunsaturated oc-

tadecadienoic, eicosatetraenoic, eicosatrienoic, docosahexaenoic and docosapentaenoic acids. Pretreatment of MEC with TPP-C18:1 resulted in: i) significant decrease of CL polyunsaturated molecular species and simultaneous elevation of
nonoxidizable CL molecular species containing C18:1 and ii) suppression of AcD
induced apoptosis. An inhibitor of long chain acyl-CoA synthase, triacsin C,
blocked integration of C18:1 into CL molecules and restored MEC’s sensitivity to
AcD-induced apoptosis. Thus, metabolic remodeling of CL can be a new strategy
in regulation of apoptotic cell death pathway and lead to the development of new
preventive and therapeutic approaches against pathological conditions where apoptosis is a major contributor, eg, acute radiation syndrome. Supported by NIH U19
AI068021, HL70755, HL094488, ES020693, NIOSH OH008282.

doxycycline because mitochondria did not depolarize at cytoprotective concentrations and no cytoprotection was observed with MMP inhibitors. Rather, inhibition
of Fe2+ and/or Ca2+ uptake through MCU likely underlies cytoprotection by
Ru360, minocycline and doxycycline.

2038

ETHYLMERCURY INDUCES ER STRESS AND
MITOCHONDRIA-MEDIATED APOPTOSIS.

J. Choi, Y. Park and M. Dong. School Lifesciences and Biotechnology, Korea
University, Seoul, Republic of Korea. Sponsor: B. Lee.

2036

A MITOCHONDRIA-TARGETED IMIDAZOLESUBSTITUTED FATTY ACID INHIBITS CYTOCHROME
C PEROXIDASE AND MITIGATES RADIATIONINDUCED DEATH.

J. Atkinson4, 2, A. Kapralov1, 2, N. Yanamala1, 2, Y. Tyurina1, 2, A. Amoscato1, 2,
L. Pearce1, J. Peterson1, Z. Huang1, 2, J. Jiang1, 2, A. Samhan-Arias1, 2, A.
Maeda1, 2, W. Feng1, 2, N. Belikova1, 2, V. Tyurin1, 2, H. Wang1, 2, J. Fletcher4,
Y. Wang4, I. Vlasova1, 2, J. Klein-Seetharaman1, 2, D. Stoyanovsky1, 2, H. Bayir1,
2, B. Pitt1, M. Epperly3, 2, J. Greenberger3, 2 and V. Kagan1, 2. 1EOH, University
of Pittsburgh, Pittsburgh, PA, 2Center for Medical Countermeasures against
Radiation, University of Pittsburgh, Pittsburgh, PA, 3Radiation Oncology, University
of Pittsburgh, Pittsburgh, PA and 4Chemistry, Brock University, St. Catharines, ON,
Canada.
The risk of radionuclide release in terrorist acts or exposure of healthy tissue during
radiotherapy demand novel potent radioprotectants. Ionizing radiation induces cell
death by initiating the selective peroxidation of cardiolipin (CL) in mitochondria
by the peroxidase activity of its complex with cytochrome c leading to release of hemoprotein into the cytosol and commitment to the apoptotic program. We designed and synthesized mitochondria-targeted triphenylphosphonium-conjugated
imidazole-substituted oleic (TPP-OA) and stearic (TPP-SA) acids. We found that
TPP-IOA and TPP-ISA exerted strong specific liganding of heme-iron in cyt c/CL
complex, effectively suppressed its peroxidase activity and CL peroxidation. In addition, TPP-IOA and TPP-ISA prevented cell death induced by irradiation. Both
TPP-IOA and TPP-ISA protected/mitigated C57BL6 mice against lethal doses of
irradiation. Significant radioprotective/radiomitigative effects of TPP-OA were observed after pretreatment of mice from 1 h before through 24 h after irradiation.
This is an important advance in the development of radioprotectors with broad
spectrum of applications in biomedicine and biodefense. Supported by NIOSH
OH008282; NIH U19 AI068021, HL70755, HL094488, ES020693, ES021068.

Mercury is one of the most important environmental and industrial pollutants
throughout the world. Exposure to mercury causes strong damage to organs including the brain, blood, liver, bone and kidneys. Renal proximal tubular cells represent the primary target site where mercury is taken up, accumulated, and expresses toxicity. We previously investigated the cytotoxicity of seven kinds of
mercury compounds in human renal proximal tubule (HK-2) cells. Our experimental data demonstrated that ethylmercury was shown the strongest cytotoxicity
among them at 24h and 48h exposure in HK-2 cells. In this study, we explored the
mechanism of ethylmercury induced cytotoxicity in HK-2 cells. Ethylmercury
chloride (EMC) induced cytotoxicity with 2.4 and 0.76 uM of IC50 values exposed for 24h and 48h, respectively. For 24h exposure to 1 and 2 μM of EMC, The
cells were dose-dependently undergone the apoptosis in FACS analysis. After 4h
treatment of cells to 2 μM EMC, cleaved of caspase-9 and caspase-12 which are activated by ER stress, were markedly activated. EMC was up-regulated the mRNA of
CHOP (transcription factor, C/EBP homologous protein), XBP1 (X-box binding
protein-1), ERdj4 (endoplasmic reticulum-localized DnaJ homologues) and
GRP78 (78 kDa glucose-regulated protein) expression. In HK-2 cells exposed to 2
μM EMC, phosphorylated eIF2 and CHOP protein were increased at 3h and
GRP78 protein at 12h. To determine the EMC induced oxidative stress, we observed the changes in mitochondrial membrane potential with JC-1 and gene expression using RT-PCR analysis in HK-2 cells. ECM was increased the accumulation of JC-1 monomers in mitochondria from 0.5 to 2 μM concentrations in a
dose-dependent manner. The expression of Hic (hydrogen peroxide-inducible
clone)-5, which were related to oxidative stress, was also induced by EMC treatment. Collectively, these results suggested that EMC exposure induced apoptosis
via ER stress and mitochondrial dysfunction in human renal proximal tubule (HK2) cells. * This research was support by a grant (10182KFDA992-2101) from Korea
Food & Drug Administration in 2011
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MINOCYCLINE AND DOXYCYCLINE CYTOPROTECT
BY INHIBITION OF THE MITOCHONDRIAL CALCIUM
UNIPORTER AND NOT BY OTHER MECHANISMS.

J. Schwartz1, X. Zhang1, G. L. Lovelace1 and J. J. Lemasters1, 2. 1Pharmaceutical
Sciences, Medical University of South Carolina, Charleston, SC and 2Biochemistry,
Medical University of South Carolina, Charleston, SC.
BACKGROUND: Minocycline and doxycycline are tetracycline derivatives that
protect hepatocytes and other cell types against hypoxia and ischemia/reperfusion
(I/R) injury. Previously, we showed the minocycline and doxycycline inhibit Fe2+
and Ca2+ uptake through the mitochondrial Ca2+ uniporter (MCU). The AIM of
this study was to evaluate competing hypotheses for the mechanism of cytoprotection by minocycline and doxycycline, namely: 1) mitochondrial depolarization suppressing iron and Ca2+ uptake and formation of reactive oxygen species, 2) MCU
inhibition, and 3) inhibition of matrix metalloproteases (MMP). METHODS:
Primary rat hepatocytes were incubated in buffer containing fluorescent indicators
of Ca2+ (Fluo-5N), membrane potential (Rh123) and cell viability (propidium iodide) with test compounds or vehicle in models of ischemia/reperfusion and chemical hypoxia (KCN and iodoacetic acid). Fluorescence of indicators was assayed by
a NovoStar multi-well plate reader. RESULTS: Minocycline and doxycycline (20
and 10 μM respectively) and Ru360, a specific MCU inhibitor, diminished I/R-induced cell death without causing mitochondrial depolarization. By contrast, higher
concentrations (100 μM) of minocycline and doxycycline caused depolarization
and simultaneously increased cell death. MMP inhibitors MMP2/MMP9 Inhibitor
I (5 – 500 μM) and Cis-9-Octadeconyl-N-hydroxylamide (1 – 100 μM) did not
protect against any parameter measured. CONCLUSION: Mitochondrial depolarization and MMP inhibition do not explain cytoprotection by minocycline and

CADMIUM-INDUCED OXIDATIVE STRESS DAMAGE
CAUSES NEURON CELLS APOPTOSIS THROUGH
JNK/MITOCHONDRIA-DEPENDENT/ENDOPLASMIC
RETICULUM STRESS PATHWAYS.

L. Tsai1, T. Tseng2, T. Lu1, D. Hung3, C. Su4, C. Yen5, C. Huang6, S. Liu7 and
Y. Chen8. 1Graduate Institute of Basic Medical Science, China Medical University,
Taichung, R.O.C., Taiwan, 2Department of Anatomy, China Medical University,
Taichung, R.O.C., Taiwan, 3Toxicology Center, China Medical University Hospital,
Taichung, R.O.C., Taiwan, 4Department of Otorhinolaryngology, Head and Neck
Surgery, Changhua Christian Hospital, Changhua, R.O.C., Taiwan, 5Department of
Occupational Safety and Health, Chung Shan Medical University, Taichung, R.O.C.,
Taiwan, 6School of Chinese Medicine, China Medical University, Taichung, R.O.C.,
Taiwan, 7Institute of Toxicology, National Taiwan University, Taipei, R.O.C.,
Taiwan and 8Department of Physiology, China Medical University, Taichung, R.O.C.,
Taiwan.
Cadmium (Cd), a well-known toxic metal, is an important pollutant throughout
the world. In mammalian, exposure to Cd causing injuries of kidney, liver and osseous system has been demonstrated. Although some studies have shown the possible connections between neurodegenerative disorders and Cd exposure, the toxic
effects of Cd on neuron cell are still unclear. In this study, we designed to investigate the effects and possible mechanisms of Cd-induced neuron cell death. Our results found that after exposed to Cd in cultured Neuro-2a cells for 24 h obviously
decreasing the viable cells,mitochondrial membrane potential, and led to glutathione depletion in a dose-dependent manner with a range from 1 to 20μM,
which accompanied by a marked Cd accumulation in cytosol. Cd also induced the
protein phosphorylation of JNK, the disruption of mitochondrial function, Bcl-2
down-regulation, Bax up-regulation, the activation of PARP and caspase cascades,
displaying features of mitochondria-dependent apoptotic signaling pathways.
Furthermore, exposed Neuro-2a cells to Cd could trigger endoplasmic reticulum
(ER) stress as indicated by the alterations of glucose-regulated protein (GRP) 78,
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CHOP, caspase-12, and calpain expression. N-acetylcysteine could effectively reverse these Cd-induced cellular responses. Altogether, our data suggest that Cd-induced oxidative stress causes neuron cell apoptosis via JNK/mitochondria-dependent and ER stress-triggered signal pathways.

2040

INVOLVEMENT OF OXIDATIVE STRESS-INDUCED
ERK/JNK ACTIVATION IN THE CU2+/PYRROLIDINE
DITHIOCARBAMATE COMPLEX-TRIGGERED
MITOCHONDRIA-REGULATED APOPTOSIS IN
PANCREATIC β-CELLS.

Y. Chen1, S. Liu2, C. Su3, T. Lu1, D. Hung4, C. Yen5 and C. Huang6.
1Department of Physiology and Graduate Institute of Basic Medical Science, China
Medical University, Taichung, Taiwan, 2Institute of Toxicology, National Taiwan
University, Taipei, Taiwan, 3Department of Otorhinolaryngology, Changhua
Christian Hospital, Changhua, Taiwan, 4Toxicology Center, China Medical
University Hospital, Taichung, Taiwan, 5Department of Occupational Safety and
Health, Chung Shan Medical University, Taichung, Taiwan and 6School of Chinese
Medicine, China Medical University, Taichung, Taiwan.
Oxidative stress was demonstrated to promote the progression of diabetes mellitus.
It has been suggested that copper may play a specific role in the progression and
pathogenesis of DM. Pyrrolidine dithiocarbamate (PDTC), a widely apply to the
medicine and pesticide, was known to be capable of enhancing copper accumulation. In this study, we investigated the effect of submicromolar-concentration
Cu2+/PDTC complex on pancreatic β-cell damage and evaluated the role of oxidative stress in this effect. CuCl2 (0.01~300 μM) did not affect the cell viability in
RIN-m5F cells. However, combination of CuCl2 (0.5 μM) and PDTC (0.3 μM)
markedly reduced RIN-m5F cell viability. Cu2+/PDTC complex could also increase in oxidative stress damage, and display several features of mitochondria-dependent apoptosis signals, which accompanied with the marked increase the intracellular Cu2+ levels. These apoptotic-related responses of Cu2+/PDTC
complex-induced could be effectively prevented by antioxidant NAC.
Furthermore, Cu2+/PDTC complex was capable of increasing the phosphorylations of ERK1/2 and JNK, and its upstream kinase MEK1/2 and MKK4, which
could be reversed by NAC. Transfection with ERK2-siRNA and MAPK8-shRNA
and specific inhibitors SP600125 and PD98059 could inhibit ERK1/2 and JNK
activation and attenuate MMP loss and caspase-3 activity induced by the
Cu2+/PDTC complex. Taken together, these results are the first report to demonstrate that the Cu2+/PDTC complex triggers a mitochondria-regulated apoptosis
via an oxidative stress-induced ERK/JNK activation-related pathway in pancreatic
β-cells.

2041

PBDES CONGENERS (BDE-209, BDE-99, AND BDE-47)
DECREASE THE MITOCHONDRIAL MEMBRANE
POTENTIAL AND INCREASE ROS ACCUMULATION
LEADING TO HEPG2 CELL DEATH.

A. O. Souza1, D. P. Oliveira2 and D. J. Dorta1. 1Química, FFCLRP-USP, Ribeirão
Preto, SP, Brazil and 2Análises Clínicas, Bromatológicas e Toxicológicas, FCFRP-USP,
Ribeirão Preto, SP, Brazil.
Polybrominated diphenyl ethers (PBDEs) are a class of flame retardants with evidences of toxic potential due their high bioaccumulation potential and lipophilicity. These compounds have shown different toxic effects on health which are not yet
understood. This work investigated the potential of BDE-47, BDE-99 and BDE209 to modify the intracellular homeostasis of HepG2 cells assessing changes on
mitochondrial membrane potential and reactive oxygen species accumulation
which can lead to cell death. Cell viability was assessed by MTT assay, while mitochondrial depolarization and ROS accumulation were measured using the fluorescence dyes TMRM and CM-H2DCFDA, respectively. Cells were incubated at
37°C, in an atmosphere containing 5% CO2 and 96% relative humidity for 24 h
before treatment. PBDEs congeners in concentrations ranging from 0.1μM to
25μM were then incubated with the cells for 24 and 48 hours. Our results showed
that PBDEs congeners BDE-47 and BDE-99 can decrease cell viability after incubation with 10 μM or higher, while BDE-209 showed significant result only in the
highest concentration evaluated. The change on cell viability was caused by a significant decrease of the mitochondrial membrane potential showed by all tested
congeners. In addition, it was demonstrated that BDEs -47 and -99 had also potential to increase reactive oxygen species accumulation in a dose-dependent manner, while BDE-209 induced ROS accumulation for all tested concentrations.
These results are evidences that the cytotoxic potential of PBDEs are demonstrated
for all tested congeners, however the congeners that have fewer brominated substituent are more toxic on HepG2 cell; and their toxic potential is related to a disturbance on mitochondrial membrane potential and ROS accumulation.
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STUDY OF EMERGENT FUSARIUM MYCOTOXINS BY
MITOCHONDRIAL MEMBRANE POTENTIAL
CHANGES ON HEPG2 CELLS USING FLOW
CYTOMETRY.

A. Juan-Garcia, M. Ruiz and G. Font. Laboratory of Toxicology, University of
Valencia, Valencia, Spain.
Mycotoxins toxicity has been related with inhibition of protein synthesis, mitochondrial dysfunction, formation of DNA adducts, disruption of calcium homeostasis and ROS generation.
Disruption of mitochondrial membrane potential (MMP) in the cell cycle and increase of apoptotic in Hep G2 cells of four emergent Fusarium mycotoxins, enniatin A (EN A), enniatin A1 (EN A1), enniatin B (EN B) and enniatin B1 (EN B1)
using flow cytometry were studied. The data comprise the measurements of a dual
staining for MMP using TMRM and for plasma membrane permeability by ToPro3; and a single staining for DNA analysis and cell cycle phase distribution by PI.
It was demonstrated for the first time that a depolarization of the mitochondrial
membrane in HepG2 cells by the emergent mycotoxins treatment triggers the mitochondrial pathway leading to cell death. An altered mitochondrial response in
HepG2 cells was observed after 24h incubation. A different decline of MMP was
accompanied by decreasing cell viability. Arrest of cell cycle phases were affected by
time exposure and concentration of mycotoxins studied. All the paremeters studied
varied depending on the ENs tested. Cells arrested in G2/M phase prevents cells
from entering or completing division or cells may enter slowly, arrrest of S phase
slows the cell cycle possibly related with effects occuring during M phase.
This work has been supported by the Science and Innovation Spanish Ministry
(AGL 2010-17024/Ali).

2043

MULTIPLE CELL-DEATH MECHANISMS ARE
TRIGGERED IN HEPATOTOXICITY INDUCED BY
ACROLEIN, AN ENVIRONMENTAL POLLUTANT AND
LIPID PEROXIDATION PRODUCT.

M. Mohammad1, D. Avila1, J. Zhang1, J. Jokinen2, G. Arteel2, C. McClain1, 2,
3, S. Barve1, 2 and S. Joshi-Barve1. 1Department of Medicine/GI, University of
Louisville, Louisville, KY, 2Pharmacology and Toxicology, University of Louisville,
Louisville, KY and 3Louisville VAMC, Louisville, KY.
Background: Acrolein is a common environmental, food and water pollutant and a
major component of cigarette smoke. Also, it is produced endogenously via lipid
peroxidation and the metabolism of certain amino acids and drugs. Importantly,
acrolein has been identified as both a product and an initiator of lipid peroxidation
and oxidative stress. Acrolein is known to be cytotoxic to many cell types including
hepatocytes; however the underlying molecular mechanisms are not fully understood. Methods: Primary hepatocytes and human hepatoma cells (HepG2) were
used to study acrolein-induced hepatotoxicity; and to study endoplasmic reticulum
stress (ERS), mitochondrial death pathways and the induction of apoptosis. Results
and Conclusions: Acrolein was cytotoxic and caused a dose-dependent loss of survival of hepatic cells. Cell death was apoptotic at moderate and necrotic at high cytotoxic concentrations of acrolein. Acrolein exposure (i) caused a rapid and dramatic decrease in the intracellular antioxidant glutathione and overall antioxidant
capacity; (ii) activated the signaling kinases JNK and p38 MAPK; (iii) induced endoplasmic reticulum stress and activated ERS proteins PERK, eIF2α,
Gadd153/CHOP and ATF-3, -4, and -6; and (iv) disrupted mitochondrial integrity and function as evidenced by fluorescence microscopy, High-Content
Cellomics analysis, and depletion of cellular ATP. We postulate that acrolein triggers multiple cell death mechanisms which together contribute to its hepatotoxicity. Our study defines basic mechanisms contributing to liver injury caused by oxidative stress molecules and reactive aldehyde pollutants such as acrolein.
This study was funded by grants from NIH-NIAAA, NIH-NIEHS and VA.
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A DUAL ROLE FOR POLY(ADP-RIBOSE) POLYMERASE1 IN THE REGULATION OF CASPASE ACTIVATION.

F. Zhang, S. S. Lau and T. J. Monks. Department of Pharmacology and Toxicology,
College of Pharmacy, University of Arizona, Tucson, AZ.
We have shown that 2,3,5-tris(glutathion-S-yl)hydroquinone (TGHQ), a metabolite of benzene, catalyzes the generation of reactive oxygen species (ROS) and caspase-dependent apoptosis in HL-60 cells. We now report that TGHQ induced severe DNA damage, as evidenced by DNA ladder formation and H2AX
phosphorylation, and the subsequent activation of the DNA nick sensor enzyme,
PARP-1, leading to rapid ATP and NAD depletion and the presence of poly(ADPribosylated) proteins (PARs). PJ-34 (a PARP-1 inhibitor) completely prevented the

formation of PARs, partially attenuated TGHQ-mediated ATP depletion, but had
no effect on NAD depletion. Intriguingly, although z-vad-fmk (a pan-caspase inhibitor) attenuated TGHQ-induced apoptosis, co-treatment with PJ-34 led to a
further decrease in apoptosis. The findings suggest that PARP participates in caspase activation during the apoptotic response to DNA-damage. Indeed, PARP-1
inhibition appears to reduce TGHQ-induced capase-3,-7, and -9 activation by attenuating cytochrome C translocation from mitochondria to the cytoplasm. In
contrast, PJ-34 potentiated TGHQ-induced caspase-8 activation, suggesting that
PARP-1 plays a dual role in regulating TGHQ-induced apoptosis via opposing effects on the intrinsic (mitochondrial) and extrinsic (death-receptor) pathways.
Finally, TGHQ-induced cell death was accompanied by the nuclear accumulation
of apoptosis-inducing factor (AIF), and PJ-34 inhibited TGHQ-induced AIF nuclear translocation. Neither JNK nor p38 MAPK activation were required for AIF
translocation, since PJ-34 actually enhanced p-JNK and p-p38-MAPK levels. In
summary, TGHQ-induced apoptotic cell death of HL-60 cells is accompanied by
PARP-1 and caspase activation, and AIF nuclear translocation. TGHQ-induced
apoptosis appears to primarily occur via engagement of the mitochondrial-mediated pathway in a process amenable to PARP inhibition. The residual cell death in
the presence of PJ-34 is likely mediated via the extrinsic apoptotic pathway.
(Supported by the SWEHSC [P30 ES06994-16].
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PYRROLIDINE DITHIOCARBAMATE AUGMENTS
HG2+ IN INDUCING MACROPHAGE CELL DEATH
THROUGH OXIDATIVE STRESS-INDUCED
APOPTOSIS AND NECROSIS SIGNALING PATHWAYS.

C. Huang1, 2, S. Liu2, Y. Chen3 and S. Lin-Shiau4. 1School of Chinese Medicine,
China Medical University, Taichung, Taiwan, 2Institute of Toxicology, College of
Medicine, National Taiwan University, Taipei, Taiwan, 3Department of Physiology
and Graduate Institute of Basic Medical Science, China Medical University, Taichung,
Taiwan and 4Institutes of Pharmacology, College of Medicine, National Taiwan
University, Taipei, Taiwan.
Exposure to mercury causes several types of injuries in mammals, including immune system dysfunction. In addition, environmental factors may enhance the cytotoxic effects of mercury. Thus, it is important to understand and explore the possible toxic mechanisms of mercury combined with environmental factors. Here, we
demonstrated that pyrrolidine dithiocarbamate(PDTC), a commonly used antioxidant and metal chelator, augmented HgCl2-induced cytotoxic effects by facilitating
mercury entry into the cultured murine macrophage (RAW 264.7 cells). The
Hg2+/PDTC complex significantly and rapidly increased ROS formation and decreased intracellular GSH levels in cells. By means of a flow cytometric technique,
the number of sub-G1 hypodiploids and Annexin V-FITC binding cells were
found to be increased after Hg2+/PDTC complex exposure. Several features of mitochondrial-dependent apoptosis were also induced, including mitochondrial dysfuntion, activations of poly (ADP-ribose) polymerase (PARP) and caspase 3/7, and
DNA fragmentation. Moreover, both apoptotic and necrotic cells were detected by
acridine orange/ethidium bromide dual staining. Meanwhile, depletion of intracellular ATP levels and increased LDH release were observed, suggesting the induction
of necrotic cell death processes. All of these Hg2+/PDTC complex-induced cytotoxic-related signals could be reversed by pre-treated with an antioxidant, N-acetylcysteine. In conclusion, the results obtained suggest that Hg2+/PDTC complex-induced oxidative stress caused macrophage cell death via a mixed type of apoptosis
and necrosis. These findings imply for first that PDTC may enhance the uptake of
Hg2+ and dramatically enhance the toxicological effects of Hg2+ instead of detoxification.

2046

A COMBINATION OF
ANTIAPOPTOTIC/ANTINECROPTOTIC INHIBITORS
PROTECTS NCCIT CELLS FROM GAMMAIRRADIATION-INDUCED CELL DEATH.

Z. Huang1, 2, J. Greenberger3, 2, V. Kagan1, 2 and H. Bayir1, 2, 4. 1Center for
Medical Countermeasures against Radiation, University of Pittsburgh, Pittsburgh, PA,
2EOH, University of Pittsburgh, Pittsburgh, PA, 3Radiation Oncology, University of
Pittsburgh, Pittsburgh, PA and 4Critical Care Medicine, University of Pittsburgh,
Pittsburgh, PA.
Irradiation-induced cell death includes apoptotic and necroptotic (or programmed
necrosis) pathways. Therefore, a search for radiomitigators with the delayed action
against acute radiation injury due to radionuclide release in terrorist acts may be
based on a combination of antiapoptotic and antinecroptotic inhibitors. Here we
used a cocktail that included a pan-capase inhibitor, Z-VAD-fmk, and necrostatin1, a specific inhibitor of receptor interacting protein-1 (RIP-1) - a key protein in
necroptosis - and assessed their protective effects against irradiation-induced (4 Gy)

death of embryonic carcinoma NCCIT cells (5 days after irradiation). We found
that a combination of Z-VAD-fmk (50-100 microM) plus necrostatin-1 (20
microM) showed significant radiomitigative effect – from 33.5%~61.9% in
NCCIT cells (treatment at 30 min after the irradiation exposure). No significant
protection was afforded by either of these compounds alone. Our results suggest
that necroptosis inhibitors – along with other therapeutic modalities - may be
promising as mitigators against late radiation-induced cell death. Supported by
NIOSH OH008282; NIH U19 AI068021, HL70755, HL094488, ES020693,
ES021068.
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CYTOTOXICITY MEDIATED BY EGFR INHIBITION IS
OVERCOME BY NOX-INDUCED AUTOPHAGY IN
HEAD AND NECK CANCER CELLS.

A. Sobhakumari1, 2, A. Raeburn3, E. V. Fletcher1, 2, D. R. Spitz3, 1 and A. L.
Simons2, 1, 3. 1Human Toxicology, University of Iowa, Iowa City, IA, 2Pathology,
University of Iowa, Iowa City, IA and 3Free Radical and Radiation Biology,
University of Iowa, Iowa City, IA.
Epidermal Growth Factor Receptor (EGFR) is overexpressed in most head and
neck squamous cell carcinomas (HNSCC) which makes it an attractive candidate
for molecular targeted therapies. Treatment regimens involving EGFR inhibitors
and radiation has demonstrated clinical effectiveness, however, many HNSCC tumors become resistant to EGFR inhibitors. Previous work in our lab has shown that
the EGFR inhibitor Erlotinib, induces oxidative stress and cancer cell killing via
NADPH Oxidase 4 (NOX4). Autophagy (the process involving the breakdown of
cellular components with the help of lysosomal machinery) is activated by oxidative
stress and has recently been reported to confer resistance to chemotherapy. The purpose of this study is to determine if the EGFR inhibitor Erlotinib induces autophagy in FaDu and Cal-27 HNSCC cells via NOX4. Erlotinib-induced cytotoxicity (as determined by clonogenic assay) in FaDu and Cal-27 HNSCC cells
compared to control treated cells. Erlotinib-induced the expression of autophagy
marker LC3B-II in both cell lines as determined by western blot and immunofluorescence assays. Treatment with DPI (diphenyleneiodonium) in the presence of
Erlotinib inhibited the increase in LC3B-II expression induced by Erlotinib in
FaDu and Cal-27 cells. Finally, knockdown of NOX4 using adenoviral siNOX4,
partially suppressed the activation of LC3B-II in FaDu and Cal-27 cells. These results show that Erlotinib activates autophagy in HNSCC cells, and NOX4 may
play a role in mediating this effect. Furthermore NOX4-induced autophagy may
play a role in conferring resistance to EGFR inhibitors. Supported by
KO1CA134941

2048

PREDICTING PRECLINICAL OUTCOMES BY
MEASUREMENT OF LYSOSOMAL DYSFUNCTION.

J. A. Willy, J. L. Stevens and T. K. Baker. Investigative Toxicology, Eli Lilly and Co.,
Indianapolis, IN.
The effective prediction of in vitro tools during preclinical drug development is essential when applying them toward early safety assessment. We developed an in
vitro screen to bin compounds according to lysosomal mass based on fluorescent intensity and area, allowing project teams the ability to explore chemical trends.
During validation of this assay with a group of over 40 marketed drugs, numerous
data trends were observed comparing lysosomal changes to physical chemical properties and overall in vivo rat LD50 values. Briefly, HepG2 cells were plated in 96
well plates and treated with compound for 24 hours. Following treatment, cells
were washed and stained with 50 nM lysotracker green DND-26 and 10μg/mL
Hoechst for one hour, followed by data acquisition on the Acumen Explorer.
Analyses of these data against known in vivo outcomes showed that lysosomal accumulation in vitro correlated inversely with in vivo rat LD50 values. Surprisingly,
neither lysosomal mass nor in vivo LD50 values trended with published volume of
distribution data (L/kg) in the rat. However, there were physical chemical trends
that correlated to an increase in HepG2 lysotracker staining, including high
lipophilicity (clogP > 2.5) and basicity (pKa > 6), most of which also exhibited low
LD50 values in vivo. Compounds which did not cause a change in lysotracker
staining from control had higher observed in vivo LD50 values and were noted as
having lower lipophilicity (clogP < 2.5) and/or basicity (pKa < 6). While direct
measurement of lysosomal accumulation appears to be a critical link to in vivo outcomes, several outliers appeared in the data set, such as wortmanin, which exhibited
negative staining for lysotracker and was non-cytolethal but had a low LD50 (4
mg/kg) in vivo. Interestingly, not all compounds that increased lysotracker accumulation caused phospholipidosis. Taken together, these data imply that incorporating
additional functional endpoints relevant to lysosomal accumulation and normal
vesicular trafficking could play an important role in predicting adverse preclinical
outcomes in vivo.
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TARGETING THE ANAPHASE PROMOTING
COMPLEX/CYCLOSOME TO INHIBIT CELL CYCLE
AND TO INDUCE APOPTOSIS IN TUMOR CELLS.

J. States1, C. A. France1, B. Taylor1 and J. O. Trent2. 1Pharmacology & Toxicology,
University of Louisville, Louisville, KY and 2Medicine, University of Louisville,
Louisville, KY.
Inhibition of cell division is a major facet of chemotherapy and is the mechanism of
action of mitotic spindle function disrupting drugs such as Taxol. Resistance to
these types of drugs is a major impediment to successful therapy. The anaphase promoting complex/cyclsome (APC/C) is an E3 ubiquitin ligase that is the major regulator of both M-phase progression and G1 to S phase transition. Inhibition of
APC/C is expected to induce mitotic arrest in spindle assembly checkpoint proficient (‘Taxol-sensitive’) cells, and pseduo-G1 arrest and apoptosis in spindle assembly checkpoint deficient (‘Taxol-resistant’) cells. We have derived homology structure models for key interacting components of the APC/C. ANAPC11 is the zinc
RING finger protein and catalytic subunit that binds to the cullin subunit
ANAPC2. We have used these models to perform in silico screening of two sites on
ANAPC2 to identify compounds that will interfere with ANAPC11 binding to
ANAPC2. Testing of 9 compounds indicates that one induces mitotic arrest and
apoptosis in Taxol-sensitive human cervical carcinoma cells and a second induces
cell cycle arrest and apoptosis in Taxol-resistant human melanoma cells. These data
suggest that inhibition of APC/C may be an effective approach to developing new
anti-cancer drugs. Supported in part by a NIEHS grants R01ES011314 and
T35ES014559.

2050

INDUCTION OF HUMAN STEROID SULFATASE BY
INSULIN-LIKE GROWTH FACTOR II THROUGH
NUCLEAR FACTOR KAPPA B SIGNALING PATHWAY IN
HUMAN PROSTATE CANCER CELLS.

C. Seong, N. Park, J. Jeong, H. Im, Y. Kwon and Y. Chun. College of Pharmacy,
ChungAng University, Seoul, Republic of Korea. Sponsor: T. Jeong.
Steroid sulfatase (STS) is responsible for the hydrolysis of aryl and alkyl steroid sulfates and therefore has a pivotal role in regulating the formation of biologically active estrogens. There are correlations between increasing level of active estrogens
and hormone-dependent cancers, including prostate cancers. Therefore STS is considered as a new promising drug target for treating estrogen-mediated cancer. It has
been demonstrated that induction of STS by TNF-α is mainly through PI3K/Akt
signaling pathway. In this article, we found that insulin-like growth factor (IGF) II
significantly induce STS expression both mRNA and protein level in concentration- and time-dependent manners in PC-3 human prostate cancer cells. To elucidate the signaling pathway of STS gene induction by IGF-II, we have determined
the effect of NF-κB inhibitors in PC-3 cells. When the cells were treated IGF-II
with NF-κB inhibitors such as Bay 11-7082 or NBD (Nemo Binding Domain)
binding peptide, STS expression induced by IGF-II was significantly blocked.
Moreover, we found that proteasome inhibitors such as MG-132 and bortezomib,
which are known to prevent NF-κB maturation also strongly blocked IGF-II-induced STS expression. Furthermore, IGF-II induced 17-β hydroxysteroid dehydrogenase 1, 3 and reduced estrone sulfotransferase. On the other hand, glucagon and
epinephrine induced estrone sulfotransferase. These means IGF-II induces forward
direction enzymes like STS and 17-β hydroxysteroid dehydrogenase 1, 3 that
would produces estradiol and reduces reverse direction enzymes like estrone sulfotransferase. Taken together, these data strongly suggest that IGF-II induces STS expression through NF-κB signaling pathway in PC-3 cells and may cause induction
of estrogen production and estrogen-mediated carcinogenesis.

2051

FGF21 EXPRESSES IN THE DIABETIC HEARTS AND
PROTECTS FROM PALMITATE-INDUCED CARDIAC
CELL DEATH VIA ERK1/2-DEPENDENT P38
MAPK/AMPK SIGNALING PATHWAY.

C. Zhang1, 2, X. Li2 and L. Cai1, 2. 1Pediatrics, University of Louisville, Louisville,
KY and 2Wenzhou Medical College, Wenzhou, Zhejiang, China.
Fibroblast growth factor (FGF) 21 plays important role in lipid metabolism.
However, whether FGF21 protects effect on lipid-induced cardiac damage was unknown. The present study examined whether FGF21 expresses in the heart of diabetic mice; whether FGF21 protects cardiac (H9C2) cells from palmitate-induced
cell death. For animal study, diabetes was induced by multiple low dose of streptozocin. In these diabetic mice cardiac lipid accumulation was evidenced by increased
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lipid drops and triglyceride levels from 2 weeks after diabetes onset. Cardiac FGF21
mRNA expression significantly increased at 2 months (about 40 folds) and remained high at 4 (about 3 folds) and 6 (1.5 fold) months compared to controls,
suggesting FGF21 up-regulation at the early stage may be a protective response. To
test this assumption, H9C2 cells were exposed to palmitate at 62.5 nM for 15 h,
which caused a significant apoptotic effect, examined by DNA fragmentation and
cleaved caspase-3. Pre-incubation of palmitate-treated cells with different doses of
FGF21 significantly reduced palmitate apoptotic effect within a dose range of 25250 nM with a maximal protection at 50 to 100nM. Mechanistic study showed
that palmitate down-regulated and FGF21 up-regulated phosphorylated Erk1/2,
p38 MAPK and AMPK. Pre-inhibition of either Erk1/2, p38 MAPK or AMPK
with its specific inhibitor can significantly abolish the preventive effect of FGF21
on palmitate-induced apoptosis. Furthermore, inhibition of Erk1/2 blocked the activation of p38 and AMPK. Neither p38 MAPK nor AMPK inhibitor affected on
Erk1/2 phosphorylation in response to FGF21, but inhibition of p38 MAPK
blocked AMPK activation. FGF21 also found to prevent palmitate-induced PTEN
activation and -inactivated Akt via Erk1/2 and AMPK signaling pathway. These results suggest that palmitate induces cardiac apoptosis through activation of PTEN
and inactivation of Akt. FGF21 prevents the cardiac apoptotic effect of palmitate
via up-regulation of Erk1/2-dependent p38 MAPK/AMPK signaling pathway.

2052

EMBELIN INDUCES APOPTOSIS THROUGH
DOWNREGULATION OF AKT-DEPENDENT PATHWAY
IN PC-3 HUMAN PROSTATE CANCER CELLS.

N. Park, C. Seong, J. Jeoung, Y. Kwon, H. Im and Y. Chun. College of
Pharmacy, ChungAng Univesity, Seoul, Republic of Korea. Sponsor: T. Jeong.
Embelin is known as a potent small-molecule inhibitor of X-linked inhibitor of
apoptosis (XIAP) that abrogates binding of XIAP to procaspase-9. Although embelin induces apoptosis in human cancer cells, the detailed mechanisms is still unknown. In these studies, the inhibitory effects of embelin on cellular proliferation
of PC-3 human prostate cancer cells were determined. Treatment with embelin
showed a strong inhi-bition of cell growth in a concentration-dependent manner
with IC50 values of 12.6 μM Western blot analysis showed that the level of
proapoptotic protein Bax was en-hanced and anti-apoptotic proteins such as Bcl-2
or Bcl-xL were downregulated in embelin-treated mitochondria. Embelin also increased the release of mitochondrial proapoptotic factors such as AIF leading to activation of caspases. Interestingly, prosurvival factor Mcl-1 was significantly suppressed by embelin. We found that embelin-dependent Mcl-1 downregulation is
mediated by suppressing Akt phospho-rylation and cyclooxygenase-2 expression.
Activation of Akt, induction of COX-2 and Mcl-1 by tumor necrosis factor α
(TNF-α) were also blocked by embelin. Taken to-gether, these findings suggest that
embelin results in human prostate cancer cells apoptosis through downregulation of
Akt-dependent pathway.

2053

DEFECTIVE EIF2α PHOSPHORYLATION CORRELATES
WITH ENHANCED PROTEIN AGGREGATION AND
CELL DEATH IN RESPONSE TO PROTEASOME
INHIBITION.

M. White1, 2 and D. J. McConkey1. 1Departments of Urology and Cancer Biology,
MD Anderson Cancer Center, Houston, TX and 2Graduate Program in Experimental
Therapeutics, MD Anderson Cancer Center, Houston, TX.
Protein synthesis in mammalian cells is tightly regulated in response to a variety of
stresses and plays an essential role in proteostasis. The hub of this translational control network is the eukaryiotic initiation factor 2 (eIF2), upon which phosphorylation of the α-subunit at the S51 residue effectively attenuates cap-dependent protein synthesis. Proteasome inhibitors (PI’s), a class of anti-neoplastic agents, are
known to cause eIF2α phosphorylation, but conflicting studies report this phosphorylation as being both pro-death and pro-survival. We have preliminary evidence from pancreatic cancer cells indicating that there appears to be heterogeneity
in both basal and PI-induced eIF2α-phosphorylation. Importantly, this heterogeneity closely parallels with sensitivity to PI’s. Sensitive cells fail to significantly increase eIF2α phosphorylation while resistant cells show robust phosphorylation. In
addition, sensitive cells fail to downregulate protein synthesis effectively, thus leading to an accumulation of ubiquitin-positive misfolded proteins. Overall, this study
identifies unique populations of cancer cells with defects in eIF2α phosphorylation
following proteasome inhibition. Further investigations into more cell types and
other proteotoxic stress-inducing agents (thapsigargin, tunicamycin, arsenic trioxide) will be needed to determine the extent and prevalence of this defect in cancer.

2054

CHRONIC EXPOSURE TO CADMIUM INDUCES
APOPTOSIS THROUGH THE ACCUMULATION OF P53
IN KIDNEY OF MICE.

M. Tokumoto1, 2, Y. Fujiwara2, A. Shimada3, M. Uchiyama1, 4 and M. Satoh2.
1Institute of Physical and Chemical Research, Wako, Japan, 2School of Pharmacy,
Aichi Gakuin University, Nagoya, Japan, 3School of Veterinary Medicine, Faculty of
Agriculture, Tottori University, Tottori, Japan and 4Graduate School of
Pharmaceutical Sciences, University of Tokyo, Tokyo, Japan.
We have found that overaccumulation of p53 by cadmium (Cd) may relate to induction of apoptosis and may be due to the suppression of p53 degradation
through the inhibition of expression of ubiquitin-conjugating enzyme genes,
Ube2d family in rat proximal tubule cells (NRK-52E cells). In this study, we examined the effect of chronic exposure to Cd on the expression of Ube2d family genes
and accumulation of p53 in the mouse kidney. Five weeks old female C57BL/6J
mice were fed diet containing 300 ppm Cd without restraint for 12 months. Cd
slightly elevated blood urea nitrogen value but not creatinine value in serum. Some
of mice exposed Cd was detected histopathological change (e.g., urinary casts and
cell swelling) in the renal tubules. Thus, Cd-induced renal toxicity was weakly developed. Ube2d family (Ube2d1, Ube2d2 and Ube2d3) mRNA levels significantly
decreased and p53 accumulated in the kidney of Cd group. Moreover, apoptotic
cells were predominantly detected in renal tubules and were absent in glomeruli of
all Cd-exposed mice. These results suggest, therefore, that Cd causes p53-dependent apoptosis in not only NRK-52E cells but also the renal tubules of mice, and
that Cd-induced accumulation of p53 may be due to down-regulation of Ube2d
family genes in the kidney of mice.

2055

APPLICATION OF IN VITRO CYTOLETHALITY AND
PROLIFERATION ASSAYS TO IMPROVE KINASE
INHIBITOR SELECTIVITY PROFILE AND REDUCE
PRECLINICAL HEMATOTOXICITY.

B. Halstead1, E. L. Kreklau1, A. De Dios2, J. Du2, J. P. Stutz1, J. L. Stevens1
and T. K. Baker1. 1Investigative Toxicology, Eli Lilly and Company, Indianapolis, IN
and 2Discovery Oncology LRL, Eli Lilly and Company, Indianapolis, IN.
Hematotoxicity, leading to myelosuppression and neutropenia, is the most common clinical dose-limiting toxicity (DLT) encountered during development targeted kinase inhibitor compounds. Hematotoxicity may be driven by multiple biological, chemical and physicochemical (pChem) properties. In these studies, rat
primary hepatocytes were utilized to assess pChem toxicity, and bone marrow
mononuclear cells were employed to evaluate biologic (on- and off-target) activity.
Rat primary hepatocytes were isolated and assessed for cytolethality after treatment
with different concentrations of compounds for 24 hours. Bone marrow mononuclear cells, KG-1 meyloblasts, or CD34+ bone marrow cells were incubated with
different concentrations of compound for either short term (4 – 24 hrs) or longterm exposure (10 – 14 days). Inhibition of proliferation (IC50, IC90) or cytolethality (LC50) values were calculated and used with pChem and kinase selectivity
data to categorize compound risk. Greater viability was observed with compounds
exhibiting better overall pChem properties and, therefore, was used as a prefilter to
select compounds ahead of the proliferation assays. Kinase inhibitor compounds
with improved selectivity, specifically against inhibition of CDK9, exhibited less inhibition of proliferation in the models utilized to assess hematotoxicity risk. In
summary, we have applied a strategy that utilizes multiple in vitro tools to guide kinase inhibitor compounds toward optimal pChem properties and kinase selectivity,
resulting in overall lower toxicity. Furthermore, the in vitro assay output translated
to reduced hematotoxicity and increased margin of safety to dose-limiting myelosuppression prior to clinical development. This strategy has also produced a higher
throughput surrogate assay to assess hematotoxicity risk that can be applied during
preclinical drug development.

2056

ROLE OF OXYGENATED PHOSPHATIDYLSERINE AND
ITS METABOLITES—LYSO-PHOSPHATIDYLSERINES
PRODUCED AFTER OXIDATION AND HYDROLYSIS
BY PLASMA LIPOPROTEIN-ASSOCIATED
PHOSPHOLIPASE A2 IN CLEARANCE OF APOPTOTIC
CELLS BY MACROPHAGES: LC-ESI-MS STUDY.

V. E. Kagan1, V. A. Tyurin1, K. Balasubramanian1, D. E. Winnica1, C. H.
Macphee2 and Y. Tyurina1. 1EOH, University of Pittsburgh, Pittsburgh, PA and
2GlaxoSmithKline, King of Prussia, PA.
Peroxidized phospholipids and their metabolites are known modulators of inflammatory responses. We suggested that during apoptosis, oxidative modification of
externalized on the cell surface phosphatidylserine (PS ) and its subsequent hydrol-

ysis by LpPLA2VIIA would yield a pattern of diversified molecular products with
different affinity and recognition by macrophage (PS) receptors. To make HL60
cells susceptible to oxidation we treated them with linoleic acid (LA) (100
nmol/106 cells). We found that phagocytosis of LA-enriched apoptotic HL60 cells
(100 μM H2O2) by RAW 264.7 macrophages was significantly higher compared
to naïve apoptotic HL60 cells and was suppressed by annexin V. Using oxidative
lipidomics approach we were able to detect the presence of oxidized PS species containing LA with two and three oxygens in LA-enriched apoptotic HL60 cells.
Further, we determined whether treatment of LA-enriched apoptotic HL60 cells
with LpPLA2VIIA will affect their phagocytosis. We found that the ability of
macrophages to engulf apoptotic cells was significantly reduced after treatment of
cells with LpPLA2VIIA. In addition, MS analysis revealed the presence of lyso-PS
and oxygenated LA accompanied by a decrease amounts of oxidized PS (but not
non-oxidized PS). Further, we oxidized C18:0/C18:2-PS (cyt c/H2O2) and integrated it into naïve HL-60 cells. We found that phagocytosis of HL60 cells containing oxygenated PS on cell surface was ~two time higher compared to cells with
incorporated non-oxidized PS. We suggest that oxidatively modified externalized
PS and its hydrolysis products are important represents regulators of phagocytosis
and inflammatory responses. Supported by a contract with GlaxoSmithKline,
OH008282, U19AI068021, HL70755, HL094488, ES020693

2057

INTRACELLULAR ACCUMULATION OF SULFIDES
AND INDUCTION OF APOPTOSIS DEPEND ON PH IN
NAHS-EXPOSED JURKAT CELLS.

S. Kanno1, S. Hirano2, M. Sagi1, S. Chiba1, H. Takeshita1, T. Ikawa1, K.
Ichiba1 and T. Mukai1. 1St. Marianna University School of Medicine, Kawasaki,
Japan and 2National Institute for Environmental Studies, Tsukuba, Japan.
Hydrogen sulfide (H2S) is a toxic gaseous substance and has an odor of rotten eggs.
Accidental exposure to high concentrations of H2S has been reported to be lethal in
human. Inhaled and absorbed H2S may be partially ionized in blood and cause
toxic effects on lymphocytes (pK1 of H2S is 6.8 at 37 oC). However, the mechanism
for toxicity of H2S has not been well documented. In this study we studied cellular
uptake and cytotoxicity of sulfides in human lymphoma cells (Jurkat) following in
vitro exposure to NaHS at different pHs. The cells were exposed to 0-5 mM NaHS
in HBSS in a screw-capped plastic conical tube for 1 hr at 37 oC with gentle shaking. The pH of HBSS was adjusted to pH 6.0, 7.0 or 8.0 and the air was removed
by filling the tube with HBSS to avoid a loss of dissolved H2S gas from HBSS. The
cells were collected by centrifugation and cultured in RPMI1640 culture medium
for 6-24 hrs in a culture dish. The cytotoxicity of NaHS increased with the decrease
of pH in HBSS. The cell viability was not changed by the pH in the absence of
NaHS. The activity of caspase-3/7 in NaHS-exposed cells was measured by colorimetric method and was found to be increased with the decrease of pH in HBSS.
Western blotting using anti-PARP and anti-caspase-3 also revealed that exposure to
5 mM NaHS at pH 6.0 induced apoptosis. Z-VAD-fmk, a pan-caspase inhibitor,
reduced the NaHS-induced activation of caspase-3, indicating that pH-dependent
cell death caused by NaHS was due to activation of caspases. The concentration of
sulfides in the cells was measured by an HPLC with a fluorescent detector. The cellular sulfide concentration in NaHS-exposed cells (5 mM) increased dramatically as
pH decreased. At pH 6.0 the proportion of H2S form, which is permeable through
the cell membrane, to less permeable HS- and S2- forms is higher compared that at
pH 7.0-8.0. Therefore the larger number of cells underwent apoptosis in the acidic
condition.

2058

EFFECT OF SURFACE-MODIFIED TITANIUM BY
CHEMICAL TREATMENT ON THE GENE EXPRESSION
PROFILE IN OSTEOGENIC DIFFERENTIATION OF
HUMAN MESENCHYMAL STEM CELLS.

R. Sawada1, Y. Haishima1, K. Isama2 and A. Matsuoka1. 1Division of Medical
Devices, National Institute of Health Sciences, Tokyo, Japan and 2Division of
Environmental Chemistry, National Institute of Health Sciences, Tokyo, Japan.
Sponsor: A. Hirose.
Titanium is the material widely used for orthopedic and dental applications.
Surface properties of material play a major role in cell-material interaction. Adult
human mesenchymal stem cells (hMSCs) have the pluripotency to differentiate
into cells of mesodermal origin, e.g., bone, cartilage, adipose, and muscle cells. In
the present study, we evaluated the molecular responses of hMSCs to three modified titanium surfaces. Experimental titanium disks were treated with NaOH,
NaOH+CaCl2, and NaOH+Ca(OH)2. Untreated titanium disks served as control.
Then, hMSCs were cultured on each surface-modified titanium disk for 7 days.
Comparative gene expression profile changes in hMSCs were assessed by the DNA
microarray. The gene expressions in hMSCs cultured on three kinds of chemically
treated surfaces were compared with that on untreated titanium. The expressions of
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the osteogenic promoter WNT and OPG (osteoprotegerin) were up-regulated by
NaOH treatment of titanium surface. In addition, NaOH+CaCl2 treatment increased the expressions of IGF-1, BMP-2, and OPN. Moreover NaOH+Ca(OH)2
treatment increased the RANKL (receptor activator of nuclear factor kappa-B ligand) and osteocalcin expressions. The highest expression level of NFAT (nuclear
factor of activated T-cells) was NaOH+Ca(OH)2, followed in order by
NaOH+CaCl2 and NaOH with the amount of Ca2+ ions incorporated. These results suggest that modified titanium surfaces may promote osteogenic differentiation of hMSCs, and that Ca2+ ions incorporated into the titanium surface may increase osteogenic responses in hMSCs.

2059

METHYL PARATHION-INDUCED EXPRESSION
CHANGES OF PLURIPOTENCY MAINTENANCE GENES
IN HUMAN EMBRYONIC STEM CELLS.

J. S. Madren-Whalley, V. L. Bevilacqua and J. W. Sekowski. Edgewood Chemical
Biological Center, Aberdeen Proving Ground, MD.
Given their wide spread use, ease of procurement, and potential for serious health
consequences if deployed by terrorists, toxic industrial chemicals (TICs) represent a
real threat to soldiers and civilians at home and abroad. Unfortunately, for a vast
number of TICs, including the widely-used organophosphate insecticide, methyl
parathion (MP) there is incomplete knowledge regarding the basic molecular toxicological consequences of exposure in humans. Although the literature suggests diverse toxicological consequences for MP exposure, it is all based on human epidemiological studies, in vivo animal studies, or in vitro studies using immortal cell
lines. Therefore, there is no definitive connection to the molecular events that occur
during MP exposure in “normal” human cells. Furthermore, chemicals that have
certain known effects in adults can have dramatically different toxic effects during
embryonic and prenatal development. Thus, an important part of any complete
toxicological evaluation must include examination of the compound’s effect on
human embryonic development. A promising, relatively new development in the
field of toxicology is the use of human embryonic stem (hES) cells to measure
human cellular and molecular toxicological endpoints. Since undifferentiated hES
cells maintain the ability to differentiate into any somatic cell in the body, they provide a unique window into the influence of toxicants on the entire early human development. We are studying the effects of MP on undifferentiated WA09 hES cells
using an RT-PCR array (Qiagen) designed to reveal changes in expression of 84
genes known to be important in the maintenance of pluripotency and differentiation of embryonic stem cells. These data suggest that exposure to MP alters the expression of a number of key genes involved in pluripotency and differentiation
pathways. The results of this study have opened a new avenue toward a better understanding of how exposure to TICs, such as MP, may interfere with early human
embryonic growth and development.

2060

COMPARISON OF PROTEIN EXPRESSION PROFILES
IN HUMAN MESENCHYMAL STEM CELLS CULTURED
ON SURFACE-MODIFIED TITANIUM WITH
CHEMICAL TREATMENTS.

R. Kato, Y. Haishima, C. Hasegawa and A. Matsuoka. Division of Medical
Devices, National Institute of Health Sciences, Setagaya-ku, Tokyo, Japan. Sponsor: A.
Hirose.
Titanium (Ti) is the most widespread materials for various types of biomedical applications, such as orthopedic and dental implants, because of its mechanical properties and good biocompatibility with bone tissue. Some studies showed that
NaOH-treated Ti could form the apatite layer on its surface, which improved bone
formation. However, what kind of change has occurred within the cells on surfacemodified Ti are still poorly understood. On the other hand, human mesenchymal
stem cells (hMSCs) are pluripotent adult stem cells that can differentiate into various cell types, including osteoblast cells. Therefore, hMSCs are a promising candidate applied in regenerative medicine. In this study, we analyzed the protein expressions of hMSCs cultured on four different Ti surfaces : untreated Ti, NaOH-treated
Ti, NaOH-CaCl2-treated Ti, NaOH-Ca(OH)2-treated Ti. Comparing the protein
expression profiles of hMSCs cultured on untreated Ti and the others using LCMS/MS shotgun analysis and Mascot/Swiss-prot database search followed by pathway analysis showed that above 2-fold upregulated proteins were categorized to
mainly protein synthesis, molecular transport and protein trafficking. From the
viewpoint of osteogenic differentiation, Msx1, fibronection, collagens and M4K3
which related to bone growth and development were upregulated. Additionally,
PAI-1, Annexin A1, pyruvate kinase, superoxide dismutase, cathepsin D, enolase 1,
versican core protein and tenascin which increased upon osteogenic differentiation
that reported in some proteomics analysis of hMSCs, were also upregulated. These
findings suggest that those chemical-treated Ti surfaces make hMSCs to enhance
osteogenic differentiation.
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2061

EFFECTS OF HIGH-FAT DIET AND PARTICULATE
MATTER (PM2.5) EXPOSURE ON CIRCULATING AND
BONE MARROW ENDOTHELIAL PROGENITOR CELLS
IN MICE.

D. J. Conklin, P. Haberzettl, J. Lee, D. Duggineni, D. Murphy, J. McCracken
and A. Bhatnagar. Diabetes and Obesity Center, University of Louisville, Louisville,
KY.
Inhaled fine particulate matter (PM2.5) induces endothelial dysfunction and increases the risk of cardiometabolic disease. Endothelial progenitor cells (EPCs) contribute to endothelial repair and angiogenesis, and decreased EPC levels associate
with increases in endothelial dysfunction and cardiovascular disease (CVD) risk.
Acute exposure to either elevated ambient PM2.5 or to concentrated ambient
PM2.5 (CAPs) decreases circulating EPC levels in humans or mice, respectively.
Because diabetes and air pollution are worldwide health problems, we examined
whether high-fat diet (HFD) enhanced CAPs-induced EPC suppression. Mice
(male; C57BL/6) maintained on low fat or HFD (60% kcal fat) were exposed to
HEPA-filtered air or urban Louisville CAPs (80-100 μg/m3) for 9-30 consecutive
days (6h/d). Exposure to CAPs (30d) or to HFD (8 weeks) alone significantly decreased levels of circulating Flk-1+/Sca-1+ EPCs by -34.7±6.7% or -30.1±6.9%,
respectively. In contrast, bone marrow (BM) EPC numbers were significantly increased by CAPs (+41.3±11.7%) or HFD (+35.7±12.7%) alone, yet BM-EPCs
were decreased by combined HFD+CAPs (-38.5±7.9%) treatment. Combined
HFD+CAPs exposure decreased circulating EPC level (-51.0±7.5%) equivalent to
the level observed with HFD or CAPs alone, indicating that HFD and CAPs may
share a common mechanism. To test if CAPs inhibited EPC mobilization, EPCs
were mobilized by VEGF (100μg/kg/d*4d) and AMD3100 (5mg/kg) treatment in
mice exposed to either air or CAPs. VEGF+AMD3100 treatment doubled the
number of circulating EPCs in air-exposed mice but not in CAPs-exposed mice (48±14% control). Similarly, CAPs exposure prevented VEGF-induced Akt and
eNOS phosphorylation in aorta. Stem cell factor (SCF, 200μg/kg/d)+AMD3100
co-treatment, however, mobilized EPC equally well in air- or CAPs-exposed mice.
Collectively, these results show that HFD or CAPs blocked VEGF-mediated EPC
mobilization, which may diminish endothelium repair, induce endothelial dysfunction and increase CVD risk.

2062

CYTOTOXICITY AND INHIBITORY EFFECTS OF LOWDOSE TRICLOSAN ON ADIPOGENIC
DIFFERENTIATION OF HUMAN MESENCHYMAL
STEM CELLS.

J. Fang1, B. Ning2, L. Guo2 and Q. Wu1. 1Division of Biochemical Toxicology,
National Center for Toxicological Research, Jefferson, AR and 2Division of
Personalized Nutrition and Medicine, National Center for Toxicological Research,
Jefferson, AR.
Humans of all ages are continually exposed to triclosan (TCS), a widely used antimicrobial agent that can be found in many daily hygiene products, such as toothpastes and shampoos; however, the toxicological and biological effects of TCS in
humans after long-term and low-dose exposure are far from being well understood.
In the current study, we investigated the effects of TCS on the differentiation of
human mesenchymal stem cells (hMSCs) by measuring the cytotoxicity, morphological changes, lipid accumulation, and the expression alterations of adipocyte differentiation biomarkers during a 21-day adipocyte differentiation process.
Significant cytotoxicity was observed in hMSCs treated with high-dose TCS (≥ 5.0
μM), but not at low-dose (≤ 2.5 μM), treatments. TCS inhibited adipocyte differentiation of hMSCs in a dose-dependent manner from 0.156 to 2.5 μM, as indicated by changes in Oil Red O staining. The inhibitory effect was confirmed by a
decrease in gene expression of specific adipocyte differentiation biomarkers, including aP2, LPL, and adiponectin at the mRNA level. Our study demonstrates that
TCS inhibits adipocyte differentiation of hMSCs under non-cytotoxic dose conditions. (Supported by Interagency Agreement between NCTR/FDA IAG #224-07007 and NIH/NTP IAG #Y1ES1027.)

2063

KEY METABOLIC PATHWAY CHANGES IN HUMAN
EMBRYONIC STEM CELLS EXPOSED TO METHYL
PARATHION AND METHYL PARAOXON.

J. W. Sekowski1, J. A. Palmer2, V. Bevilacqua1, R. E. Burier2, A. M. Smith2, K.
R. Conrad2, P. R. West2 and J. Madren-Whalley1. 1US Army Edgewood Chemical
Biological Center, APG-EA, MD and 2Stemina Biomarker Discovery, Inc., Madison,
WI.
Toxic industrial chemicals (TICs) represent a threat to soldiers, first responders and
other civilians. One class of toxic industrial chemicals, pesticides, is particularly accessible and used widely in crop, industrial, and home applications. For many pes-

ticides, including methyl parathion (MP), there is incomplete and sometime conflicting information regarding the basic molecular toxicological consequences of exposure in humans. Most documented effects reported are from epidemiological
studies in adult humans and laboratory studies in adult animals. It is important to
consider that many chemicals, including pesticides, have dramatically different
toxic effects in developing embryos. Thus, any thorough chemical or drug toxicological evaluation must examine the compound’s effect on early development. Since
not all cell types contain fully active metabolic enzymes required to carry out Phase
I and II transformation reactions, it is important to examine the effects of both the
parent compound and the active metabolite(s) normally transformed by the liver.
In this work, we have compared the effects of MP and its active metabolite methyl
paraoxon (MPO) on the secreted metabolic products (measured via LC-ESIQTOF MS) found in the spent cell culture medium from MP-exposed, MPO-exposed, and control pluripotent WA09 human embryonic stem cells. Employing
Stemina’s devTOX teratogenicity prediction model, MPO was predicted to be
tetratogenic at all 3 concentrations tested (180 μM, 130 μM, 72 μM) and MP was
predicted to be tetratogenic at 500 μM, the highest concentration tested. Several
hundred statistically significant differences were observed between the treated and
the untreated cells with 13 human metabolic pathways exhibiting statistically significant enrichment in the treated cells. These data suggest that MP and MPO exposure may significantly impact the metabolism of undifferentiated hES cells.

2064

POTENCY RANKING OF MONOPHTHALATES
STUDIED BY TRANSCRIPTOMICS IN THE MOUSE
EMBRYONIC STEM CELL TEST.

S. Schulpen1, 2, J. Robinson1, 3, J. Pennings1 and A. Piersma1, 2. 1Laboratory for
Health Effects Research, RIVM, Bilthoven, Netherlands, 2Institute for Risk Assessment
Sciences, Utrecht University, Utrecht, Netherlands and 3Maastricht University,
Maastricht, Netherlands.
The murine Embryonic Stem cell Test (EST) is widely studied as an animal-free
screening method for potential developmental toxicants. The inhibition of contracting cell foci formation assessed after 10 days is taken as a parameter for developmental toxicity. Our research aims at introducing transcriptomics to decrease the
duration of the test method and to increase the sensitivity and informative value of
the readout of the test. Here we compared contracting cell foci formation and differential gene expression after exposure to four monophthalates in a concentrationdependent matter. Phthalates are used as plasticizers in consumer products and are
known to affect embryo development and differentiation of embryonic stem cells
towards cardiomyocytes. Three embryotoxic phthalates, monobutyl phthalate
(MBuP), monobenzyl phthalate (MBeP) and mono-(2-ethylhexyl) phthalate
(MEHP) and the non-embryotoxic monomethyl phthalate (MMP) where tested.
We observed compound specific concentration response effects on gene expression
after 24 hours of exposure and on contracting cell foci formation 6 days later, when
exposure was initiated at day 3 of culture. The concentrations of embryotoxic phthalates resulting in 50% inhibition of differentiation (ID50), based on the classical
read out of the EST, were between 0,4 and 1,4 mM. The potency ranking of phthalates (MEHP>MBeP>MBuP>MMP) was similar to that of known in vivo embryotoxicity. Concentration-response analysis of gene expression showed the same
potency ranking. Moreover, gene expression appeared orders of magnitude more
sensitive than morphology and revealed mechanistic pathways of phthalate response. It can be concluded that addition of gene expression leads to a more detailed description of the EST response to compound exposure and can give additional mechanistic insight into effects on stem cell differentiation.

2065

DERIVATION OF CYNOMOLGUS MACAQUEINDUCED PLURIPOTENT STEM CELLS (IPSCS) FOR
IN VITRO TOXICOLOGY ASSAY DEVELOPMENT.

B. Leonard1, L. Little1, T. Singer2, 1, T. Weiser2, 1, K. L. Kolaja1, 2 and E. Chiao1.
1Nonclinical Safety, Hoffmann-La Roche, Nutley, NJ and 2Nonclinical Safety,
Hoffmann-La Roche, Basel, Switzerland.
Induced pluripotent stem cells (iPSCs) are a useful tool for drug discovery and development because they can be used to model many cell types important for in vitro
toxicology studies, can be made from disease-specific patient populations, and can
be used when embryonic stem cells are not available for a particular species.
Generating iPSCs from pre-clinical toxicology species, such as the cynomolgus
macaque, would aid in developing mechanistic toxicology assays to further investigate in vivo study findings. iPSCs have been generated using many viral—mainly
lentivirus and retrovirus—and nonviral reprogramming methods—including
mRNA transfection, plasmid transfection, and recombinant proteins. Our work

has focused on finding a reprogramming method that is efficient, is suitable for
species including the cynomolgus macaque and other preclinical species, and produces fully reprogrammed cells. Specifically, we used primary cells cultured from
in-house kidney tissue samples and Sendai virus constructs for the delivery of the
reprogramming transcription factors. In comparison to other methods, the Sendai
virus infections were easier to perform, infect cells from multiple species, and produce fully reprogrammed cells quickly. To date, we have produced many cynomolgus macaque iPS cell lines that exhibit the morphology, growth characteristics, and
gene expression associated with iPS and embryonic stem cells. These cells lines can
be used in the future to develop in vitro mechanistic toxicology assays for early drug
development.

2066

SPECIFICATION OF CARDIOMYOCYTES USING
SMALL MOLECULES DURING THE
DIFFERENTIATION OF HUMAN PLURIPOTENT STEM
CELLS.

L. Little1, J. Cohen1, A. Hoffman3, J. E. Babiarz1, T. Singer2, 1, T. Weiser2, 1, K.
L. Kolaja1, 2 and E. Chiao1. 1Nonclinical Safety, Hoffmann-La Roche, Nutley, NJ,
2Nonclinical Safety, Hoffmann-La Roche, Basel, Switzerland and 3Discovery
Technologies, Hoffmann-La Roche, Nutley, NJ.
Pluripotent stem cells derived from human cells are a useful tool for drug discovery
and development because they can be used to model many cell types important for
toxicology studies, can be made from disease-specific patient populations, and represent relevant human biological pathways. An example of an important toxicology
model is the use of cardiomyocytes differentiated from human embryonic (hES)
and induced pluripotent stem cells (hiPS). In order to use these models for drug
discovery, a reproducible and scalable method for differentiation needs to be developed. In addition, characterizing the specification of the resulting cells into atrial,
ventricular, and nodal cell populations is also important for developing downstream
assays. A focused library of small molecule kinase inhibitors that were capable of inhibiting ~400 kinase targets was used to screen across the cells. These compounds
were added to the hES and hiPS cells during the course of the differentiation, and
the gene expression of these cells was examined via immunofluorescence of the cardiac progenitor marker NKX2.5 and the cardiomyocyte marker Troponin T after
12 days. Twenty four compounds were found to significantly increase the expression of at least one of these markers indicating that these compounds were increasing the efficiency of the differentiation. In addition, 75% of the initial “hits” were
confirmed in secondary screens. Overall, these data suggest that addition of small
molecules during the differentiation of human pluripotent stem cells can lead to
more efficient production of cardiomyocytes that can be used in toxicology assays
for drug discovery.

2067

DEVELOPMENT OF A HIGH-THROUGHPUT, IN
VITRO HUMAN PLURIPOTENT STEM CELL TEST
(HPST) FOR THE IDENTIFICATION OF POTENTIALLY
TERATOGENIC COMPOUNDS.

E. Chiao1, S. Kameoka1, J. Babiarz1, B. Leonard1, T. Singer2, 1, T. Weiser2, 1 and
K. L. Kolaja1, 2. 1Nonclinical Safety, Hoffmann-LaRoche, Nutley, NJ and
2Nonclinical Safety, Hoffmann-La Roche, Basel, Switzerland.
Teratogens are compounds that disturb the development of the embryo or fetus,
and result in birth defects, while remain relatively nontoxic to the maternal body.
Currently, drugs are tested for teratogenicity in pregnant animal models such as rats
or rabbits. However, using animal tests to detect potential human teratogens is
problematic because of inter-species differences in teratogenesis mechanisms as
tragically demonstrated in thalidomide case that resulted in more than 10,000 cases
of birth defects. In addition a continuous effort to reduce the number of animals
used during drug development is important for ethical reasons. However, creating
robust in vitro screens for teratogenicity has been challenging due to the dynamic
cellular changes that occur during embryonic development. Here, we describe a
human Embryonic Stem cell Test (hEST) for potential teratogens. This methods allowed us to successfully classify 55 out of 59 test compounds (93% accuracy) with
three false positives and one false negative. This suggests that the human pluripotent stem cells may be used as a convenient yet sensitive time point to test potential
teratogens. Compared to the other existing in vitro teratogenicity assays such as
whole embryo culture (WEC), MicroMass test (MM), and the mouse Embryonic
Stem cell Test (mEST), the hPST assay is faster (1 week), requires less compound
(<1mg), is amenable to high-throughput screening, and can detect teratogenic
compounds undetected in animal models such as teratogenic thalidomide.
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MECHANISM OF ACTION OF THE HERBICIDE
PARAQUAT ON ERYTHROID DIFFERENTIATION
PATHWAY IN BONE MARROW OF MICE.

N. Bhardwaj and R. K. Saxena. School of Life Sciences, Jawaharlal Nehru University,
New Delhi, New Delhi, India. Sponsor: M. Gilmour.
Paraquat (1, 1’-dimethyl-4-4’ bipyridinium dichloride), the most widely used herbicides in the world is toxic to human beings. Exposure to Paraquat causes anemia
in humans but the mechanism of its action on the differentiation of erythroid cells
in bone marrow and erythrocyte turnover in blood circulation is not known. In the
present study, the effect of Paraquat administration on erythroid differentiation in
mouse bone marrow was studied. Stages of erythroid differentiation were enumerated by double staining of bone marrow cells with Ter 119 (Glycophorin) and CD
71 (Transferrin) markers (Marinkovic et al. J Clin Invest. 117, 2133, 2007). This
methodology allows identification and enumeration of four different precursors of
erythrocyte population, i.e. early pro-erythroblast (Termed CD71high), basophilic
erythroblast (Terhigh CD71high), late basophilic, polychromatophilic erythroblast
and orthochromatophilic erythroblast (Terhigh CD71med), and orthochromatophilic erythroblast with mature erythrocytes (Terhigh CD71low). C57Bl/6
mice were administered 10 mg/kg of Paraquat i.p. on alternate days and precursor
cells representing different stages of erythrocytes pathway enumerated on day 7, 14
and 21. Proportion of cells of erythroid lineage decreased significantly in response
to Paraquat; the decline being 46%, 50.4% and 47.1% respectively on day 7, 14
and 21 of Paraquat treatment. Pro-erythroblast progenitors were significantly reduced (40-50% reduction) whereas the decline in erythroblast population was
more severe (70-80% reduction). Further analysis indicated that the decline in
bone marrow erythropoiesis resulted from enhanced apoptosis as well as a decline
in mitotic activity of the erythroid precursor cells of bone marrow. The changes induced by Paraquat on the mouse erytheroid cells were transient since the mice regained normal levels of blood erythrocytes 28 days after the Paraquat treatment was
stopped.

2069

CELLULAR, METABOLIC, AND HISTOLOGICAL
EVIDENCE FOR ARSENIC-INDUCED MYOPATHY.

F. Ambrosio1, B. Goodpaster2, L. Niedernhofer3, B. Van Houten4, G.
Distefano1, 2, E. H. Brown1 and A. Barchowsky5. 1Physical Medicine &
Rehabilitation, University of Pittsburgh, Pittsburgh, PA, 2Medicine, University of
Pittsburgh, Pittsburgh, PA, 3Microbiology and Molecular Genetics, University of
Pittsburgh, Pittsburgh, PA, 4Pharmacology, University of Pittsburgh, Pittsburgh, PA
and 5Environmental and Occupational Health, University of Pittsburgh, Pittsburgh,
PA.
Stem and precursor cells are susceptible to the deleterious effects of arsenic.
Previous studies have demonstrated that muscle precursor cell (MPC) exposure to
arsenic in vitro inhibits MPC differentiation and gene activation of the myogenic
program. Given the importance of stem cells for both developmental processes and
tissue regeneration, this prevalent toxicant therefore presents a major public health
concern. We investigated the hypothesis that in vivo arsenic exposure (100ppb) for
5 weeks induces epigenetic and metabolic changes in adult mouse MPCs; we further hypothesized these cellular changes to be associated with aberrant skeletal muscle tissue integrity. Indeed, we observed accelerated growth kinetics when MPCs
were isolated after arsenic exposure through drinking water, as compared to controls. Transmission electron imaging of arsenic-exposed muscles revealed mitochondrial myopathy, as evidenced by swollen mitochondria and cristae disruption.
Mitochondrial respiration of permeabilized muscle fibers revealed an increased
maximal coupled and uncoupled respiration of arsenic-exposed muscle, compared
to controls. These findings suggest that environmentally relevant levels of arsenic
exposure promote MPC proliferative expansion. Importantly, these cellular changes
persist even after the arsenic stimulus has been removed, suggesting epigenetic
changes may have occurred. Increased growth kinetics were associated with increased mitochondrial energy demands, an effect that may explain the observed mitochondrial myopathy. Future studies should investigate the mechanism underlying
arsenic-induced MPC alterations. Supported by NIEHS grant R01ES013781 and
by NIH K12 for Physical and Occupational Therapists (K12 HD055931)

2070

A NEW STRATEGY FOR DRUG DISCOVERY AND
DEVELOPMENT BY ANALYZING THE BEHAVIOR OF
ES CELLS CULTURED ON TOSHI (TISSUE/ORGAN
SECTIONS FOR HISTOPATHOLOGY)–SUBSTRATA.

T. Takezawa. National Institute of Agrobiological Sciences, Tsukuba, Japan. Sponsor:
T. Satoh.
It is reported that mouse embryonic stem (ES) cells injected into the tail veins of
carbon tetrachloride (CCl4) liver-injured mouse were differentiated into hepatocyte-like cells in the host liver [Hepatology 37: 983-993, 2003]. Therefore, we in-
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vestigated whether the ES cells could also be differentiated into hepatocyte-like cells
when they were cultured on the TOSHI-substrata prepared from livers in various
stages after CCl4 administration into mice. Consequently, it was found that the
substrata derived from regenerating livers enhanced cell attachment, supported
growth as clusters, and induced differentiation into cells expressing albumin, although the substrata from injured livers did not. In particular, the cells cultured on
the most proliferative regenerating liver-derived substratum reconstructed the hepatic cord-like structures with bile canaliculus-like aspects in which some binucleated cells were involved, secreted albumin, and expressed cytochrome P450IA1 activity within a few days [Tissue Eng. Part A 14: 267–274, 2008.]. Here, I propose a
novel strategy for drug discovery and development from the above data. The data
suggest two advantages based on the behavior of ES cells in a culture system utilizing TOSHI-substrata; one is that TOSHI-substratum derived from regenerating
livers with high proliferative potential efficiently induced the differentiation of ES
cells toward hepatic lineage and another is that ES cells functioned as a sensor recognizing liver toxicity in TOSHI-substratum derived from injured livers after CCl4
administration into mice. Therefore, it is considered that the former would be
available for the novel approach of drug discovery to find bioactive factors and the
latter provide a new alternative method of animal experiments in toxicology to support drug development [Methodological Advances in the Culture, Manipulation
and Utilization of Embryonic Stem Cells for Basic and Practical Applications, Craig
Atwood. (ed.), InTech, Croatia, pp. 473-488, 2011].

2071

REDOX DISRUPTING POTENTIAL OF TOXCAST
CHEMICALS RANKED BY ACTIVITY IN MOUSE
EMBRYONIC STEM CELLS.

K. J. Chandler, S. Hunter, M. Hoopes, S. Jeffay, H. Nichols, N. Kleinstreuer
and T. Knudsen. US EPA, Durham, NC.
To gain insight regarding the adverse outcome pathways leading to developmental
toxicity following exposure to chemicals, we evaluated ToxCast™ Phase I chemicals in an adherent mouse embryonic stem cell (mESC) assay and identified a redox
sensitive pathway that correlated with altered myocardial differentiation. Here, we
developed a weight-of-evidence ToxPi ranking for 309 chemicals across 19 ToxCast
assays selected for cell-based and biochemical features that can be tied to cellular
redox balance. Among the highest ranking putative redox disrupting chemicals
(pRDC) were mitochondrial disruptors such as rotenone, azoxystrobin, pyraclostrobin, fluoxastrobin and trifloxystrobin. For these 5 chemicals, the ToxPi ranking followed their rank order potency in developmental toxicity (ToxRefDB). For
the entire chemical library, those that produced a 50% change in stem cell differentiation (AC50) were grouped with more potent pRDCs whereas chemicals that altered cell number by 50% were evenly distributed throughout the redox ToxPi
ranking (Wilcoxon rank sum, p=0.03). To test the putative redox disrupting activity of pRDCs, 2’,7’-dichlorodihydrofluorescein diacetate was used to measure ROS
in exposed mESCs. Preliminary data indicated H2O2 at concentrations <300uM
produced concentration and temporally-dependent ROS levels. ROS was 30%
lower on Day 3 than Day 7, indicating a decline in antioxidant capacity with
mESC differentiation. Thus, more differentiated mESCs may have decreased antioxidant capabilities. This finding indicates the importance of temporal considerations in the mESC differentiation assay when interpreting the pRDC ToxPi ranking of ToxCast chemicals on oxidative stress signaling/altered redox pathways. In
sum, altered redox potential may be an adverse outcome pathway linked to altered
differentiation in mESCs and developmental toxicity in vivo. Identification of
pRDCs may be useful in prioritizing chemicals as potential developmental toxicants. This abstract does not necessarily reflect US EPA policy.

2072

SMALL-MOLECULE KINASE INHIBITION TO
EXPEDITE THE MATURATION OF HUMAN IPSDERIVED CARDIOMYOCYTES.

J. Babiarz1, S. Kameoka1, T. Singer2, 1, T. Weiser2, 1, K. L. Kolaja1, 2 and E.
Chiao1. 1Nonclinical Safety, Hoffmann-La Roche, Nutley, NJ and 2Nonclinical Safety,
Hoffmann-La Roche, Basel, Switzerland.
Human pluripotent stem cell-derived models are becoming increasingly important
in drug discovery and development, because of a number of key attributes. In particular, they are human, euploid, genetically defined, can be derived from relevant
patient populations, and are scalable. However, tissues differentiated from pluripotent stem cells are more similar to fetal tissues than adult, making their extrapolation to the adult, in vivo situation difficult. Our recent work studying long-term
culture of stem cell-derived cardiomyocytes (hiPS-CMs) revealed a time-dependent
activation of genes associated with the adult heart, suggesting these cells are capable
of maturing into a more adult-like phenotype. However, long-term culture (>4
months) is not feasible for examining toxicities associated with SAR of novel mo-

lecular entities to avoid cardiotoxicity. To overcome this hurdle, hiPS-CMs were exposed to a focused library of small molecule kinase inhibitors that were capable of
inhibiting ~400 kinase targets. High-throughput, microfluidic quantitative RTPCR (qRT-PCR) was used to examine the expression of 24 genes (22 heart-specific
and 2 housekeeping). Two independent chemical scaffolds were identified with
overlapping kinase inhibition profiles, which resulted in a significant increase in a
number of maturation-associated genes. These hits were confirmed in a secondary
screen, and the ability for a sustained response was queried. Taken together, these
data suggest it is possible to modulate the maturation of stem cell-derived tissues,
potentially generating even more relevant models for drug discovery and safety platforms. Stem cell-derived cardiomyocytes are particularly intriguining from a safety
perspective, as they express key ion channels and spontaneously contract. These aspects make them suitable for investigating compound-induced arrhythmias and ion
channel blockade in a relevant system.

(ESC) in culture and on the expression of marker genes of different cellular lineages. Stable ESC lines transfected by a Cyp1a1 promoter-driven puromycin-IRESeGFP plasmid were allowed to differentiate in the presence of TCDD followed by
puromycin treatment. Real-time PCR analyses of diagnostic ectoderm, endoderm,
and mesoderm marker gene expression revealed that many mesoderm marker genes
were up-regulated by TCDD treatment, while both endoderm and ectoderm markers were down-regulated. Since up-regulation of the transgene is AHR-dependent,
these data indicate that during early differentiation, AHR activation might be committed to mesodermal lineages, suggesting a potential role for AHR in the regulation of their morphogenesis during embryonic development. Supported by NIH
grant R01ES06273.
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EVALUATION OF CADMIUM BIPHASIC
CYTOTOXICITY ON HUMAN EMBRYONAL
CARCINOMA AND MOUSE EMBRYONIC STEM CELLS.

A. Aliberti and F. A. Barile. Pharmaceutical Sciences, Toxicology Division, St. John’s
University College of Pharmacy, Queens, NY.
Cadmium (Cd) is a complex metal that is classified as a nongenotoxic human carcinogen. Environmental and occupational exposure, including cigarette smoke and
contaminated food and water, are among the possible sources of Cd. Although the
exact mechanism of Cd carcinogenicity is debatable, current information suggests
that exposure to low concentrations of Cd results in alterations in gene expression
and mitogenic induction. Human embryonal carcinoma (NTERA-2 cl.D1; EC)
and mouse embryonic stem (mES) cells are both undifferentiated pluripotent cell
lines that are capable of unlimited proliferation and programmed differentiation in
vitro. Based on the principle that altered cell proliferation leads to abnormal embryogenesis, we evaluated the effect of low concentrations of Cd in the stem cells by
measuring cell viability (MTT assay), cell proliferation ([3H]-thymidine [3H-TdR]
incorporation for DNA synthesis) and total protein (sulforhodamine B [SRB]
assay). Cells were treated with various concentrations of Cd for 1-h (+ 23 hour recovery period), or 24-h. Cell viability significantly decreased at higher Cd concentrations (400-800 μM) following 1-h exposures, but recovery was evident within
23-h. Inhibitory concentration 50% (IC50) values for EC and mES cells were estimated at 64 and 107 μM, respectively, after 24-h exposures. Although there was a
consistent, toxicologically noticeable, increase in cell proliferation after 24-h to low
dose Cd (80 nM - 5 μM), this biphasic effect was not statistically significant. The
study demonstrates that a toxicologically important hormesis effect from trace metals is distinguishable in cultured embryonic stem cells and depends on the indicator
and exposure period. The ability to detect this in vitro phenomenon implies that
similar processes occurring in vivo may be responsible for development, induction,
or enhancement of the carcinogenic process.

J. F. Reichard and A. Puga. Environmental Health, University of Cincinnati,
Cincinnati, OH.
Skin is a primary target for chronic arsenic toxicity. Hyperkeratosis, hyperplasia and
non-malignant skin cancer (NMSC) are well-established hallmarks of arsenicosis.
Keratoses develop slowly over many years with a wide range of severity and have
been recognized as a pre-malignant lesion since the nineteenth century. Despite
being strongly linked to these non-malignant skin diseases in humans, there is no
mechanism that satisfactorily explains arsenic’s cutaneous effects. A growing body
of literature suggests that arsenic disrupts epigenetic programming, thereby disrupting the expression of genes that regulate cell cycle and differentiation. The goal
of this study is to test the possibility that arsenic disrupts stem cell differentiation,
and in doing so, identify the stage(s) when disruption occurs. In order to get the
greatest possible perspective, directed epithelial differentiation of mouse embryonic
stem cells was employed. Mouse embryonic stem cells were differentiate by treating
with all-trans retinoic acid (ATRA; 1 μM) BMP4 (25 μM) and 300 μM ascorbic
acid for 7 days, then with keratinocyte media containing growth supplement for an
additional days. Differentiation was preformed in the presence or absence of 0.5
μM arsenite throughout the experiment. Differentiation from embryonic stem cell
to keratinocyte was followed using qRT-PCR to measure expression levels of key
differentiation markers. Here we show that arsenic does not influence the differentiation of embryonic stem cells prior to acquiring an epithelial phenotype. After
this point, however, markers of terminal differentiation are repressed by arsenic. We
conclude that arsenic does not target early-stage differentiation of embryonic stem
cells; rather, arsenic disrupts differentiation of more terminally differentiated keratinocytes and inhibits expression of early markers of stratified epithelium. This observation is consistent with the effects of arsenic on HaCaT cells (human keratinocytes) and human keratinocytes infected with HPV 16.

2076
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EXPRESSION OF THE ARYL HYDROCARBON
RECEPTOR DURING MOUSE EMBRYONIC STEM CELL
DIFFERENTIATION IS HIGHER IN MESODERMAL
LINEAGES.

Q. Wang, Y. Wang, Y. Fan, C. Ko and A. Puga. University of Cincinnati,
Cincinnati, OH.
The aryl hydrocarbon receptor (AHR) is a ligand activated transcription factor.
Many of its ligands, including dioxin (TCDD) and the dioxin-like compounds, are
known environmental toxicants with extensive biological effects. Upon TCDD
binding, the AHR translocates into the nucleus, heterodimerizes with the Ah receptor nuclear translocator (ARNT) and binds to AHR response elements in the
chromatin of target genes. As a consequence of AHR-ARNT complex binding,
many target genes are up-regulated while others are down-regulated, or even silenced. AHR is one of the critical mediators of gene-environment interactions.
Besides the canonical AHR signaling pathway, alternative AHR functions, resulting
from cross-talk with other signaling pathways, have also been reported. A growing
body of evidence indicates that AHR plays an important role in regulating cell differentiation and cycling, hormonal and nutritional homeostasis, immune responses, aging and cancer promotion. Recently, evidence in AHR knockout mice
has also shown a functional role for the AHR in hematopoiesis and heart development. To characterize the role that the AHR plays in development and the consequences of dioxin exposure during embryonic differentiation, we have studied the
effect of TCDD exposure on the differentiation of mouse embryonic stem cells

ARSENIC INHIBITS DIRECTED DIFFERENTIATION
OF MOUSE PLURIPOTENT STEM CELLS TO
EPIDERMAL KERATINOCYTES.

IMPROVED HIPSCS-DERIVED CARDIOMYOCYTES
(REPROCARDIO 2) FOR USE IN HIGH-THROUGHPUT
ELECTROPHYSIOLOGICAL PLATFORMS AND HIGHCONTENT IMAGING SYSTEMS.

S. Yoshida and Y. Asai. ReproCELL Inc., Yokohama, Japan. Sponsor: T. Shafer.
Human induced pluripotent stem cells (hiPSCs) possess self-renewing potency and
pluripotency, which are known to provide a promising source of human cardiomyocyte cell types. However, current cardiomyocytes differentiated from hiPSCs have
limitations for use, due to their instability of their cardiac characteristics and functionality, which has given rise to problems when using electrophysiological assay
systems. To overcome these limitations, ReproCELL has developed the
ReproCardio 2 cardiomyocytes, derived from hiPSCs that demonstrate stable cardiac characteristics and functionality and can therefore be used on electrophysiological assay systems. Furthermore, cardiomyocytes from the ReproCardio2 can
produce beating clumps, thin layers or single beating cells and therefore have the
versatility for use in high-throughput screening (HTS) platforms or high-content
imaging systems. Whether as a single cell, clump or thin layer, ReproCardio 2 cardiomyocytes stained positive for the representative cardiac markers, αMHC, cTnT,
MLC-2a, MLC-2v, Cx43. Using the improved ReproCardio 2 cardiomyocytes we
have further developed our QTempo® assay (beating clumps on the MEA platform) to better predict the drug induced QT interval prolongation (DIQTIP) of a
wide spectrum of compounds including Sotalol and Verapamil. We are also developing a high-content imaging assay, utilizing the ReproCardio2 cardiomyocytes
ability to form beating thin layers. Fluorescent microscopy clearly showed synchronized electrical potential using a Ca2+ transient assay (fluo8) and converting this to
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a high-content system will provide a potential inotropic assay, especially for compounds acting via the calcium channels. The improvement in our hiPSC-derived
cardiomyocytes will provide a wider choice of high-throughput assay systems and in
turn will produce a more robust and predictive set of tox-assays for drug discovery.

2077

ESTABLISHMENT OF IN VITRO EPIGENETIC
TOXICITY TEST MODEL USING PRIMORDIAL GERM
CELL DERIVED FROM MOUSE EMBRYONIC STEM
CELL.

Because of small portion of PGC in the embryo, large scale of screening is impossible. To overcome these obstacles, we establish in vitro PGC differentiation model
from mouse embryonic stem cells (ESC) and evaluated the methylation patterns by
vinclozolin in differentiated PGCs. To differentiate mouse ESC to PGC, hanging
drop method was used. SSEA-1 antibodies were used to isolate the primordial germ
cell. To verify the PGC, isolated PGC were cultured for 7 days on mouse embryonic fibroblasts (3T3) in 2 mM retinoic acid supplemented medium and 2nd separations of PGC were done using SSEA-1 antibody. A well-known endocrine disruptor, vinclozolin, was treated to ESC during differentiation and proliferation
period of PGC at 0.18mM, 0.27mM and 0.36mM concentration. To determine
the methylation pattern in H19 gene, Biotinylated PCR products were purified
with streptavidine-sepharose. 4 CpG sites in H19 gene between 1594~1730 were
analysed using PSQ96MA system. Average methylation rate of H19 at CpG sites
was 84.3% in ESC, and it was decreased to 43.8% in 1st isolated PGC at day 5,
and 33.4% in 2nd isolated PGC after further 7 day culture. The erase of H19
methylation was significantly delayed (70.5%) by vinclozolin treatment to ESC
during the differentiation to PGC for 5 days. But, it was delayed in PGC isolated
after 7 day culture (2nd isolated PGC) at all vinclozolin groups. The methylation of
H19 gene was more significantly erased by 7 day culture of PGC after isolation of
PGC differentiated for 5 days from ESC. The vinclozolin showed significant delay
the erase of methylation at H19 gene CpG site by the present In vitro epigenetic
toxicity test model. We suggest that the developed model could be a useful tool for
the evaluation of chemicals for epigenetic toxicity.

ARSENIC-INDUCED MALIGNANT TRANSFORMATION
OF HUMAN SKIN KERATINOCYTE STEM CELLS.

Y. Sun, E. J. Tokar, Y. Xu and M. P. Waalkes. National Toxicology Program
Laboratory, DNTP, NIEHS, Research Triangle Park, NC.
Arsenic is a human skin carcinogen. Cancer is probably a disease driven by stem
cells (SCs) and SCs are likely a key target during arsenic carcinogenesis.
Accumulating evidence indicates that cancer SCs (CSCs) may arise from SCs. Our
prior work showed arsenic-induced malignant phenotype was particularly pronounced in the SCs subpopulation during transformation of human skin keratinocytes or prostate epithelial cells and this occurred concurrently with an overproduction of CSCs. Further, arsenic can directly and rapidly transform a prostate
epithelial SC line into CSCs. Here we determine if arsenic can induce oncogenic
transformation in SCs isolated from a human skin keratinocyte line (HaCaT cells).
SCs first were enriched from HaCaT cells by using a positive magnetic bead isolation system for CD34 positive cells. CD34 is a robust cell surface marker for
human skin SCs. Isolated SCs were then continuously exposed to sodium arsenite
(100 nM) in collagen-coated dishes and compared to unexposed SCs. Potential malignant phenotype and SC/CSC characteristics were assessed. After 13 weeks continuous arsenic exposure, transcript level of K13, a biomarker for dermal cancer
progression, markedly increased in arsenic exposed (As-E) SCs compared to control
SCs. The expression of PTEN, a tumor suppressor gene often inactivated in tumors, was markedly reduced in As-E SCs compared to control. Furthermore, compared to control, As-E SCs showed markedly elevated secreted activity of MMP-9,
invasive ability, and colony formation in soft agar, all indicators of cancer phenotype. The expression of SC markers CD34, Oct-4, K19, K5 and K15 markedly increased in As-E SCs compared to control SCs. In prior work using total population
HaCaT cells, similar oncogenic changes were not observed in phenotype or expression as early as 13 weeks of exposure to 100 nM arsenic, and it took ~30 weeks for
malignant transformation to occur. Thus, it appears arsenic exposure can directly
target human skin SCs for carcinogenic transformation and this happens more rapidly than with the total population.
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REEVALUATION OF THE US NATIONAL TOXICOLOGY
PROGRAM’S (NTP) MOUSE LYMPHOMA FORWARD
MUTATION ASSAY (MLA) DATA USING CURRENT
STANDARDS REVEALS LIMITATIONS OF USING THE
PROGRAM’S SUMMARY CALLS.

B. Gollapudi1, M. R. Schisler1, L. McDaniel2 and M. M. Moore2. 1The Dow
Chemical Company, Midland, MI and 2NCTR, Jefferson, AR.

H. Kang1, H. Shin1, J. Seo1, S. Jeong2, S. Park1, Y. Park1 and S. Son1.
1Veterinary Toxicology and Chemistry, National Veterinary Research and Quarantine
Service, Anyang, Republic of Korea and 2GLP Research Center, College of Natural
Sciences, Hoseo University, Asan, Republic of Korea.
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The NTP developed an extensive database on the mutagenicity of chemicals in the
MLA during the 1980s. These data are frequently used to evaluate the performance
of this assay to predict in vivo mutagenicity and carcinogenicity. Since the MLA has
undergone significant procedural enhancements in recent years, a project was undertaken to reevaluate the NTP data according to the current standards (IWGT) to
assess the assay performance capabilities. Data from more than 1900 experiments
representing 342 chemicals were examined against acceptance criteria for background mutant frequency, cloning efficiency, positive control values, and appropriate dose selection. In this reanalysis, only 17% of the experiments and 40% of the
“positive” calls met the current acceptance standards. Approximately 20% of the
test chemicals required >1000 μg/mL to satisfy the criteria for the selection of the
top concentration. When the concentration is expressed in molarity, approximately
58, 32, and 10% of the chemicals required ≤1 mM, >1 to ≤10 mM, and >10 mM,
respectively, to meet the criteria for the top concentration. More than 60% of the
chemicals were judged as having insufficient data to classify them as positive, negative, or equivocal. Of the 265 chemicals from this list evaluated by Kirkland et al
(2005, Mutat Res., 584, 1), there was agreement between Kirkland calls and our
calls for 32% of the chemicals. A detailed listing of the chemicals along with their
reanalysis calls will be presented to highlight the limitations of using the NTP’s
summary calls. This evaluation also revealed the need for expert review of primary
data to assess specific chemical results and to develop structure-activity and readacross relationships.

2080

ARISTOLOCHIC ACID IS A MORE POTENT GENE
MUTAGEN THAN CLASTOGEN IN F344 RATS.

J. A. Bhalli, J. G. Shaddock, M. G. Pearce and R. H. Heflich. NCTR, US FDA,
Jefferson, AR.
The herbal drug aristolochic acid (AA) is a mixture of two structurally related nitrophenanthrene carboxylic acids, AA-I and AA-II. It has been used in the diet to
promote weight loss, but it also has displayed severe toxicity. AA has been associated
with the development of a novel nephropathy, Chinese herbal nephropathy (CHN)
or aristolochic acid nephropathy (AAN), and with the development of urothelial
cancer in AAN patients. In this study, we evaluated the genotoxicity of a 1:1 mixture of AA-I and AA-II in F344 rats. Groups of six 7-8-week-old male rats were
given 28 daily doses (Days 1-28) of 0 (PBS vehicle), 5.5, 11, or 22 mg/kg AA.
Animals dosed with 22 mg/kg/day lost weight, and the dosing was stopped after 7
days. On Days -1, 15, 29, and 56, Pig-a mutant frequencies were determined in peripheral blood by measuring the frequency of CD59-deficient erythrocytes in ~100
million red blood cells (RBCs, as RBCCD59-) and ~3 million reticulocytes (RETs,
as RETCD59-); micronucleus (MN) frequencies were measured on Days 4 and 29.
On Day 56, the animals were sacrificed and their spleens collected for the Hprt
lymphocyte mutation assay. RBCCD59- and RETCD59- frequencies increased in
a dose- and time-dependent manner, producing up to 75-150-fold increases by Day
56 (e.g., RETCD59- frequency in the 11 mg/kg/day group of 150.2 x 10-6 vs. 2.17
x 10-6 in the control). In general, stronger responses were found for RETCD59than RBCCD59- frequencies on Day 15 and 29, while RETCD59- and
RBCCD59- frequencies were similar on Day 56. Hprt mutant frequencies also
were increased in treated animals, with the frequencies being slightly greater than
the Pig-a frequencies. Only the Day 4 MN frequency for rats treated with the toxic
22 mg/kg/day dose was slightly (~2-fold) increased relative to the control. These
findings indicate that AA is a strong gene mutagen in rats, but a relatively weak clastogen. The study demonstrates the value of combining gene mutation with MN
endpoints when evaluating the genetoxicity of test agents in vivo.

2081

DEVELOPMENT OF A HIGH-CONTENT HIGHTHROUGHPUT SCREENING PLATFORM FOR
GENOTOXICITY ASSESSMENT.

B. Goodwin1, K. Witt2, C. Austin1, R. Tice2 and M. Xia1. 1National Institutes of
Health Chemical Genomics Center, National Institutes of Health, Rockville, MD and
2National Institute of Environmental Health Sciences, National Toxicology Program,
Research Triangle Park, NC.
DNA damage causes chromosome instability and gives rise to impaired cell function, apoptosis, or carcinogenesis. Identification of environmental and pharmaceutical compounds with the potential to induce DNA damage is an important step in

investigating chemical safety. Micronuclei formation is a key characteristic of genotoxicity, and can be assessed using the in vitro micronucleus (MN) assay. This assay
detects aneugenic and clastogenic compounds in cells that have divided during
treatment. A high-content high-throughput MN assay was developed in CHO-k1
cells in 384-well format, as part of the U.S. Tox21 program, following OECD
guidelines. 1000 cells/well were imaged on the ImageXpress® system, and
MetaXpress was used to identify and quantitate micronuclei after compound exposure. To further classify active chemicals as aneugens or clastogens, a 1536-well
high-content screen was developed for detection of pH2AX, a phosphorylated histone protein that accumulates in foci at the sites of DNA double strand breaks.
Detection of pH2AX was achieved using a FITC-conjugated anti-pH2AX antibody, and analysis was completed using MetaXpress. To complement the pH2AX
results, a Rad51-GFP redistribution assay was developed in 1536-well format.
Rad51 is a component of homologous recombination DNA repair and is recruited
to nuclear foci to coordinate repair. Using this battery of high-throughput assays,
we successfully characterized the clastogenic and aneugenic activity of over 20
known genotoxic compounds (e.g., mitomycin C, colchicine, camptothecin, cytosine b-D-arabinofuranoside). The results obtained support the use of this battery in
Tox21 Phase II, where a 10K compound library will be screened for genotoxicity.
Supported by NIEHS Interagency Agreement Y3-ES-7020-01.

sharing between λEG10 and the mouse chromosome at the other end. In a similar
manner, genomic DNA extracted from male F344 gpt delta rats was applied to
high-throughput DNA sequencing analysis. The result indicated that multi-copy of
λEG10 was inserted at a single position in the rat chromosome 4, where 72 kb genomic DNA was deleted. The junction contained a 14 bp-insertion sequence,
among which 10 bp was identical to the end of inserted λEG10. Based on the
DNA sequence information at the insertion sites, PCR primers that could distinguish between homo and hetero status of the transgene were designed for mice and
rats. High-throughput DNA sequencing is a powerful tool to analyze complex
genome rearrangements in detail such as identification of insertion sites of the
transgene in rodents for in vivo mutation assays.

2084

EVALUATION OF IN VITRO MICRONUCLEUS TEST IN
TK6 LYMPHOBLASTOID CELLS: COMPARISON WITH
CHL CELLS AND HUMAN PERIPHERAL
LYMPHOCYTES USING PHARMACEUTICAL DRUG
CANDIDATES.

C. Hirogaki, T. Yamada, J. Kimura and H. Funabashi. Safety Research
Laboratories, Dainippon Sumitomo Pharma Co., Ltd., Osaka, Japan.

2082

OPTIMAL DOSE SETTINGS TO EVALUATE DNA
DAMAGE IN DIFFERENT ORGANS IN A RAT COMET
ASSAY.

S. Kitamoto1, R. Matsuyama1, Y. Uematsu2, K. Ogata1, M. Ota1, T. Yamada2,
K. Miyata1, J. Kimura2, H. Funabashi2 and K. Saito1. 1Environmental Health
Science Laboratory, Sumitomo Chemical Co., Ltd., Osaka, Japan and 2Safety Research
Laboratories, Dainippon Sumitomo Pharma Co., Ltd., Osaka, Japan.
The comet assay is a promising technique to evaluate DNA damage in vivo.
However, evaluation techniques have not been optimized; there is no agreement on
a method to evaluate DNA damage in organs where the cytotoxicity was observed.
As part of the JaCVAM international validation study to develop the testing guideline, we examined DNA damage on the liver and stomach cells in the comet assay.
Male SD rats were treated three times orally at 3, 24 and 48 hours before sacrifice
with N-methyl-N-nitrosourea (MNU, coded by JaCVAM when tested) at 50, 100
and 200 mg/kg. The maximum tolerated dose, 200 mg/kg, was set based on the
systemic toxicity in the dose-finding test. MNU significantly increased the % tail
DNA both in the liver and stomach. Histopathological analysis showed no cytotoxic effect on the liver, indicating clearly that MNU has a DNA damaging potential to the liver. In the stomach, however, the extremely severe cytotoxic effects such
as degeneration/necrosis in mucosa were observed at any doses including systemically non-toxic dose of 50 and 100 mg/kg. The increase in the % tail DNA was
considered to be caused by a secondary effect of severe cell damage. The additional
study was conducted with lower doses of 6.25, 12.5 and 25 mg/kg and the increase
in the % tail DNA at no cytotoxic dose of 6.25 mg/kg was observed. Therefore, it
was concluded that MNU has the DNA damaging potential in the stomach. Above
findings indicate that an optimal dose for detecting DNA damage may vary among
organs and that it is not adequate to select a top dose for the comet assay solely
based on the systemic toxicity like mortality and clinical observations. We conclude
that when the increase in the % tail DNA was observed, the criteria for a positive
response in the comet assay should include the confirmation of no cytotoxic effect,
judged by histopathological examination to ensure well-designed dose settings.

2083

IDENTIFICATION OF GENOMIC INSERTION SITES OF
λEG10 DNA IN GPT DELTA TRANSGENIC MICE AND
RATS BY HIGH-THROUGHPUT DNA SEQUENCING.

T. Nohmi, K. Masumura, Y. Sakamoto, W. Kumita and M. Honma. Division of
Genetics and Mutagenesis, National Institute of Health Sciences, Setagaya, Tokyo,
Japan. Sponsor: A. Nishikawa.
Transgenic gpt delta mice and rats are developed for in vivo mutation assays. The assays allow detection of gene mutations in any organs of mice and rats, and therefore
frequently used for identification of mutations in target organs of carcinogenicity.
The transgenic rodents have been established by microinjection of λEG10 phage
DNA into the fertilized eggs of C57BL/6J mice and Sprague Dawley (SD) rats.
Recently, Fischer 344 gpt delta rats have been established by backcross from the SD
gpt delta transgenic rats. λEG10 DNA carries reporter genes for point mutations
and deletions. To identify the insertion sites of λEG10 DNA, genomic DNA extracted from male gpt delta mice was applied to high-throughput DNA sequencing
and mate-pair analysis using SOLiDTM system. The result indicated that multicopy of λEG10 was inserted at a single site in the chromosome 17. In addition, it
revealed that the junction between λEG10 and the mouse chromosome contained
70 base-pair (bp) duplicated sequences, two-bp insertion at one end and five bp

In vitro micronucleus test (MNT) using mammalian cells is widely used to assess
the genotoxic potential of compounds. Human TK6 lymphoblastoid cell, one of
the cell lines used for genotoxicity studies, has the great advantage of p53 proficiency, which is expected to decrease false positive results caused by underestimation of cytotoxicity. However, TK6 cell has not been well validated in MNT so far.
In this study, to evaluate the sensitivity of TK6 cells in MNT, we tested our internal
pharmaceutical drug candidates with in vivo positive and negative genotoxic effects
and compared the results with those in CHL cells and human peripheral lymphocytes (HLs).
TK6 cells were treated with 11 compounds for 3 hours with or without S9 followed
by the recovery period for 21 hours or continuously treated for 24 hours without
S9. The frequency of micronucleated cells in 1,000 cells was analyzed for each treatment. Chromosomal aberration tests in CHL cells and HLs and in vivo MNT in
rats were also conducted with those compounds.
Even for a shorter treatment period, most of the compounds produced a more severe cytotoxicity in TK6 cells than in CHL cells. All in vivo MNT-positive compounds showed a statistically significant, clearly positive response in TK6 cells. In
vivo MNT- and HL-negative, CHL-positive compounds also produced a statistically significant increase in the incidence of micronuclei in TK6 cells, but those
compounds showed a weaker response compared to the in vivo MNT-positive compounds. Hence, in vivo MNT-positive and negative compounds were able to be discriminated with the introduction of a cut-off value for the incidence of micronuclei. These results suggested that actual in vivo genotoxic potential of a compound
reflected the TK6 response.
From these results, it is considered that TK6 cells are useful and sensitive enough
for in vitro MNT if the threshold for micronucleus induction is incorporated into
the evaluation criteria together with a statistical method.

2085

COMBINATION OF MUTATION AND CHROMOSOMAL
DAMAGE ENDPOINTS USING PIG-A GENE AND
MICRONUCLEUS ASSAY IN PERIPHERAL BLOOD IN
RATS.

M. Merker1, A. Poth1 and I. Willberger2. 1Genetic and Atlernative Toxicology,
Harlan Cytotest Cell Research GmbH, Rossdorf, Germany and 2Technical University
Darmstadt, Darmstadt, Germany.
Two endpoints of genetic toxicity, mutation at the x-liinked Pig-a gene and chromosomal damage in the form of micronucleated reticulocytes were evaluated in
blood samples of rats. Wistar Han rats were treated with three prototypical mutagens: N-ehtyl-N-nitrosourea (ENU), 2-acetylaminofluorene (2-AAF) and cyclophosphamide (CPA). Animals were treated on three consecutive days (days 1-3)
via oral gavage and blood specimens were obtained on days: -1, 4, 15, 30 and 45. A
second endpoint of genotoxicity the frequency of peripheral blood micronucleated
reticulocytes was measured on day 4. Each chemical induced micronuclei and the
GPI-anchor-deficient phenotype. Increased mutant cell frequencies were evident
on day 15. Mutant reticulocyte frequencies remained relatively stable for some
chemicals CPA, but the other two chemicals peaked and the dropped significantly.
The differences in kinetics observed are presumably related to the degree to which
mutation occurs in hematopoietic stem cells versus more committed cells with limited self-renewal capacity. The results indicate that determination of the frequency
of GPI anchor-deficient erythrocytes is an efficient test system of evaluating the in
vivo mutagenic potential of chemicals. Integration into routine toxicology studies is
feasible.
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2086

GENOTOXICITY OF FURAN DERIVATIVES AS
ASSESSED BY THE COMET ASSAY.

A. H. Sæther1, G. Brunborg1, H. Glatt2, C. Svendsen1, T. Rasmussen1, J.
Alexander1 and T. Husøy1. 1Norwegian Institute of Public Health, Oslo, Norway and
2Department of Nutritional Toxicology, German Institute of Human Nutrition,
Potsdam-Rehbrücke, Germany. Sponsor: U. Nygaard.
Furan derivatives are produced during food processing such as cooking and frying,
and some are added to food as flavourings. When ingested, these compounds are
substrates for sulfotransferases (SULTs) which transform the substrate to a water
soluble compound to ease excretion. However, in some cases this transformation
can lead to the formation of DNA reactive metabolites. Most in vitro genotoxicity
tests do not include SULT activation systems, and thus compounds that are activated by SULTs may give negative results in conventional genotoxicity tests systems. The aim of this study is to identify the genotoxic potential of selected furan
derivatives with SULT activation both in vivo and in vitro. Chinese hamster V79
cell lines expressing combinations of a human cytochrome P450 (CYP) and human
SULT1A1, and transgenic mice expressing human SULT1A1 and 1A2 (SULT
mice) were used in the study. DNA damage was assessed using a modified version
of the single cell gel electrophoresis assay (alkaline Comet assay). This method detects DNA strand breaks and alkali liable sites. Enzyme treatment was used to detect oxidative damage by specifically inducing gaps at these lesions. A concentration-dependent increase in genotoxicity was shown for furfuryl alcohol in vitro, but
it appeared independent of SULT activation. Furfuryl alcohol did not cause detectable DNA damage in SULT mice. A dose-dependent increase in DNA damage
in the liver of 5-hydroxymethylfurfural (HMF) treated SULT mice was found when
specifically testing for oxidative damage. The project continues studying the genotoxicity of alkyl-substituted furans. In conclusion, the genotoxicity of furan derivatives seems to be dependent on the side chains. It remains to be determined
whether the difference in genotoxicity is a consequence of SULT activation.

2087

FLOW CYTOMETRY-BASED IN VITRO
MICRONUCLEUS ASSAY: MITIGATING THE
INFLUENCE OF APOPTOGENIC ACTIVITY.

S. Bryce, S. Avlasevich, J. Bemis and S. Dertinger. Litron Labs, Rochester, NY.
Overt toxicity, including apoptogenic activity, is known to generate misleading results in mammalian cell cytogenetic assays. This laboratory has previously described
a flow cytometric approach for scoring in vitro micronuclei (MN). An important
component of this method is the application of the dye ethidium monoazide
(EMA) to help differentially label the chromatin associated with dead and dying
cells from actual MN. The current work with human TK6 cells was initiated to critically investigate the ability of this methodology to discriminate apoptosis-inducing
compounds that are thought to possess little or no direct genotoxic activity from
genotoxicants with appreciable apoptogenic activity. The genotoxicants were etoposide, colchicine, taxol, camptothecin, aphidicolin, and 5-fluorouracil, and the nongenotoxic apoptosis inducers were anti-FAS, tunicamycin, dexamethasone, carbonyl cyanide m-chlorophenyl hydrazone, and tributyltin. Chemicals were studied
over a range of concentrations in quadruplicate, and each compound was evaluated
in two independent experiments. Treatment occurred for 24-30 continuous hours
in 96-well plates, and staining, plasma membrane lysis and flow cytometric analysis
occurred in these same plates according to In Vitro MicroFlow® Kit instructions.
Flow cytometric MN scoring was accomplished based on the acquisition of approximately 5,000 nuclei per replicate well. Cytotoxicity was evaluated via relative survival (RS) through the determination of EMA-negative nuclei to Counting Bead
ratios. A second endpoint of cytotoxicity, %EMA-positive events, was also determined. When a cytotoxicity limit based on RS ≥ 45% was used, assay sensitivity
and specificity were 100% and 20% respectively. When the cytotoxicity limit was
based on RS ≥ 45% AND an EMA-positive criterion (fold increase < 4-fold over
solvent control) sensitivity and specificity were 92% and 80%, respectively. These
data suggest that this information rich flow cytometric MN scoring system is capable of discriminating non-genotoxic apoptosis-inducers from genotoxicants.

2088

GENOTOXICITY ASSESSMENT OF MOLINDONE.

G. Krishna, S. Goel and P. Baroldi. Supernus Pharmaceuticals, Inc., Rockville, MD.
Antipsychotic drug, molindone, has been on the market since 1970s. It is currently
being developed for new indications for the CNS-related diseases. As part of an effort to fill the nonclinical information gap for this drug, a complete genotoxicity assessment was conducted. Studies were conducted in compliance with GLP regulations and included tests recommended by ICH for new pharmaceutical products
using OECD developed protocols. Genotoxicity test battery included: assessment
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of gene mutations in bacteria, chromosome aberrations in human lymphocytes and
micronuclei in rats. Results showed that molindone was negative in the chromosome aberration assay with and without S9 up to appropriate cytotoxicity levels and
in rat micronucleus assay up to limits of toxicity. In the bacterial Ames Salmonella
and E. coli assay, molindone was negative, except for a weak positive response (2.53-fold) at high doses in a single strain TA100. This finding was further investigated
using human S9 to evaluate the relevance of response to human risk. With human
S9, molindone demonstrated a weaker activity in TA100 achieving a 2-fold increase
in revertants/plate only at a dose of 5000 μg/plate. But, the mutagenic response was
abolished in the presence of human S9 and phase II enzyme system (uridine-5’diphosphoglucuronic acid and glutathione), with a demonstration of conjugates,
suggesting a detoxification mechanism. Further, an additional in vivo rat comet
assay was performed as a follow up study. Standard procedures were used in the
conduct of this assay. The comet assay results were negative. Based on these data, it
was concluded that the genotoxicity risk of molindone, if any, is negligible to humans.

2089

ASSESSMENT OF AN INTEGRATED IN VITRO
GENOTOXICITY SCREENING TEST FOR AN EARLY
AND MORE ACCURATE DETECTION OF GENOTOXIC
COMPOUNDS.

N. Krause, H. Kubas and C. Janaitis. Merz Pharmaceuticals GmbH, Frankfurt am
Main, Germany.
The integration of innovative genotoxicity screening assays into the early discovery
phase of drug development processes is required for several reasons, including the
potential to improve predictivity of mammalian cell test systems and to optimize
learning cycles with regard to a sensible selection of high quality candidates for further development. The recently developed GADD45α GreenScreen HC genotoxicity assay (GreenScreen assay) (Hastwell et al. 2006) offers this potential because of
its higher specificity compared to other in vitro mammalian cell assays.
This study aimed to assess the accuracy of the GreenScreen assay by testing four
later stage development drug candidates along with four reference compounds (including known genotoxicants and non-genotoxicants), which were compared to results obtained from other genotoxicity test systems. In addition, a set of in-house
early drug discovery compounds with compound purities between 90% and 100%
were tested.
The overall concordance of the GreenScreen assay in this study with expected results of drug candidates and reference compounds was found to be very high, which
confirmed findings reported in the literature. The assessment of the in-house drug
discovery compounds revealed a lower genotoxicity rate with the GreenScreen assay
when compared with the in vitro Micronucleus test indicating a reduced false positive rate. Importantly, our results clearly showed that low-level impurities at 1% or
higher concentrations can have a serious impact on the GreenScreen assay result.
Redefining the quality criteria for compounds intended to be tested in this assay extensively improved the identification of genotoxicity associated with the drug candidate.
Taken together, our results provide additional evidence to support the use of the
GreenScreen assay as an effective mammalian cell test system in the genotoxicity
screening battery to improve the predictive power of detecting genotoxic compounds in the early discovery phase and to shorten learning cycles by fast turnaround times and low compound wastage.

2090

CYTOTOXIC AND MUTAGENIC EFFECTS OF
HALOQUINONE DRINKING WATER DISINFECTION
BYPRODUCTS.

C. F. McGuigan, X. Li and X. Le. Division of Analytical & Environmental
Toxicology, University of Alberta, Edmonton, AB, Canada.
The haloquinone (HQ) class of disinfection byproducts was recently identified.
Little is known about HQ toxicity, but some are predicted to be potent carcinogens. This study examined cytotoxicity and mutagenicity of 5 HQ DBPs: 2,6dichloro-1,4-benzoquinone (DCBQ); 2,6-dichloro-3-methyl-1,4-benzoquinone
(DCMBQ); 2,3,6-trichloro-1,4-benzoquinone (TCBQ); 2,5-dibromo-1,4-benzoquinone (2,5DBBQ); and 2,6-dibromo-1,4-benzoquinone (2,6DBBQ).
Impedance-based real-time cell electronic sensing (RT-CES) was used to examine
cytotoxicity. Dye- and label-free RT-CES measures cell proliferation, viability, and
morphology as cell index (CI). Increasing CI indicates cell proliferation, growth,
and/or attachment; decreasing CI indicates cell death, detachment, and/or a cytostatic state. The normal human fibroblast BJ cell line (CRL-2522) was used in the
RT-CES system. Cells were exposed to 5-50 μM of individual HQs and monitored
for 72 h. No change in CI was observed in BJ cells exposed to DCBQ, TCBQ, or
2,6DBBQ; however, decreased CI was observed in BJ cells exposed to 12.5-50 μM
DCMBQ and 50 μM 2,5DBBQ. A bacterial reverse mutation (Ames) test was used

to examine mutagenicity of 3.1-50 μM HQ DBPs +/- rat S9 fraction. Salmonella
typhimurium strains TA98 and TA100 were used to primarily detect frameshift and
substitution mutations, respectively; Escherichia coli WP2 uvrA was used to detect
mutagens acting at AT base pairs. Significant mutations compared to negative control group (Student’s t-test, p<0.05 + two-fold increase from negative control) were
observed in TA100 exposed to ≥12.5 μM 2,6DBBQ and ≥3.1 μM DCMBQ without S9. Addition of S9 resulted in significant mutations compared to negative control group ≥25 μM in all HQs except 2,6DBBQ. Few mutations were observed +/S9 in TA98 or E. coli strains. In summary, 2,5DBBQ and DCMBQ are cytotoxic
to BJ cells under these experimental conditions. Some HQs appear to be mutagenic
in the Ames test, primarily producing substitution mutations; addition of S9 increases mutagenicity of some HQs but decreases mutagenicity of others.

2091

UTILIZATION OF A WHOLE SMOKE EXPOSURE
SYSTEM FOR THE COMPARISON OF MAINSTREAM
CIGARETTE SMOKE, GAS VAPOR PHASE, AND TAR
MUTAGENICITY.

R. Leverette. Lorillard, Greensboro, NC.
This study was conducted to further optimize smoke exposure procedures, measure
the mutagenicity of mainstream cigarette whole smoke (WS) and the contribution
the gas vapor phase (GVP) and wet total particulate matter (WTPM) impart to the
WS activity, as determined by the Salmonella Reverse Mutation (Ames) Assay. WS,
GVP and WTPM were prepared from Kentucky Reference 3R4F cigarettes smoked
under ISO puff profile (35 mL volume, 2 second puff duration and 1 minute puff
interval) on a VITROCELL® VC10 smoking robot. TA98 and TA100, in the presence (S9+) and absence (S9-) of metabolic activation, were exposed to WS or GVP
from three (3) 3R4F cigarettes via the VITROCELL® Dilution / Distribution
System with dilution air flow rates set at 1, 2, 4 and 8 L / minute, allowing the delivery of four doses of WS or GVP to the Ames exposure modules during each exposure. For GVP experiments, a Cambridge filter pad was placed in-line prior to
the puffing syringe in order to remove the smoke particulate fraction, which was
subsequently extracted in dimethylsulfoxide (DMSO) for use in WTPM exposures.
Quantification of several carbonyls verified the delivery of GVP to the bacteria.
WTPM exposures (S9+/S9-) utilized a 30 minute preincubation with DMSO limited to 2.5% v/v final concentration. WS mutagenicity was detected in both strains
(S9+/S9-); however, TA100 S9- WS activity was approximately 30% of TA100 S9+
WS activity while TA98 S9- WS activity was considerably lower at 3% of measured
TA98 S9+ WS activity. No GVP mutagenicity was detected in both strains
(S9+/S9-). Lack of GVP activity was not due to cytotoxicity since no significant decrease in cell viability was observed over the delivered GVP dose range. WTPM activity was detected in both strains (S9+ only) at approximately 67% and 94% of the
WS activities measured in TA100 and TA98, respectively. Under the exposure conditions used in this study, the majority of the WS mutagenic activity was found to
reside in the particulate fraction, with no apparent contribution to WS activity
coming from GVP.

2092

COMET ASSAY IN RAT SKIN—ESTABLISHMENT OF A
RELIABLE AND ROBUST CELL ISOLATION METHOD.

A. Poth1, M. Merker1 and O. Heinemann2. 1Genetic and Atlernative Toxicology,
Harlan Cytotest Cell Research GmbH, Rossdorf, Germany and 2University of Applied
Sciences Darmstadt, Darmstadt, Germany.
The in vivo COMET assay is increasingly being used to evaluate the genotoxic potential of industrial chemicals, agrochemicals, and pharmaceuticals and it provides
more detailed information when a positive test results is obtained in the in vitro
genotoxicity tests. This assay makes it possible to perform genotoxicity testing at
the organ tissue level across a range of organ types. The skin is playing a major role
in the occupational exposure to chemicals and agrochemicals and is regarded as one
of the main target organs. In order to investigate a potential DNA damage to skin,
the COMET assay in rat keratinocytes was established together with a reliable and
robust cell isolation method, avoiding artefacts of DNA damage. For this different
enzyme cocktails for skin digestion were investigated and also different mechanical
techniques were used for isolation of the keratinocytes. For the performance of the
COMET assay, rats were topically treated with 110 and 220 μg/square centimeter
of Methyl Methane Sulfonate and the keratinocytes were isolated with the most adequate isolation method. It turned out that the use of Dispase II digestion and the
use of forceps is most adequate which is resulting in a low level of DNA damage
and a high viability of the cells. In the COMET assay in rats treated topically with
Methyl Methane sultfonate, a reproducible dose-dependent increase in DNA damage, as evidenced by an increase in tail intensity was obtained. The results indicate
that with the described cell isolation method robust and reliable data can be obtained in the COMET assay in rat skin.

2093

RELATIONSHIP BETWEEN GENETIC DAMAGE AND
DERMAL LESION OF ARSENICOSIS PATIENTS
CAUSED BY BURNING COAL.

G. Yang1, A. Zhang1, J. Li1 and X. Huang2. 1School of Public Health, Guiyang
Medical University, Guiyang, China and 244th Hospital of People’s Liberation Army,
Guiyang, China. Sponsor: P. Zhou.
Arsenicosis caused by burning coal has become a public health problem in Guizhou
province, China. Skin carcinoma and hepatoma are the main cancers of it. But till
now, the carcinogenic mechanism is as yet unknown. In view of mutation closely
related to carcainogenicity, we selected 95 cases exposed to arsenic caused by burning coal as research objects. 41 villagers living 13km away were chosen as control
group, sharing a similar lifestyle but not using high arsenic coal. The objects were
divided into groups in accordance with their clinic syptoms(Chinese National
Arsenicosis Diagnosis Criteria,WS/T211-2001) and dermal histo-pathological results. Genetic damage situation of them were determined. And the relationship between genetic damage and dermal lesion were analyzed meanwhile, to discuss arsenicosis carcinogenic mechanism and provide evidences for dynamic monitoring
and prevention. Results 1. Compared to the normal control,chromosome aberration and sister chromotid exchange ratios were significantly higher in exposed
groups. While micro nucleis only significantly increased in carcinoma group. 2.
DNA single strand breaks increased significantly in groups exposed to arsenic.
DNA-protein crosslinks were remarkable higher in hyperkeratosis, pre-carcinoma
and carcinoma group. 3. The genetic damage rates of every index increased coincide
with the development of dermal lesion. An obvious positive correlative relationship
existed between them(with r=0.9955, p<0.01). Conclusions 1. Arsenic exposure
caused by burning coal can result in human body significant genetic damage. 2.
The genetic damage of arsenicosis patients is closely related to dermal lesion. 3. In
the process of arsenicosis dermal carcinoma, genetic damage might play a role.

2094

ERYTHROSINE, A FOOD DYE, SHOWED MUTAGENIC
POTENTIAL IN HEPG2 CELLS BY CYTOKINESISBLOCK MICRONUCLEI CYTOME ASSAY.

F. D. Chequer1, V. P. Venâncio1, M. B. Zanoni2, D. P. Oliveira1, M. P. Bianchi1
and L. G. Antunes1. 1Análises Clínicas, Toxicológicas e Bromatológicas, Faculdade de
Ciências Farmacêuticas de Ribeirão Preto—Universidade de São Paulo, Ribeirão
Preto, São Paulo, Brazil and 2Química Analítica, Universidade Paulista Júlio de
Mesquita Filho—UNESP, Araraquara, São Paulo, Brazil.
Introduction: Erythrosine is a colorant widely used on foods, drugs and cosmetics.
This study aimed at determining the frequency of binucleated cells with micronuclei (MNs), nucleoplasmic bridges (NPBs) or nuclear buds (NBUDs), which provides a measure of genome damage and/or chromosomal instability. Methods:
Mutagenicity and damage DNA were evaluated using the cytokinesis-block micronucleus cytome assay (CBMN-cyt). HepG2 cells, a human-derived hepatoma
cell line that have retained the activities of several phase I and phase II drug metabolizing enzymes, were treated with different concentrations of erythrosine dye (25,
50, 100, 300 and 500 μg/mL) for 24 h. To obtain binucleated cells, cytochalasin-B
was added to the culture after exposure to the dye. The incubation time of the
HepG2 cultures was 68 h at 37 °C. At the end of the culture period the cells were
fixed. Positive (0.05 μM doxorubicin) and negative (1% w/w dimethyl sulfoxide)
controls were included. In addition, nuclear division index (NDI) was calculated.
Results: CBMN-cyt was used as an endpoint for in vitro DNA damage and showed
mutagenic effect at all five erythrosine concentrations evaluated in HepG2 cells.
On the other hand, the concentration at 100 μg/mL showed the highest number of
MNs and the lowest NDI, indicating reduction in cell proliferation. Furthermore,
NPBs and NBUDs scored were similar to negative control. Conclusions:
Considering that erythrosine is an approved food dye and even the lowest concentration induces the MNs formation in HepG2 cells, its intake can be considered a
human health risk. Therefore, this colorant should be better evaluated and used
carefully. This study was supported by FAPESP.
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SYSTEMATIC EVALUATION OF EXPERIMENTAL
VARIABILITY IN THE COMET ASSAY IN VIVO.

M. Guérard, A. Zeller, E. Gocke and T. Singer. pRED, Pharma Research & Early
Development, Hoffmann La Roche AG, Basel, Switzerland.
Over the last years the comet assay in vivo has increasingly been used for regulatory
genotoxicity testing, for the evaluation of DNA damage in a number of organs of
rats and mice. In the pharmaceutical industry the assay is mainly carried out to follow-up on (1)in vitro positive genotoxicity results, primarily in liver, (2) unexpected
proliferative findings in chronic toxicity studies, to elucidate the contribution of
organ-specific genotoxicity or (3) local genotoxicity, mainly in the GI tract.
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Recommendations for conducting the in vivo comet assay have been published by
expert panels and currently an international validation study coordinated by the
JaCVAM is ongoing. It is hoped that these activities will result in a standardized
protocol which is a key element to limit the known experimental variability of the
comet assay. It has been demonstrated that several technical parameters, such as
electrophoresis and scoring, have an impact on the assay variability. In contrast, little is known regarding the influence of the initial steps, i.e. from tissue sampling to
slide preparation, on assay variability. Here we present a systematic evaluation of
the experimental variability brought by different key steps of organ sampling, tissue
storage and slide preparation. We closely examined the influence of (1) the time between euthanasia of the animal and tissue sampling; (2) the size of the sampled tissue; (3) the composition, temperature and volume of the sampling buffer; and (4)
the time of the tissue or single cell suspension in the sampling buffer etc. These data
will help to further clarify and define a common standardized protocol for the
Comet assay in vivo.

2096

EVALUATION OF THE NUCLEOTIDE ANALOGS, 5FLUROURACIL AND CYTOSINE ARABINOSIDE IN THE
IN VITRO MICRONUCLEUS ASSAY: COMPARISON OF
FLOW CYTOMETRY AND SLIDE ANALYSIS.

C. S. Farabaugh, M. M. Wells, M. L. Moy and M. J. Schlosser. WIL Research
Company, Skokie, IL.
With the adoption of OECD Guideline 487, the in vitro micronucleus (MNvit)
assay has become a prevalent genetic toxicology test. This laboratory has conducted
the MNvit assay with TK6 cells comparing flow cytometric methods and slide
analysis using various measures of cytotoxicity. Compounds used were cytosine arabinoside (CA), 5-fluorouracil (5-FU) and, as a positive control, mitomycin C
(MMC). Cultures were incubated for 24 hours and either harvested (24-0) or allowed to recover for 24 hours prior to harvest (24-24). Cytotoxicity was determined
via calculations of relative population doubling (RPD), relative cell count (RCC),
and relative increase in cell count (RICC) using a Coulter Counter; and relative
survival (RS) using a flow cytometer. A cytotoxicity target of ~55% relative to the
vehicle control was used. Appropriate cytotoxicity was observed at 0.02 μg/mL
(RICC), 0.03 μg/mL (RCC and RS), and 0.05 μg/mL (RPD) with CA, at 0.3
μg/mL (RS), 0.5 μg/mL (RCC and RICC), and 0.9 μg/mL (RPD) with 5-FU, and
at 0.01 μg/mL (RS), 0.02 μg/mL (RCC and RICC), and 0.03 μg/mL (RPD) with
MMC. Statistically significant responses in micronuclei (p <0.05) were observed
with CA using both flow cytometry and slide analysis (>3-fold increases) and
MMC (>5-fold increases) at ~55% cytotoxicity using all measures of cytotoxicity,
and with 5-FU with flow cytometry (>7-fold increases) using RPD, RCC, and
RICC as measures of cytotoxicity. Negative results were observed with 5-FU flow
cytometric data (<2-fold increase) using RS as a measure of cytotoxicity and in slide
analysis (<2-fold increases) using all measures of cytotoxicity. These data indicate
that for CA flow cytometry analysis is comparable to slide analysis, but for 5-FU
flow cytometry appears more sensitive with respect to cytotoxicity measurements
versus Coulter Counter analysis and to micronucleus evaluation versus slide analysis.

2097

THE DYE REACTIVE BLACK 5 INDUCES DNA
DAMAGE IN HEPG2 CELLS.

D. J. Dorta2, G. A. Oliveira1, E. S. Paula1, E. A. Ferraz1 and D. P. Oliveira1.
1Departamento de Análises Clínicas, Toxicológicas e Bromatolóicas, Universidade de
São Paulo—FCFRP/USP, Ribeirão Preto, São Paulo, Brazil and 2Departamento de
Química, Universidade de São Paulo—FFCLRP/USP, Ribeirão Preto, São Paulo,
Brazil.
Introduction: The fabrics dyeing began thousands of years ago and the commercial
availability of dyes is enormous. In Brazil textiles production is a major economic
activity. Unlimited and uncontrolled use of such dyes can lead to serious consequences in terms of human health and ecological balance. Therefore, the cytotoxicity, genotoxicity and mutagenicity testing of textile dyes is a crucial tool for accurately predicting health risks for consumers exposed to dyes and impact of them to
the environment. The dye Reactive Black 5 (RB5), widely used during the fibers
dyeing process, has the group sulfatoethilsulfone as reactive and the group azo as
cromophore. Objective: Evaluate the hepatotoxicity, genotoxicity and mutagenicity
of the RB5 dye. Methodology: Cultures of the HepG2 cells were exposed to RB5
dye at concentrations ranging from 0.1 to 50.0 μg/mL. Cytotoxicity was evaluated
after 24, 48 and 72 hours using MTT assay. Comet and cytokinesis-block micronucleus tests were carried out according to Tice et al. (2000) and Natarajan and
Darroudi (1991), respectively, with slight modifications. Results: No citotoxic effect was observed after the exposure of HepG2 cells to RB5 dye. However, the dye
studied induced DNA damage and the formation of micronucleus in HepG2 cells
in a dose-dependent manner. Discussion: Both comet and micronucleus assays de-
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tected chromosomal damage leading the formation of micronuclei in binucleated
HepG2 cells. Conclusion: Based on our data, we can say that the RB5 dye is a mutagenic substance and that these bioassays can thus be used as an initial screening
test to analyze various dyes and dye containing effluents avoiding damages on humans and to the aquatic environment.
Financial Support: FAPESP and CAPES

2098

DEVELOPMENT OF A NOVEL GLP 3D EPIDERM™
RECONSTRUCTED HUMAN SKIN MICRONUCLEUS
ASSAY.

S. Roy, A. Szkudlinska, K. Wang, J. Shi, S. Hickman, W. Madraymootoo and
M. Aardema. BioReliance, Rockville, MD.
The 3D reconstructed human skin micronucleus assay (RSMN) in EpiDerm™ is a
promising new in vitro assay for the assessment of genotoxicity. Analysis of micronuclei in a 3D primary skin model offers a more biologically relevant in vitro approach to assess genotoxicity of many types of dermal exposures including drugs,
chemicals and cosmetics, compared to standard in vitro genotoxicity assays..
EpiDerm™ provides a functional stratum corneum that takes into account permeability, appears to have normal dermal metabolic capability, normal DNA repair
and cell-cycle control. The RSMN assay provides a new animal alternative for following up chemicals that are positive in current in vitro genotoxicity assays and is
especially useful for cosmetics that can no longer be tested in in vivo assays according to the 7th Amendment to the EU Cosmetics Directive. To meet the increasing
interest in this assay, we have developed a GLP RSMN assay. Results for model
chemicals including mitomycin C and vinblastine sulphate show dose-dependent
increases of MN and demonstrated good reproducibility and comparability to previously published results. Studies are ongoing with genotoxins and nongenotoxins
with various modes of action. Results to date demonstrate the transferability of this
novel assay into a robust GLP setting.

2099

EVALUATION OF THE MUTAGENICITY OF REACTIVE
DYES.

G. Meireles and D. P. Oliveira. University of São Paulo, Ribeirão Preto, Brazil.
Introduction: In Brazil, textile industry is considered as one of the main economic
activities in the country. This fact is relevant, since textile dyes are discharged into
the aquatic ecosystem via industrial effluents and potentially expose humans and
biota to adverse effects. The class of reactive dyes includes colored compounds
highly water soluble, little absorbed by biomass and not degraded by conventional
methods used in wastewater treatment plants. The dye Reactive Blue 4 (RB4) is
widely used in the textile industry and it has the group dichlorotriazine as reactive
and the group anthraquinone as cromophore. The dye Reactive Blue 15 (RB15) is
also an important textile commercial dye based on copper-phthalocyanine as chromophore and a monochlorotriazine group as reactive site. Objective: Evaluate the
mutagenicity of the dyes RB4 and RB15 using the Salmonella mutagenicity with
the strains TA98, TA100 and YG1041. Methodology: Salmonella mutagenicity
assay was carried out according to Maron and Ames (1983), with or without S9
metabolic activation. Different concentrations of the dyes ranging from 0.25 to
5000 μg/plate were examined. Results: RB4 dye showed positive mutagenic response for TA100 and YG1041 strains in presence of S9 (1.44 and 1.56 revertants/μg, respectively), as well as for YG1041 without S9 (0.15 revertants/μg).
RB15 dye showed no mutagenic activity under the conditions tested. Discussion:
RB4 dye induces damages to DNA by both base-pair substitution and frame-shift
mutations. Possibly products generated after metabolic activation have been given a
higher interaction with DNA. Conclusion: These results can provide relevant information for the textile sector, contributing to the production of dyes safer, protecting the environment and human health.

2100

CYTOTOXIC AND GENOTOXIC PROPERTIES OF THE
MIXED HERBAL TEAS.

G. Özhan, A. Candas and B. Alpertunga. Department of Pharmaceutical
Toxicology, Istanbul University, Faculty of Pharmacy, Istanbul, Turkey.
The quality of herbal teas is influenced by many toxic contaminants originating
from industries, agriculture and private households including mutagenic and carcinogenic effects. Therefore, the increased consumption of herbal teas is a crucial
problem in Turkey as well as in other countries and makes necessary determining
the possible carcinogenic and mutagenic ingredients or contaminants of them.
Generally, identification of all compounds present in herbal teas is a difficult task.
Moreover, chemical analysis does not evaluate the cyto- or genotoxic effects of

chemicals nor their possible additive, synergistic or antagonistic interactions in
complex samples. The toxicity of mixture could be different from the sum of the effects of the components. Therefore, the present study investigated the cyto and
genotoxic activities of 6 mixed herbal teas. Herbal teas were collected from points
around Istanbul, Turkey. Water, methanol and chloroform extracts of all the herbal
preparations were assayed by LDH (lactate dehydrogenase activity for cell membrane integrity) and XTT test (mitochondrial succinate dehydrogenase activity) for
cytotoxic activities, Ames (bacterial reverse mutation assay by Salmonella typhimurium TA98 and TA100) and umu-test (short-term bacterial assay by
Salmonella typhimurium TA1535/pSK1002 strain) for genotoxic activities. In
some extracts, it was found genotoxic and cytotoxic effects. It is believed the results
to be obtained from the study is useful to determine their toxicological effects and
to take precautions about consumption of herbal teas in our country.

2101

MICRONUCLEI INDUCTION BY ETHYL-4BROMOPHENYL-CARBAMATE AND ETHYL-4CLOROPHENYL-CARBAMATE AFTER ACUTE AND
SUBCHRONIC RAT EXPOSURE USING PERIPHERAL
BLOOD ERYTHROCYTES.

M. Prado Ochoa1, P. Ramírez Noguera2, R. Díaz Torres4, E. Ángeles Anguiano3,
M. Muñoz Guzmán2 and F. Alba Hurtado2. 1Posgrado en Ciencias de la Producción
y de la Salud Animal, UNAM FES-Cuautitlán, Cuautitlán Izcallí, Estado de México,
Mexico, 2Departamento de Ciencias Biológicas, UNAM FES-Cuautitlán, Cuautitlán
Izcallí, Estado de México, Mexico, 3Departamento de Ciencias Químicas, UNAM
FES-Cuautitlán, Cuautitlán Izcallí, Estado de México, Mexico and 4Departamento de
Ingeniería y Tecnología, UNAM FES-Cuautitlán, Cuautitlán Izcallí, Estado de
México, Mexico.
Ethyl-4-bromophenyl-carbamate (LQM 919) and ethyl-4-clorophenyl-carbamate
(LQM 996) are newly synthesized chemicals with acaricidal properties. Previous
data about toxicological capacity are unknown.
Genotoxicity capacity was assessed using peripheral blood smears from treated rats.
Micronucleus technique as genotoxicity testing was conducted at acute and subchronic exposure. For acute exposure, oral single doses from 50 and 300 mg/kg for
both LQM 919 and LQM 996 were used and for subchronic exposure male and female Wistar rats were treated with 12.5, 25 and 50 mg/kg during 90 days for both
compounds. The micronuclei frecuency data was analyzed using normochromatic
erythrocytes (MN-NCE) and polychromatic erythrocytes (MN-PCE). In order to
determine cytotoxicity, the ratio of polychromatic erythrocytes to normochromatic
erythrocytes was calculated.
In the acute exposure, LQM 919 and LQM 996 induced a significant increase
(p<0.05) in the frequency of MN-PCE in rats treated with both doses 50 and 300
mg/kg. After subchronic exposure both compounds induced a significant increase
(p<0.05) in the frequency of MN-PCE and MN-NCE in the rats exposed in all the
range of doses. Both, LQM919 and LQM996 had not cytotoxic capacity at least in
this testing.
This study shows that both carbamates derivatives significantly increased the frequency of micronucleus in polychromatic erythrocytes showing genotoxic capacity.
Funded project PAPIIT IN223311

2102

FINE PARTICLE EMISSION FROM TOBACCO SMOKE
IN ENCLOSED ENVIRONMENTS.

J. B. Schulze1, 2, D. Mueller2, S. Uibel2, S. Beissmann2 and D. Groneberg2.
1Office of the Dean, Johann Wolfgang Goethe University Frankfurt, Frankfurt Main,
Germany and 2Institute of Occupational, Social and Encironmental Medicine, Goethe
University, Frankfurt/Main, Germany.
Fine particle are effective vehicles to transport toxicants into the lung; depending
on the size particles may reach the bronchiolar or alveolar space. In recent years particulate matter (PM) has been correlated with both pulmonary and cardiovascular
diseases. Smoking machines used to generate main and side stream tobacco smoke
have been designed for animal experiments; although they mimick smoking cycles
their geometry bears little similarity to human environments (e.g. car, office). In
order to better characterize PM emission and distribution from cigarette smoke
(3R4F Kentucky standard cigarette) we have developed an ETS emitter to simulate
human smoking emission and measured fine particle concentration in a telephone
booth (1,75 m3 volume) as a substitute for similar spaced environments like cars, in
order to imitate realistic situations. Fine particulate matter was measured using an
aerosol spectrometer with 6 sec time resolution; laser scatter allowed the resolution
from 0,25 μm to 32 μm to determine PM10, PM2.5 and PM1. Cumulative fine
particulate matter was calculated as AUC values (μg/m3/sec)), maximum exposure
as cmax values in μg/m3. Cigarette smoking produced particulate AUC values of
60 000 +/- 15 000 μg/m3/sec PM10 with maximum concentrations of ~ 1000
μg/m3. When opening the door air circulation reduced the AUC for PM10 by

90%, whereas maximum concentrations were reduced by 80%. For PM2.5 and
closed door conditions, comparable AUC values (59 000 +/- 15 000 μg/m3/s) and
cmax values were obtained (1035 +/- 230 μg/m3). Again, air circulation by opening the door reduced the AUC by 90%, and the cmax to 185 +/- 130 μg/m3. This
method mimicked human smoking behaviour in confined spaces like cars and confirmed high fine and ultrafine particle concentrations and cumulative particle load
in small compartments. This method may be adapted to measurements in other
microenvironments which are polluted but are not amenable to direct measurements.

2103

EFFECT OF COMMERCIALLY USED AIR FILTERS ON
ENVIRONMENTAL TOBACCO SMOKE
CONSTITUENTS AND CYTOKINE-MEDIATED
INFLAMMATORY RESPONSE.

T. Muthumalage3, K. Pritsos1, K. Hunter2 and C. Pritsos1, 3. 1Agriculture,
Nutrition, and Veterinary Sciences, University of Nevada, Reno, NV, 2Microbiology
and Immunology, University of Nevada, Reno, NV and 3Environmental Sciences
Program, University of Nevada, Reno, NV.
Lung inflammation, chronic obstructive pulmonary disease and asthma are linked
to ETS and these can be exacerbated as a result of lung infections. The claim that
air filtration systems eliminate the risk from ETS exposure has no scientific basis. In
this study air filters commonly used in commercial buildings, MERV 4 (fiberglass),
MERV 8 (charcoal) and MERV 8 (pleated), were tested for filtration efficiency of
ETS constituents and ETS induced cytokine-mediated inflammatory response
using a murine model. ETS was generated and passed through MERV 4,6 & 8 air
filters. Total suspended particulate (TSP) levels and carbon monoxide (CO) levels
were measured with and without filtration through these filters and C57BL/6 mice
were exposed with and without the air filters. Bronchoalveolar lavage fluid (BALF)
was extracted and the alveolar macrophages (AM) were cultured and stimulated
with lipopolysachcharide (LPS). Levels of TNF-a, IL-1b, IL-6 and GM-CSF secreted by the LPS stimulated and unstimulated AM’s of control, unfiltered exposed
and filtered smoke exposed mice were determined. TSP’s were reduced less than
45% and CO was reduced less than 5% by the MERV 8 filters. TNF-a levels were
significantly attenuated in the unfiltered, MERV 4 and MERV 8 exposed groups,
while MERV 8 (charcoal) caused attenuation close to significance. Attenuation of
IL-1b was observed in unfiltered and MERV 8 filtered ETS exposed mice. Both IL6 and GM-CSF cytokines were attenuated by MERV 8 (charcoal) filtered ETS.
Based on our results air filters do not eliminate ETS constituents or recover the attenuation of the cytokine response. This study was supported by a grant from the
Flight Attendant Medical Research Institute and by the Nevada Agricultural
Experiment Station.

2104

EFFECT OF COMMERCIALLY USED AIR FILTERS ON
ENVIRONMENTAL TOBACCO SMOKE
CONSTITUENTS AND OXIDATIVE STRESS.

T. Muthumalage2, K. Pritsos1 and C. Pritsos1, 2. 1Agriculture, Nutrition and
Veterinary Sciences, University of Nevada, Reno, NV and 2Environmental Sciences
Program, University of Nevada, Reno, NV.
Environmental tobacco smoke (ETS) contains an estimated 1016 radicals per cigarette. Reactive oxygen species formed as a result of exposure to ETS can oxidize cell
membrane phospholipids causing lipid peroxidation that can further damage the
cells and tissues. Products of lipid peroxidiation include malondialdehyde (MDA)
and 4-hydroxyalkenals (HAE). Glutathione (GSH) is an important antioxidant in
maintaining the cellular redox status. In this study, the claim that ventilation systems eliminate the risk of exposure to ETS is investigated. Air filters commonly
used in commercial buildings, MERV 4(fiberglass), MERV 8 (charcoal) and MERV
8 (pleated), were tested for filtration efficiency of ETS constituents and ETS induced oxidative response using a murine model. ETS was generated and passed
through MERV 4,6 & 8 air filters. Total suspended particulate (TSP) and carbon
monoxide (CO) levels were measured with and without filtration through these filters and C57BL/6 mice were exposed with and without the air filters. MERV 8 filters reduced TSP levels by less than 45%. CO levels were not reduced by MERV 4
and less than 5% by the MERV-8 filters. Control, unfiltered ETS exposed and filtered ETS exposed lung homogenates were assayed for total glutathione levels and
MDA+HAE. Unfiltered exposure led to highly significant elevated levels of GSH
and MDA+HAE compared to the unexposed levels. Filtered ETS still led to elevated GSH and MDA+HAE compared to the unexposed levels. These results suggest that constituents of ETS or the oxidative damage caused by exposure to ETS
smoke was not completely eliminated by using the air filters. This study was supported by a grant from the Flight Attendant Medical Research Institute and by the
Nevada Agricultural Experiment Station.
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2105

COMPARISON OF MOUSE STRAINS AND EXPOSURE
CONDITIONS IN 2-WEEK CIGARETTE SMOKE
INHALATION STUDIES.

H. Tsuji1, H. Fujimoto1, T. Nishino1, M. K. Lee2, R. Renne3 and H.
Yoshimura1. 1Product & Science Division, Japan Tobacco, Tokyo, Japan, 2Scientific
Regulatory Affairs, JTI S.A, Geneva, Switzerland and 3Roger Renne ToxPath
Consulting, Sumner, WA.
Cigarette smoke inhalation studies in mice have been conducted under various exposure regimens using different strains as animal models of smoke-related diseases.
We exposed cigarette smoke to two strains of mice [C57BL/6J (C57) and AKR/J
(AKR)] under two different exposure regimens (1 or 4hr /day) at equivalent daily
exposure amounts (concentration x time). After 2 weeks exposure, mice were evaluated for exposure markers and biological responses. Smoke exposure suppressed respiratory functions dependent on exposure concentration. The 1 hr regimen groups
generally showed a greater degree of respiratory suppression and relatively lower exposure markers of urinary nicotine metabolites than the corresponding 4-hr regimen groups. Tidal volume was more suppressed in AKR compared to C57, while
respiratory rate was more suppressed in C57. Changes in those parameters suggested that C57 inhaled relatively more volume of smoke than AKR. Changes in
bronchoalveolar lavage fluid (BALF) cytology and enzyme parameters were most
noticeable in the 1 hr AKR groups. For BALF cytokines, TARC concentration in
C57 was higher than AKR, while KC and MCP-1 in C57 were lower than AKR.
Relative lung/body weight ratio in smoke-exposed C57 was generally higher, as well
as the incidence and severity of lesions in respiratory organs compared to AKR. In
summary, C57 appeared to inhale relatively more smoke and displayed greater inflammatory changes in respiratory tract than AKR. Comparison of exposure regimens suggests that longer exposure durations at lower WTPM concentration will
deliver a larger dose of smoke than shorter exposure durations at higher WTPM
concentration.

2106

AN ANALYSIS OF HISTORICAL EXPOSURES OF
PRESSMEN TO AIRBORNE BENZENE (1930s TO 2006).

R. M. Novick, J. J. Keenan and D. J. Paustenbach. ChemRisk, LLC, San Francisco,
CA.
Benzene is an aromatic hydrocarbon and human carcinogen that was extensively
used in the printing industry from the 1930s to the 1970s. Benzene is volatile and
an effective solvent which explains its use in the easily vaporized low viscosity inks,
ink solvents, and cleaning agents in the printing industry. Frequent benzene use
and limited engineering controls were common. This analysis represents the first
known attempt to gather and synthesize the available data on historical airborne
benzene concentrations in printing facilities and exposures to pressmen, as well as,
review the historical benzene content in printing inks, solvents, and cleaning
agents. Nineteen studies were identified which reported airborne benzene concentrations in printing facilities between 1938 and 2006. The average concentration,
considering both personal and area samples (usually of short duration), was often as
high as 200 ppm in the 1930s through the 1950s, about 3 to 35 ppm in the 1960s,
in the range of 1.3 to 16 ppm in the 1970s, in the vicinity of 0.013 to 1 in the
1980s, and around 0.005 ppm in the 1990s and 2000s (if it was still present as a
contaminant of another solvent). A steady decrease in airborne benzene concentrations over time is apparent as well as a sharp decrease between the 1970s and 1980s.
The decrease in benzene air concentrations is linked to the decreased benzene content of printing inks, solvents and cleaning agents by the late 1970s and more stringent occupational exposure limits. In the 1930s and 1940s, pure benzene and solvents with up to 80% benzene could have been used; whereas by the late 1970s,
most inks, solvents, and cleaning agents contained less than 0.1% benzene. The information presented here is useful for understanding, estimating or reconstructing
historical exposures to benzene during work as commercial pressman.

2107

EVALUATION OF POTENTIAL EXPOSURE TO METALS
IN LAUNDERED SHOP TOWELS.

L. A. Beyer, G. I. Greenberg and B. D. Beck. Gradient, Cambridge, MA.
In an analysis conducted in 2003, we documented that – even after being washed –
laundered shop towels (LSTs) contained metals and oil/grease, and estimated exposures could exceed regulatory guidelines. New data from LSTs used by workers in
the US and Canada document the continued presence of metals and oil/grease. In
addition, metals were detected more frequently and at higher concentrations than
in 2003. Mean oil/grease concentrations were also higher in 2010. We estimated
exposure by quantifying the transfer of metals from towels to hands, then from the
hands to the lips/mouth. In addition, we quantified direct transfer from the towel
to the lips/mouth. We assessed potential exposure to metals based on metal loading

454

SOT 2012 ANNUAL MEETING

on the towels and estimates of transfer for towel-to-hand, hand-to-mouth, and
towel-to-lip. We estimated exposure to metals on the LSTs assuming either typical
or high-end use of towels, represented by the mean (12 towels) and the 95% upper
confidence limit on the mean (UCLM) (26 towels), respectively, as estimates of
daily use per employee. We compared intake estimates to agency criteria and doses
estimated at maximum contaminant levels (MCLs). For typical use of 12 towels a
day, exceedances of Proposition 65 limits and toxicity criteria of the US
Environmental Protection Agency (EPA) and the Agency for Toxic Substances and
Disease Registry (ATSDR) may occur for seven metals. Assuming maximum intake
concentrations, calculated intakes were up to 3,600-fold higher than their respective toxicity criterion. Intake of nine metals may also exceed that associated with the
MCL. If the number of towels increases to 26 a day, additional exceedances of US
EPA and ATSDR toxicity criteria may occur. Intakes were up to 7,700-fold higher
(lead) than their respective criterion. Also, intake for 10 metals could be greater
than that associated with the MCL. A sensitivity analysis indicated that alternate
plausible assumptions could increase or decrease the magnitude of exceedances but
was unlikely to eliminate certain exceedances, particularly for lead.

2108

RISK ASSESSMENT OF PHTHALATES FROM INTAKE
OF COW’S MILK AND INFANT FORMULA.

S. K. Lim and B. M. Lee. College of Pharmacy, Sungkyunkwan University, Suwon,
Gyeonggi-fo, Republic of Korea.
Risk assessment of phthalates (DEHP, DBP) was carried out from Cow’s milk and
infant formula. Cow’s milk (n=26) and infant formulas (n=12) were analyzed for
Di(2-ethylhexyl) phthalate (DEHP), dibutyl phthalate (DBP), mono ethylhexyl
phthalate (MEHP), mono butyl phthalate (MBP) and phthalic acid (PA). Samples
were extracted by Solid-phase extraction (SPE) cartridge and analyzed by Liquid
Chromatography-tandem mass spectroscopy (LC-MS/MS). Daily exposure levels
were estimated by contaminated concentrations of phthalates in Cow’s milk or infant formula and daily intakes. DEHP and DBP were detected in all of products,
but only few products contained MEHP, MBP and PA. Geometric mean values
(ng/ml) of phthalates were 9.64 (DEHP), 4.93 (DBP), 0.64 (MEHP), 0.16 (MBP)
and 0.34 (PA) in milk. Also, 13.42 (DEHP), 5.68 (DBP), 6.64 (MEHP), 0.17
(MBP) and 1.01 (PA) ng/ml were detected in infant formulas respectively. Daily exposure levels (contaminated levels of phthalates x daily intakes of cow’s milk or infant formulae) of DEHP and DBP were 5.9x10-4 and 1.1x10-3 μg/kg/day estimated for cow’s milk as well as 6.8x10-4 and 1.61x10-4 μg/kg/day estimated for
infant formula. The daily exposure levels of DEHP or DBP were lower than TDI
(50 μg/kg/day) of phthalates and hazard index (HI) values were also far lower than
1. (Acknowledgement: This research was support by a grant from Korea Food &
Drug Administration in 2010)

2109

REVISITING THE IMPACT OF BIOLOGICAL AND
EXPERIMENTAL CONDITIONS OF LABORATORY
ANIMAL STUDIES ON ESTIMATIONS OF RISK OF
NEUROTOXICITY BY EXPOSURE TO PESTICIDES IN
HUMANS: THE PYRETHROID CASE.

M. J. Wolansky1, K. M. Crofton2, D. M. Romero3 and R. Tornero-Velez4.
1Biological Chemistry (Toxicology), ARG NRC/University of Buenos Aires, Buenos
Aires, Argentina, 2ORD, US EPA, Durham, NC, 3Biological Chemistry, University
of Buenos Aires School of Science, ARG NRC, Buenos Aires, Argentina and 4NERL,
US EPA, Durham, NC.
Pyrethroids are potent insecticides that alter nervous system function in target and
nontarget species by disrupting neuronal excitability. While the accumulated evidence consistently shows that this neurophysiologic action is followed by alterations in motor, sensorimotor, neuromuscular and thermoregulatory responses,
there are some equivocal results regarding the potency of pyrethroids in small rodents. According to current guidelines, the estimation of absolute and relative potencies is a critical step in chemical risk assessment. In order to identify the variables
influencing neurobehavioral findings across pyrethroid studies, we have reviewed
the evidence on experimental and organismic determinants of pyrethroid neurotoxicity in small rodents. A comprehensive analysis of these studies was conducted focusing on test material and dosing conditions, testing conditions, animal model,
and other determinants such as testing room temperature. Variations in the severity
of the neurotoxicity under laboratory-controlled conditions was found to be mostly
explained by the influence of biological factors such as species and age, test material
features such as chemical structure, stereochemistry and vehicle, and dosing conditions such as route of exposure and dose-volume. Theoretically, interplay between
all effective factors might result in up to ~1,000-fold (o higher) variation in potency
estimates. This critical analysis of the pyrethroid case examines the scope of toxicological data required to assure the safety of pesticide products, and the factors and

covariates which must be controlled for in order to ensure that predictive power
and precaution are balanced in a risk assessment process within a reasonable time
frame.

2110

OUTDOOR AIR RISKS FROM SUBSURFACE
CONTAMINATION BY VOLATILE CHEMICALS.

K. W. DiBiasio and C. Y. Jeng. Department of Toxic Substances Control, California
Environmental Protection Agency, Sacramento, CA.
Exposure to contaminants in outdoor air, resulting from migration of volatile
chemicals from soil matrix, soil gas or groundwater, can present a significant
human health risk. Vapor intrusion into indoor air usually results in greater exposure and risks than migration into outdoor air. This is because wind disperses contaminants into a large volume of outdoor air, plus advective forces of HVAC systems create negative pressure and draw subsurface air into buildings. At
contaminated sites with no existing or potential future buildings, exposure to
volatile chemicals in outdoor air should be considered. In the absence of existing
State or Federal guidance for estimating outdoor air inhalation risks using soil gas
data, we present methodology for a screening-level health risk assessment. The effective diffusion through the unsaturated vadose zone is assumed to be the sole
mode of emission. Dispersion is based on Q/C values derived from the Industrial
Source Complex model. Standard risk assessment methods are used to estimate inhalation exposure and associated risks. Sensitivity analyses were performed, comparing DTSC default soil assumptions to sand, source areas of 0.5 acres and 30
acres, and dispersion models (Q/C versus box model). Soil gas to outdoor air attenuation factors ranged from 10-5 to 10-6 for tetrachloroethylene, trichloroethylene,
and benzene. Case studies demonstrate that potential outdoor air exposures may
drive the risk assessment when buildings with indoor air exposures do not exist or
are prohibited. If screening-level risks exceed acceptable levels, collecting outdoor
air samples and/or conducting site-specific refined estimates of outdoor air concentrations and inhalation risks is recommended.

2111

COMPARISON OF HUMAN EXPOSURE PATHWAYS
FOR CONTAMINATED SOIL IN AN ARCTIC URBAN
BROWNFIELD.

K. James1, 2, R. E. Farrell2 and S. D. Siciliano2, 3. 1Interdisciplinary Graduate
Program of Toxicology, University of Saskatchewan, Saskatoon, SK, Canada,
2Department of Soil Science, University of Saskatchewan, Saskatoon, SK, Canada and
3Toxicology Group, University of Saskatchewan, Saskatoon, SK, Canada. Sponsor: L.
Weber.
Risk assessments of contaminated soil often overlook the risk associated with soil
inhalation as soil ingestion is typically the dominant exposure pathway. Iqaluit,
Nunavut is one of many sites in northern Canada with a history of soil contamination and conditions in northern or rural centres favour the re-suspension of soil
particles, making soil inhalation a relevant risk pathway. Here we determine and
compare human exposure to metals and polycyclic aromatic hydrocarbons from soil
ingestion and inhalation and analyze the carcinogenic and non-carcinogenic risk
before and after roads were paved in Iqaluit. To determine the inhalation exposure,
three size fractions of airborne particulate matter were collected (TSP, PM10 and
PM2.5) before and after roads were paved. Paving roads reduced the concentration
of many airborne contaminants by 25-75%, thus reducing risk. For example, before paving the carcinogenic risk associated with the inhalation of chromium was
3.4 in 100,000 whereas after paving this risk was reduced to 1.6 in 100,000. Paving
roads reduced the concentrations of TSP (p < 0.1) and PM10 (p < 0.05) but not
PM2.5. We conclude that re-suspended soil is likely an important source of risk for
many northern communities and that paving roads is an effective method of reducing risk from the inhalation of soil particles.

2112

EXPOSURE AND TOXICITY OF CHEMICALS
RESULTING FROM NATURAL GAS EXTRACTION AND
HYDRAULIC FRACTURING.

D. A. Kaden1, A. B. Santamaria2, A. Harris6, J. Imse4, M. Travers5 and R.
Schoof3. 1ENVIRON, Boston, MA, 2ENVIRON, Houston, TX, 3ENVIRON,
Seattle, OR, 4ENVIRON, Denver, CO, 5ENVIRON, Chicago, IL and 6ENVIRON,
Little Rock, AR.
The number of sites extracting natural gas from shale formations has greatly increased following improved technologies allowing horizontal drilling within the
shale. Hydraulic fracturing (hydrofracking)uses a combination of water, sand, and
chemicals injected into the ground under high pressure to release natural gas or oil.

Along with economic benefits, hydraulic fracturing has led to public concerns over
potential human health impacts. A recent DOE study (2011) has identified 4
major areas of concern: possible water contamination; air pollution; community
disruption during production; and cumulative adverse impacts on communities
and ecosystems from intensive shale production. However, much of the perceived
concern is not based on measurements of chemicals at and surrounding operations.
This study examines the first two of the DOE concerns, water contamination and
air pollution, by surveying studies that report measured concentrations of potential
pollutants associated with hydraulic fracturing in the ambient environment. The
most abundant chemicals measured on- and off-site include many VOC (methane,
ethane, propane, n-butane, isobutane, isopentane, and n-pentane), with lower
amounts of aromatic hydrocarbons (benzene, toluene, and xylenes) and other
chemicals. Data from state monitoring sites, as well as independent research studies
are compiled and analyzed to give an overall picture of potential exposure patterns
resulting from hydraulic fracturing operations. The evaluation of off-site measurements allows us to better understand the temporal and spatial patterns of these
chemicals in the ambient environment. Such information is necessary to be able to
evaluate the potential impact of the drilling process on air and water burden in the
surrounding communities. The evolving Federal and State regulatory climate regarding hydrofracking is reviewed to evaluate how different regions are approaching
the regulation of this expanding industry.

2113

FORMALDEHYDE EXPOSURE ASSOCIATED WITH USE
OF PROFESSIONAL KERATIN HAIR-SMOOTHING
PRODUCTS.

S. Hong1, R. Kalmes2, M. Posson2, R. Richter1 and M. Fedoruk1. 1Exponent,
Inc, Irvine, CA and 2Exponent, Inc, Oakland, CA.
Formaldehyde (CH2O) is a ubiquitous air contaminant. Numerous indoor sources
include glues, paper, coatings, particle board and household products.
Occupational exposures occur in many industries including health care, pharmaceutical, paint and coating production. Recently, occupational exposure to CH2O
via keratin hair-smoothing treatment has become a health concern. Keratin hairsmoothing products contain methylene glycol (MG) which exists in dynamic equilibrium with CH2O gas that can be released during treatment. The purpose of this
study was to quantify potential occupational CH2O exposures in professional salons performing keratin hair-smoothing treatments. METHODS: Four specific
products with [MG] at 7,582 to 22,200 ppm and estimated free [CH2O] at <11
ppm based on quantitative 13-C NMR spectroscopy were evaluated at 6 salons.
Integrated treatment and task-specific levels were measured during pre-application
preparation, application, blow-drying, and ironing. Air CH2O was analyzed per
NIOSH Method 20166. Personal breathing zone (PBZ, n=35) and area samples
(n=28) including pretreatment levels were collected during 9 treatments. Amount
of product used and salon characteristics including ventilation parameters were
recorded. RESULTS: PBZ [CH2O] during treatments lasting 63-93 min ranged
from 0.11-0.33 ppm. Pre-treatment background [CH2O] ranged from 0.00680.032 ppm, ave 0.017 ppm. Area [CH2O] samples in the first 30 min after treatment ranged from <0.0058-0.055 ppm, ave 0.022 ppm. In the subsequent 50 min,
[CH2O] ranged from <0.0050-0.03 ppm, ave 0.013 ppm. CONCLUSIONS: All
PBZ [CH2O] were well below the OSHA PEL (0.75 ppm, 8 hr TWA) and STEL
(2 ppm over 15 min). In 6 of the 9 applications, the ACGIH Ceiling of 0.3 ppm
was exceeded for a limited period. Contributing factors to potential CH2O exposures include volume of product used, application methods, and proximity of stylist to hair being treated. These integral and task-based CH2O exposure data serve
to characterize exposure potential opportunities and health risks in stylists performing these treatments.

2114

DERIVATION OF LOAEL AND NOAEL FOR
TREMOLITE ASBESTOS.

R. E. Adams1, B. Finley2, J. Pierce1, A. Phelka1, D. Paustenbach2, K. Thuett2
and C. Barlow3. 1ChemRisk, Chicago, IL, 2ChemRisk, San Francisco, CA and
3ChemRisk, Boulder, CO.
Tremolite is a noncommercial form of amphibole mineral that is present in some
chrysotile, talc, and vermiculite deposits. Some in the scientific and medical communities believe that exposure to amphibole asbestos, including tremolite, caused
or contributed to an increased incidence of mesothelioma (MM) in occupational
and non-occupational settings where individuals handle or otherwise come into
contact with chrysotile, talc and vermiculite and/or end-products manufactured
with these materials. However, very little is known about the magnitude of tremolite asbestos exposure that occurred from these scenarios, nor the exposure-response
relationship for tremolite asbestos. In order to evaluate the exposure-response relationship for tremolite asbestos, a literature search was conducted to identify all
tremolite asbestos-exposed occupational cohorts for which cumulative exposure
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data was provided or could be derived. For each study we identified the lowest-observed-adverse-effect level (LOAEL) for tremolite asbestos, defined here as the lowest bounded exposure estimate for which there was a statistically significant increased risk of mesothelioma, as well as the no-observed-adverse-effect level
(NOAEL), defined as the highest exposure group for which there was no statistically significant increased risk for mesothelioma. Our interpretation of the tremolite asbestos exposure metrics reported for the Thetford chrysotile mines and the
Libby vermiculite deposits suggests a LOAEL for MM of 35-73 f/cc-year and a
NOAEL for MM of 0.052 - 2.64 f/cc-year.

2115

TREMOLITE ASBESTOS EXPOSURES ASSOCIATED
WITH THE USE OF COMMERCIAL PRODUCTS.

A. Phelka1, B. Finley2, J. Pierce1, R. E. Adams1, D. Paustenbach2, K. Thuett2
and C. Barlow3. 1ChemRisk, Chicago, IL, 2ChemRisk, San Francisco, CA and
3ChemRisk, Boulder, CO.
Tremolite is a member of the amphibole group of minerals and may be present in
some chrysotile, talc, and vermiculite deposits. Increased incidence of malignant
mesothelioma has been suspected to be caused by exposure to fibrous or asbestiform tremolite in certain occupational (Thetford Mines, Canada and Libby,
Montana) and non-occupational settings. However, very little is known regarding
the magnitude of exposure to tremolite asbestos that occurred in these occupational
environments, and even less is known about asbestiform tremolite exposures experienced by consumers handling or otherwise coming into contact with chrysotile,
talc, and vermiculite-containing products. The purpose of this analysis was to develop estimates of cumulative tremolite asbestos exposure in various consumer
product use scenarios and compare these values to a lowest-observed-adverse-effect
level (LOAEL). Using measured and estimated airborne tremolite asbestos concentrations for simulated and actual product use, we conservatively estimated the following cumulative tremolite asbestos exposures: career auto mechanic: 0.028 f/ccyear; non-occupational use of joint compound: 0.0006 f/cc-year; non-occupational
use of vermiculite-containing gardening products: 0.034 f/cc-year; home-owner removal of Zonolite insulation: 0.0002 f/cc-year. In a separate analysis of the tremolite asbestos exposure-response relationship observed for the Thetford chrysotile
mines and the Libby vermiculite workers, a LOAEL for mesothelioma of 35-73
f/cc-year was derived. Consequently, the estimated cumulative tremolite asbestos
exposures experienced from handling chrysotile, talc and vermiculite-containing
consumer products are well below the derived LOAEL for asbestiform tremolite.

2116

EVALUATION OF ASBESTOS EXPOSURE ASSOCIATED
WITH ASBESTOS-CONTAINING GAUZE PADS.

C. L. Blake1, M. Stubbs1, G. T. Johnson2 and R. D. Harbison2. 1Bureau Veritas
North America, Inc., Kennesaw, GA and 2Environmental and Occupational Health,
University of Southern Florida-College of Public Health, Tampa, FL.
Gauze pads have been used for decades in chemical laboratories when heating flasks
and other glassware using gas burners. These pads are typically composed of wire
screen with a plaster center and in the past, many such gauze pads contained asbestos fibers within the plaster. In an effort to determine the potential for asbestos
fiber exposure to laboratory personnel and others, we have undertaken testing involving normal use of asbestos-containing pads over a variety of different time periods from ½ to 2-hours. Industrial hygiene personal and area air samples were collected during all testing following NIOSH 7400/7402 methodology. Analysis of
personal air samples (n=10) using phase contrast microscopy (PCM), showed airborne fiber concentrations ranging from less than 0.014 to 0.048 fibers per milliliter (f/ml) for sampling durations 30 to 120 minutes. Further analysis using transmission electron microscopy showed no asbestos fibers present in any of the
personal samples. Analysis of area air samples (n=12) using (PCM) showed airborne
fibers concentrations ranging from less than 0.014 to 0.056 f/ml. When analyzed
using TEM, all but one of these area samples showed no asbestos present. An asbestos adjusted PCM concentration of 0.029 f/ml was indicated for the single area
sample. These results indicate that use of asbestos–containing gauze pads produces
a low and insignificant potential for asbestos fiber exposure.

2117

DO WOODWORKING OPERATIONS GENERATE
POLYCYCLIC AROMATIC HYDROCARBONS?

E. Danisman, K. Huynh, B. Danuser and K. Clark. Institute for Work and Health,
Lausanne, Switzerland.
Occupational exposure to wood dust has been associated with an elevated risk of
sino nasal cancer. Wood dust is recognized as a human carcinogen but the specific
cancer causal agent remains unknown. One possible explanation is that co-exposure
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to wood dust and polycyclic aromatic hydrocarbons (PAHs) are known carcinogens. PAHs may be emitted from wood during the use of power tools due to heat
created from friction. To determine if PAHs are emitted from wood materials during common woodworking operations, we mesured PAHs levels in wood dust from
various wood materials under controlled conditions in an exposure chamber.
Firstly, wood dust was generated from fir, Medium Density Fiberboard, beech, sipo,
oak and wood melamine by means of a vibrating sander. Secondly, three woodworking operations were performed using vibration sander, belt sander and saw to
generate dust from fir, oak and wood melamine. During these operations, wood
dust samples were collected and analysed for PAHs. This study shows that PAHs are
emitted from wood materials during woodworking operations. We found that PAH
level differed according to wood materials and wood processing operations. Our results suggest that PAHs emitted from wood play a role in wood dust hazards by inhalation of wood dust particles with PAHs.

2118

POLYFLUOROALKYL COMPOUNDS (PFCS) IN
TEXAS—CHILDREN FROM BIRTH THROUGH 12
YEARS OF AGE.

A. J. Schecter1, N. Bass1, A. Calafat2, K. Kato2, J. Colacino3, T. Harris1, L. S.
Hynan4, T. Gent1, S. Malla1 and L. Birnbaum5. 1Environmental and
Occupational Health Program, University of Texas School of Public Health, Dallas
Campus, Dallas, TX, 2Division of Laboratory Sciences, Centers for Disease Control
and Prevention, Atlanta, GA, 3Department of Environmental Health Sciences,
University of Michigan School of Public Health, Ann Arbor, MI, 4Statistics Program,
University of Texas Southwestern Medical Center, Dallas, TX and 5Director, National
Institute for Environmental Health Sciences/NCI/NIH, Research Triangle Park, NC.
The Centers for Disease Control and Prevention (CDC) reports serum concentrations of polyfluoroalkyl compounds (PFCs), including perfluorooctane sulfonic
acid (PFOS), perfluorooctanoic acid (PFOA), perfluorononanoic acid (PFNA),
and perfluorohexane sulfonic acid (PFHxS), for the US general population ages 12
and older as part of the National Health and Nutrition Examination Survey
(NHANES) but does not include PFCs data for children younger than 12. To address this gap, we analyzed serum collected in 2009 for 8 PFCs in 300 infants and
children 0 – 12 years of age from Dallas, Texas. The PFCs serum concentrations
were measured using on-line solid phase extraction–high performance liquid chromatography–isotope dilution–tandem mass spectrometry (LC−ID/MS/MS).
PFHxS, PFOS, PFOA, and PFNA were each detected in ≥93% of the samples; the
other four PFCs were detected less frequently. Median concentrations of PFOS (4.1
ng/mL) were higher than for PFOA (2.9 ng/mL), PFNA (1.2 ng/mL), and PFHxS
(1.2 ng/mL). We found no significant differences by sex, but observed a positive association between age and PFOS and PFOA concentrations. This is one of the few
reports of PFC serum concentrations in US infants and young children, and suggests ongoing exposure to these potentially toxic compounds years after changes in
some PFCs production. (This abstract does not represent NIH or CDC policy.)

2119

DIETARY EXPOSURE TO ACRYLAMIDE IN
ADOLESCENTS FROM A CANADIAN URBAN CENTER.

L. Normandin1, C. Blanchet1, A. Becalski2, Y. Bonvalot2, D. Phaneuf1, C.
Lapointe2, M. Gagné1, P. Ayotte1, M. Courteau1 and M. Bouchard3. 1Institut
National de Santé Publique du Québec, Quebec, QC, Canada, 2Santé Canada,
Ottawa, ON, Canada and 3Université de Montréal, Montreal, QC, Canada.
Acrylamide (AA), a probable carcinogen in humans, is formed during high-temperature cooking and is detectable in common foods such as french fries and potato
chips. In this study, dietary exposure to AA was investigated in adolescents from the
Island of Montreal, Quebec, Canada. A total of 196 non-smoking adolescents of
both genders, aged between 10 and 17 years old were randomly recruited in the
general population. Consumption of specific foods containing AA was documented
using a daily self-administrated questionnaire during two consecutive days. Based
on the dietary questionnaire, a total of 146 samples of different brands of consumed foods (french fries, potato chips, corn chips, popcorn, pretzels, roasted almonds, crackers, cookies, breakfast cereals, toasted bread, black olives and coffee)
were selected and analyzed for AA concentration by LC-MS/MS. Results obtained
for AA levels in food ranged from 1 to 2390 ng/g with a mean of 288 ng/g. Using
these data we estimated the mean daily dietary intake of AA (both days) at 0.59
μg/kg bw/d with a 97.5th percentile of 2.85 μg/kg bw/d. No significant difference
in AA intake was observed between boys and girls. With an average level of AA of
1053 ng/g, deep-fried french fries was identified as the major contributor to AA exposure (50%) followed by potato chips (10%), oven-baked french fries (8 %) and
breakfast cereals (8 %). Corn chips, popcorn, crackers, cookies, toasted bread, contributed to 3 – 5% each while the contributions of roasted almonds, pretzels, black
olives and brewed coffee were negligible. Overall, these results are similar to those
found in comparable populations of other western countries.

2120

QUANTIFICATION OF BENZENE, TOLUENE, AND UFP
DURING SURGERY WITH ELECTROCAUTERY.

H. Anundi1, S. Näslund-Andreason2, B. Sahlberg1 and H. Matheme3.
1Occupational and Environmental Medicine, Uppsala University, Uppsala, Sweden,
2Main Operating Theatres, Uppsala University Hospital, Uppsala, Sweden and
3Surgery, Uppsala University Hospital, Uppsala, Sweden.
Introduction: Electrocautery is frequently used in surgery. It produces less bleeding
and is effective in tumor removal. However the electrocautery smoke generated can
be irritating to the respiratory tract and contains carcinogenic substances.We have
investigated the occurrence and concentrations of benzene and other volatile organic compounds (VOC) in electrocautery smoke during peritectomy with cytoreductive surgery.We also measured the concentration of ultrafine particles (UFP)
and the correlation with benzene levels.IARC has classified benzene as carcinogenic
to humans.The aim was to quantify benzene, toluene and ultrafine particles in electrocautery smoke and assess of possible health effects risk for operating room personnel. Materials and methods: Patients with peritoneal carcinoma were treated
with cytoreductive surgery using high voltage electrocautery. Personal sampling was
performed with Anasorb tubes connected to a portable air-sampling pump.
Anasorb tubes were desorbed with carbon disulfide and analysed with Gc-MS.Also
UFP in electrocautery smoke was measured and air quality parameters; carbon
dioxide, temperature and relative air humidity was measured. Results: The average
exposure for benzene in electocautery smoke was 1,78 microg/m3, range 1,09 -2,44
and average toluene concentrations were 5,70 (3,41 – 12,49) microg/m3, the mean
concentration of UFP was 9150 pt/cc (110 – 437200). Aldehydes, such as nonanal
and decanal were detected. No correlation was seen between benzene or toluene
concentration and UFP. Conclusion: The concentrations of benzene and toluene
were below the Swedish occupational exposure limit value. Peak exposure of UFP
was high which may cause irritating symptoms in the respiratory tract.Further the
mixed exposure situation during electrocautery may give rise to synergistic or additive effect of e.g. VOC and UFP that could result in e.g. cardiovascular effects.

2121

DERIVATION OF ROUTE-SPECIFIC MAXIMUM
ALLOWABLE DOSE LEVELS (SAFE HARBOR LEVELS)
FOR LEAD FOR THE ASSESSMENT OF RISKS FROM
CONSUMER PRODUCTS.

L. Haighton, H. Fikree, A. Pais and J. W. Card. Intertek Cantox, Mississauga,
ON, Canada.
The existing Proposition 65 MADL for lead that is based on the OSHA PEL of 50
μg/m3 is 0.5 μg/day. Route-specific MADLs, which are more suitable for the assessment of exposures from consumer products, have not been derived by OEHHA
although hand-to-mouth transfer of lead has been raised as a concern. In this work,
route-specific MADLs for lead and worst case estimated exposures due to hand-tomouth transfer of lead (using data from lead sheeting) were determined. The latter
results were used to estimate theoretical transfer from a product containing 600
ppm lead. Adjusting for differences in bioavailability, oral MADLs for children and
adults of 0.95 and 4.75 μg/day, respectively, were derived. Although blood lead levels are considered a more reliable indicator of the potential for adverse effects,
MADLs are in units of μg/day. Using the relationship determined for dietary lead
of 1 μg lead/day resulting in blood lead increases of 0.16 μg/dL in children and
0.04 μg/dL in adults, the derived oral MADLs for children and adults would correspond to blood lead levels of 0.15 and 0.19 μg/dL, respectively. In comparison, the
CDC action level for lead of 10 μg/dL is >50-fold higher. In published tests with
lead sheeting (a construction material that is essentially all lead), 10 hand contacts
resulted in surface loadings ranging from 0.16 to 2.24 μg/cm2. Based on OEHHA
principles, total hand-to-mouth transfer (assuming 10 direct and 10 indirect contacts) for a child touching the lead sheeting was calculated to be 33.6 μg (using
2.24 μg/cm2 as the loading estimate in both cases). Assuming a linear relationship,
a consumer product containing 0.06% (600 ppm) lead may yield 0.02 μg of lead
given the same scenario. This exposure is 47-fold lower than the child-specific oral
MADL derived here, 25-fold lower than the existing MADL (0.5 μg/day) and
would correspond to a blood lead level of 0.0032 μg/dL. In summary, route-specific MADLs for lead are considered useful for realistically estimating risks associated with exposure to consumer products.

2122

HIGH MERCURY LEVELS IN THE AIR OF DENTAL
CENTERS IN CARTAGENA, COLOMBIA.

W. Maldonado-Rojas, A. Arrazola-Diaz and J. Olivero-Verbel. Environmental and
Computational Chemistry Group, University of Cartagena, Cartagena, Bolivar,
Colombia.
Mercury vapor generated by the placement and removal of dental amalgams is a
contaminant in dental centers. The kinetic energy given to perform these activities
increases the degree of exposure through the generation of mercury vapors. The pri-

mary objective of this study was to determine mercury levels in the air of dental
centers at the city of Cartagena, Colombia. For this purpose, air mercury concentrations were measured by atomic absorption spectroscopy at sixty four locations,
using the mercury analyzer RA-915+. Air mercury concentrations measured in
areas without the presence of patients were 1309±232 ng/m3 for the workplace,
2686±452 ng/m3 at cuspidors, and 1262±209 ng/m3 on the dental tray. Moreover,
when clinical work was performed on amalgams, air mercury levels reached
9510±1950 ng/m3 in the workplace, 23983±2670 ng/m3 at cuspidors, and
39983±2058 ng/m3 near the patient mouth, values up to 133 times greater than
the reference concentration established by the U.S. Environmental Protection
Agency-EPA (300 ng/m3). It is clear that the high levels of mercury recorded in the
air present at these dental centers increase the risk of exposure to dentists and patients, with potential serious health consequences, especially in the case of dentists
and assistants, as they spend greater time in these working places. These results
pointed out the necessity to eradicate the use of mercury in dental fillings in
Colombia, as it is a prominent exposure source of this toxic metal to dental care
providers.

2123

CHRONIC LEAD POISONING IN DOMESTIC FOWLS
EXPOSED TO GOLD MINING ACTIVITY IN NIGERIA.

O. O. Oladipo1, B. O. Akanbi2, P. S. Ekong2, G. O. Ajani2 and P. A. Okewole2.
1Toxicology Section, Biochemistry Division, National Veterinary Research Institute, Jos,
Plateau, Nigeria and 2Central Diagnostic Laboratory, National Veterinary Research
Institute, Vom, Jos, Plateau, Nigeria.
Three free-ranged domestic fowls were presented during a field investigation in
May 2010 in a North-western village of Zamfara state, Nigeria where illegal small
scale gold mining activities were being done. The birds were emaciated, weak,
moribund, recumbent, uncoordinated, staggered, showed torticollis and occasional
cycling. One of the fowls showed paresis of the limbs. Due to the moribund state of
the fowls, they were humanely euthanized by jugular venesection and clinical investigations conducted. Grossly, the carcasses were characterized by emaciation, petechiation, ecchymoses and necrosis in visceral organs. Fatty change was observed
in the liver, and the Proventriculus had multifocal intramural dark areas of 0.2cm in
diameter, as seen from the serosa. Microscopically, cerebral necrosis, glia cell proliferation and microvascularization with neuronal necrosis and eosinophilic intranuclear bodies of 5-8um in diameter was observed. There were fibrinoid necrosis of
proventricular vessels, tubular epithelia necrosis, intraluminal protein cast and presence of intranuclear pale eosinophilic inclusion bodies. The sera were negative for
Newcastle viral antigens. Hematological parameters were within normal range. The
serum and liver lead level was 55.05 ± 10.41 mg/Kg and 45.87 ± 10.66 mg/K, respectively. The brain and bone lead level was 87.52 ± 12.53 mg/Kg and 156.80 ±
64.16 mg/Kg, respectively. We conclude that the fowls were chronically intoxicated
with lead because of the high concentrations of lead in the tissues and the clinicpathological symptoms presented. The public health risk and the need for concerted efforts at eliminating the environmental pollution from the gold mining activity in this community and the country at large were discussed.

2124

SUCCESSFUL APPLICATION OF LEAD ISOTOPES IN
SOURCE APPORTIONMENT, LEGAL PROCEEDINGS,
REMEDIATION, AND MONITORING.

B. Gulson1, 2, M. Korsch2, W. Winchester3, M. Devenish3, T. Hobbs3, C.
Main4, G. Smith4, K. Rosman5, L. Howearth5, L. Burnes-Nunes5, J. Seow6, C.
Oxford6, L. Gillam7, G. Yun7 and M. Crisp8. 1Macquarie University, Sydney,
NSW, Australia, 2ESRE, CSIRO, North Ryde, NSW, Australia, 3WA Transport,
Esperance, WA, Australia, 4WA Animal Health, Perth, WA, Australia, 5Curtin
University, Perth, WA, Australia, 6Environment, Perth, WA, Australia, 7Health,
Perth, WA, Australia and 8LED, Esperance, WA, Australia.
In late 2006, the seaside community in Esperance Western Australia was alerted to
thousands of native bird species dying. The source of the lead (Pb) was determined
by Pb isotopes to derive from the handling of Pb carbonate concentrate through the
Port, which began in July 2005. Concern was expressed for the impact of this on
the community. Our objectives were to employ Pb isotope ratios to evaluate the
source of Pb in environmental samples for use in legal proceedings, and for use in
remediation and monitoring. Isotope measurements were undertaken of bird livers,
plants, drinking water, soil, harbour sediments, air, bulk ceiling dust, gutter sludge,
surface swabs and blood. The unique lead isotopic signature of the contaminating
Pb carbonate enabled diagnostic apportionment of lead in samples. Apart from
some soil and water samples, the proportion of contaminating Pb was >95% in the
environmental samples. Lead isotopes were critical in resolving legal proceedings,
are being used in the remediation of premises, were used in monitoring of workers
involved in the decontamination of the storage facility, and monitoring transport of
the concentrate through another port facility. Air samples show the continued presence of contaminant Pb, more than one year after shipping of concentrate ceased.
Brief details of the comprehensive testing and cleanup of the Esperance community
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are provided along with the role of the Community. Lead isotopic analyses can provide significant benefits to regulatory agencies, interested parties, and the community where the signature is able to be characterised with a high degree of certainty.

2125

SIMULATION OF HEAVY METAL CONTAMINATION
OF FRESH-WATER BODIES: TOXIC EFFECTS IN THE
CATFISH AND ITS AMELIORATION WITH
COCONTAMINATION WITH GLYPHOSATE.

F. O. Okonkwo1 and C. E. Ejike2. 1Department of Biochemistry, University Of
Nigeria, Nsukka, Enugu State, Nigeria and 2Department of Biochemistry, Michaei
Okpara University of Agriculture, Umudike, Abia State, Nigeria. Sponsor: W. Hayes.
The toxic implications of fresh water contamination with zinc in the catfish, Clarias
albopunctatus (Lamonte and Nicole, 1927), and the effect of a co-contamination
with a sub-lethal dose ofglyphosate (Roundup) was studied using the static bioassay
model. Thirty six fish were divided into 3 equal groups. Fish in Group 1 were
placed in normal tap water, and served as the control group, while fish in Groups 2
and 3 were placed in water contaminated with ZnSO4 and ZnSO4 + glyphosate,
respectively. The study lasted for 96 hours (though sampling was done at the 48th
hour). Biochemical markers of toxicity were measured and the fish liver and gill histology were studied using standard protocols. The results show that ZnSO4 was significantly toxic to the fish only after 96 hours. Co-contamination of the water with
both toxicants was found to ameliorate the toxic effects of ZnSO4 significantly.
The metal chelating property of glyphosate may be responsible for the observed attenuation of toxicity in the fish in Group 3

2126

DeHate1,

MANAGING HUMAN HEALTH RISK THROUGH A
COMPREHENSIVE AIR-MONITORING PLAN AT A
FORMER MGP SITE.
Skelly1,

Johnson2

Harbison2. 1GEI

R. B.
B.
G.
and R. D.
Consultants,
Inc., Valrico, FL and 2Environmental and Occupational Health, University of South
Florida-College of Public Health, Tampa, FL.
Monitoring for potential emissions from a Manufactured Gas Plant (MGP) remediation site is implemented to reduce or prevent a potential inhalation pathway for
VOCs such as benzene, toluene, ethylbenzene, and xylenes; and contaminated particulates acting as a conduit for PAHs and heavy metals. This risk management case
study presents a USEPA-approved air monitoring program implemented to manage
human health risks at a former MGP site located in the southeast U.S. Risk-based
Acceptable Air Concentrations (AACs) were developed and a sampling regime established to monitor potential emissions to maintain contaminant concentrations
below the AACs. The AAC for benzene was based on carcinogenic effects using the
current IUR from the USEPA’s IRIS database. The AACs for toluene, ethyl benzene, and xylenes were based on non-carcinogenic effects using the current RfC
from the IRIS database. The AACs for the carcinogenic PAHs were based on carcinogenic effects using the current IUR from California EPA. The AAC for respirable particulate matter (PM10) was the National Ambient Air Quality Standard
(NAAQS) for PM10 and was used as a surrogate for both the PAHs and heavy metals. Site-specific AACs were calculated using a target cancer risk (TR) value of
1X10-4 for carcinogens and a target hazard quotient (THQ) of 1 for non-carcinogens. The exposure duration used was based on a twelve-month project duration
and an exposure time of 24-hours per day; equations, toxicity values and sources
were based on USEPA’s Regional Screening Levels website (2009). A total 535
twenty-four hour time weighted samples (269 VOC samples and 266 PAH samples) were collected over the project duration. Only minor levels of VOCs and
PAHs were detected and no results were above the AACs. These time-weighted averages demonstrate that the real-time air monitoring and control measures implemented at the Site effectively maintained concentrations below the AACs and were
protective of human health.

2127

INDUCTION OF NAD(P)H:QUINONE
OXIDOREDUCTASE: INTERPLAY BETWEEN AH
RECEPTOR AND NRF2.

L. Wang1, 3, X. He2, G. Szklarz1 and Q. Ma2. 1Department of Basic Sciences, West
Virginia University, Morgantown, WV, 2TMBB/HELD, NIOSH, Morgantown, WV
and 3Department of Occupational and Environmental Health, Wuhan Uniiversity,
Wuhan, China.
NAD(P)H:quinone oxidoreductase (NQO1) catalyzes the obligatory two electron
reduction of quinones and quinoide compounds bypassing redox cycling and production of reactive oxygen radicals and protecting cells from toxicity. Induction of
NQO1 is considered as a model for analyzing transcriptional regulation of many
cytoprotective enzymes and proteins. The aryl hydrocarbon receptor (AhR) medi-
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ates the induction of NQO1 by 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and
benzo[a]pyrene (Bap); whereas, the antioxidant-activated receptor/transcription
factor Nrf2 is critical for induction by antioxidants such as tert-butylhydroquinone
(tBHQ). Induction of the genes by AhR agonists or antioxidants requires “dioxin
response element” (DRE) or “antioxidant response element” (ARE), respectively.
We previously reported a cross-interaction between AhR and Nrf2 signal transduction is required for induction of NQO1 by TCDD (Ma et al, Biochem J 377, 205213, 2004). In this study, we analyzed the interaction between AhR and Nrf2 at the
promoter of NQO1. Chromatin immunoprecipitation analyses revealed that treatment with TCDD recruits both AhR and Nrf2 to the promoter region where a
DRE and an ARE locate; the finding is in agreement with the result from genetic
studies in which induction by TCDD or Bap was shown to require both AhR and
Nrf2. TCDD-induced binding of AhR and Nrf2 to DNA is time-dependent.
Consistent with the activation of Nrf2, TCDD treatment inhibits Keap1-dependent ubiquitination and proteasomal degradation of Nrf2 resulting in the stabilization and nuclear accumulation of Nrf2. Co-immunoprecipitation experiments revealed that AhR directly interacts with Nrf2 in the presence of TCDD. Our
findings demonstrate that AhR interacts with Nrf2 to control induction of NQO1
by AhR ligands.

2128

ESTROGEN RECEPTOR ALPHA AND ARYL
HYDROCARBON RECEPTOR DIFFERENTIALLY
MODULATE THE TRANSCRIPTIONAL ACTIVITY OF
NUCLEAR FACTOR ERYTHROID-2-RELATED FACTOR
2 (NRF2).

R. Lo and J. Matthews. University of Toronto, Toronto, ON, Canada.
Nuclear Factor-Erythroid 2 Related Factor 2 (NRF2) regulates the expression of a
battery of Phase II detoxifying enzymes and provides cellular protection against
electrophiles and oxidative stress. Sulforaphane (SFN) is a naturally occurring
NRF2 activator in cruciferous vegetables and has been undergoing clinical trials for
the prevention of breast cancer due to its pro-apoptotic and anti-mitotic effects in
MCF7 breast cancer cells. Modulation of the NRF2 signalling pathway by estrogen
receptor alpha (ERα) and the aryl hydrocarbon receptor (AHR) was investigated in
this study. SFN induced NADPH-dependent oxidoreductase 1 (NQO1) and heme
oxygenase I (HMOX1) mRNA expression, which was significantly diminished
when MCF-7 ER+ cells were co-treated with various estrogenic compounds with
the exception of diindodylmethane (DIM). DIM+SFN induced NQO1 and
HMOX1 mRNA to levels greater than SFN alone. RNAi-mediated knockdown of
AHR abrogated the supra-induction effect of DIM+SFN on NQO1 and HMOX1
expression, whereas knockdown of ERα abrogated the inhibitory effect of resveratrol (RES). In cells treated with SFN+17beta-estradiol (E2), ChIP assays revealed
significant decrease in p300 recruitment which coincided with 1) decreased local
Histone H3 Lysine 9 acetylation and 2) time-dependent increase in ERα recruitment at the NQO1 and HMOX1 enhancer regions. Taken together, our findings
suggest that both ERα and AHR modulate the activity of NRF2. E2-mediated repression of HMOX1 and NQO1 might involve the recruitment of ERα, resulting
in a decrease in p300 recruitment and an associated decrease in local H3K9Ac:H3.
This study is funded by the Canadian Breast Cancer Foundation (CBCF) Doctoral
Fellowship, the CBCF Grant Program and Canadian Institutes of Health Research
Operating Grant.
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NUCLEAR FACTOR E2-RELATED FACTOR-2 (NRF2)
REGULATES P-GLYCOPROTEIN EXPRESSION AT THE
BLOOD-BRAIN BARRIER (BBB) BY ACTING
THROUGH P38 MAP KINASE.

X. Wang and D. Miller. Laboratory of Pharmacology, National Institute of
Environmental Health Sciences, Research Triangle Park, NC.
At the BBB, the ATP-driven efflux pump, P-glycoprotein (Pgp) is a major impediment to CNS pharmacotherapy. Signals that modulate Pgp transport function are
complex and not fully mapped. Recent studies show that Pgp is upregulated by
xenobiotics acting through nuclear receptors. Here we show that ligands for Nrf2
increase Pgp-mediated transport and transporter protein expression in rat brain
capillaries. Nrf2 senses oxidative stress and induces multiple cytoprotective proteins, including antioxidant and glutathione generating enzymes, but its ability to
modulate transport proteins is largely unexplored. We used freshly isolated rat brain
capillaries, a fluorescent Pgp substrate and confocal microscopy to monitor chages
in Pgp transport activity. Exposing capillaries to the Nrf2 ligand, sulforaphane
(SFN, 0.1-10 μM), a naturally occurring compound present in cruciferous vegeta-

bles, increased Pgp activity in a concentration-dependent manner. Inhibiting transcription with actinomycin D or inhibiting translation with cycloheximide abolished SFN-induced upregulation of transport. Another Nrf2 activator, tert-butylhydroquinone (tBHQ), widely used in food preservatives, also significantly
increased Pgp transport activity. Exposing rat brain capillaries to SFN (1-10 μM)
caused a concentration-dependent increase of Pgp protein expression assayed by
Western blot. Electrophoretic Mobility Shift Assay (EMSA) detected binding of
Nrf2 to ARE in nuclei from rat brain capillaries exposed to SFN. Pretreament with
SB203580, a p38 mitogen-activated protein kinase inhibitor, abolished SFN- and
tBHQ- induced upregulation of Pgp transport, while inhibitors of MEK and PI3
kinase were without effect. These results implicate p38 signaling in Nrf2 induction
of Pgp activity. Thus, the BBB is tightened selectively by dietary constituents that
are Nrf2 ligands, providing increased neuroprotection but at the expense of reduced
penetration of certain therapeutic drugs.

expression by reporter gene assay and qPCR, indicating XBP1s may be responsible
for modulating anti-oxidant response by suppressing expression of Nrf2. Treating
cells with proteasome inhibitor (MG132) or lysosome inhibitor (Chloroquine) in
the presence of XBP1s cannot restore Nrf2 protein expression to control level, leading us to think that XBP1s may modulate Nrf2 though some mechanism other
than protein degradation. In summary, our data revealed a possible crosstalk between ER stress pathway and oxidative responses via UPR and Nrf2 signaling pathway in order to protect cells against environmental stress. Further investigation of
the mechanisms of this coordinate regulation will not only shed light on principles
of stress response but may also lead to new approaches to the treatment of stress related diseases.
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THE ROLE OF SIRTUIN-1 ON TBHQ INDUCTION OF
NRF2 AND PROTOTYPICAL NRF2 TARGET GENE
EXPRESSION.

W. Wei1, J. Xu1, S. Kulkarni1, A. Donepudi1, V. More1, C. Wang1, X. Li2 and
A. Slitt1. 1Biomedical and Pharmaceutical Sciences, University of Rhode Island,
Kingston, RI and 2Signal Transduction, National Institute of Environmental Health
Sciences, Research Triangle Park, NC.
Multidrug Resistance-associated Proteins (Mrp, Abcc) are key transporters in the
excretion of chemicals out to bile and blood from hepatocytes. Tertiary butylhydroquinone (tBHQ) is a phenolic antioxidant that stabilizes the protein of NF-E2-related factor 2 (Nrf2), enhances antioxidant response element-mediated gene transcription. Recent studies demonstrated that the histone deacetylase, Sirtuin-1
(Sirt1), is necessary for nuclear receptor signaling via peroxisome proliferator activated-receptor alpha (Ppar-α) in vivo. The current study was to determine whether
tBHQ activation of the NRF2 target gene expression occurs via Sirtuin1-dependent mechanisms in vitro and in vivo. Primary hepatocytes were isolated from male
wild-type or hepatocyte-specific Sirt1 knockout mice (Sirt1-KO). The cells were
treated with tBHQ (100μM) for 24 hours, and then total RNA as well as proteins
were isolated. TBHQ increased Ppar-α, glutamate-cysteine ligase catalytic subunit
(Gclc), Nad(p)h:quinone oxidoreductase (Nqo1), Mrp2, and Mrp4 mRNA expression in wild-type hepatocytes, but this induction was attenuated in Sirt1-KO hepatocytes. TBHQ induced Nrf2, Gclc, Nqo1, Mrp2, and Mrp4 protein expression in
wild-type hepatocytes, but this induction was attenuated in Sirt1-KO hepatocytes.
TBHQ increased NRF2 mRNA and protein expression in HEK293 cells, but not
HEK293 cells after Sirt-1 knockdown. In contrast, BHA treatment increased Gclc
and Nqo1 protein expression in livers of wild-type mice and Sirt1-KO mice to a
similar degree. TBHQ and BHA treatment increased Sirt1 expression in hepatocytes and liver, respectively. Overall, tBHQ induction of NRF2 targets was attenuated in the Sirt1-KO hepatocytes and Sirt1-Knockdown cells, but not livers from
BHA-treated mice. Together, the data demonstrate Sirt1-dependent modulation of
Nrf2 expression and target gene expression in hepatocytes and cells. This work was
supported by NIH 3R01ES016042.

L. Zhan, H. Zhang, Q. Zhang, P. Xue, Y. Hou, A. Wang, W. Qu, K.
Yarborough, C. G. Woods, M. E. Andersen and J. Pi. The Institute for Chemical
Safety Sciences, The Hamner Institutes for Health Sciences, Research Triangle Park,
NC.
The Nuclear factor-E2-related factor 2 (NRF2) serves as a master regulator in cellular defense against oxidative/electrophilic stress and in chemical detoxification.
However, persistent activation of NRF2 resulting from gain-of-function mutation
of NRF2 and/or loss-of-function mutation of its suppressor Kelch-like ECH-associated protein 1 (KEAP1) are associated with tumorigenicity and chemoresistance
of non-small-cell lung carcinomas (NSCLCs). Thus, inhibiting NRF2-mediated
adaptive antioxidant response in NSCLCs is widely considered as a promising strategy to prevent tumor growth and reverse chemoresistance. Unexpectedly, stable
knockdown of KEAP1 by lentiviral shRNA sensitized three independent NSCLC
cell lines (A549, HTB-178 and HTB-182) to multiple chemotherapeutic agents,
including arsenic trioxide (As2O3), etoposide and doxorubicin, despite increased
NRF2 activity attained by KEAP1 silencing. In lung adenocarcinoma epithelial cell
line A549, the silencing of KEAP1 augmented the expression of peroxisome proliferator-activated receptor γ (PPARγ), which was accompanied by enhanced expression of cell differentiation-related genes, including E-CADHERIN and GELSOLIN. In addition, KEAP1-KD A549 cells displayed attenuated expression of
CYCLIN D1 proto-oncogene and markers for cancer stem cells (CSCs) and reduced non-adherent sphere formation. Moreover, deficiency of KEAP1 led to elevated induction of PPARγ in response to As2O3 treatment. Pretreatment of A549
cells with PPARγ agonists augmented the effects of As2O3 on activation of PPARγ
and cytotoxicity in a NRF2-dependent fashion. Collectively, the current study
demonstrates that suppression of KEAP1 expression in human NSCLC cells results
in sensitization to chemotherapeutic agents, which may be attributed to activation
of PPARγ and subsequent alterations in cell differentiation and CSC abundance.
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XBP1 AND NRF2, AT THE CROSSROADS OF
ENDOPLASMIC RETICULUM STRESS AND
OXIDATIVE STRESS.

REGULATORY ROLE OF NRF2 AND KEAP1 IN PPARGAMMA EXPRESSION AND CHEMORESISTANCE IN
HUMAN NON-SMALL CELL LUNG CARCINOMA
CELLS.

UPREGULATION OF QUINONE OXIDOREDUCTASE 1
ENZYME BY THE STRONGLY BASIC ALKALOIDAL
FRACTION OF RHAZYA STRICTA THROUGH NRF2DEPENDENT MECHANISM.

T. Wu, F. Zhao, W. T. Klimeki and D. D. Zhang. Pharmacology and Toxicology,
University of Arizona, Tucson, AZ.

M. El Gendy1, B. H. Ali2 and A. O. El-Kadi1. 1Faculty of Pharmacy, University of
Alberta, Edmonton, AB, Canada and 2Department of Pharmacology, Sultan Qaboos
University, Al Khod, Oman.

X-box binding protein 1 (XBP1) is one of the key players of the unfolded protein
response (UPR) and is critical for cell fate determination in response to endoplasmic reticulumn (ER) stress. During UPR, active inositol-requiring enzyme 1
(IRE1) splices XBP1 mRNA into XBP1s. XBP1s then binds to ER stress response
elements (ERSE) and activates transcription of a variety of UPR target genes including ER chaperones and components of the ER-associated degradation (ERAD)
pathway. The bZIP Cap ‘n’ Collar transcription factor nuclear respiratory factor 2
(Nrf2) has emerged as a master regulator of cellular redox homeostasis. As an adaptive response to oxidative stress, Nrf2 activates transcription of genes encoding for
antioxidants, detoxification enzymes, and xenobiotic transporters, by binding the
cis-antioxidant responsive element (ARE) in the promoter regions of the genes. In
our study, we found that XBP1+/+ mouse embryonic fibroblast (MEF) cells have a
lower Nrf2 expression comparing to XBP1-/- MEFs. Ectopic XBP1s expression in
HEK293, MDA-MB-231 and A549 cells decreased Nrf2 protein expression over
control, suggesting that the observed effect is not cell type specific. In addition, we
saw a reduction in Nrf2 transcriptional activity as well as Nrf2 downstream gene

NAD(P)H:quinone oxidoreductase 1 (NQO1) is an important detoxifying enzyme
that prevents the formation of highly reactive oxygen radicals. NQO1 is regulated
by the aryl hydrocarbon receptor (AhR) and nuclear factor erythroid 2-related factor 2 (Nrf2) transcription factors. Rhazya stricta is a common traditional antitumor medicinal plant in the Arabian Peninsula, Pakistan and India. However, its
effect on NQO1 was not studied before. The current study aims to address the effect of the plant extract strong basic alkaloidal fraction (AF) on the regulation of
NQO1. Rhazya stricta leaves were extracted using ethanol, the AF was isolated according to a bioassay-guided fractionation and its mass spectrum was used as a finger print for its identity. The effect of increasing concentrations (0.5-20 μg/mL) of
the AF on NQO1 level was studied in murine hepatoma Hepa 1c1c7, its AhR-deficient version (c12) and human hepatoma HepG2 cells. Our results showed that
the AF significantly induced the Nqo1 at mRNA, protein and catalytic activity levels in a concentration-dependent manner in Hepa 1c1c7 cells. Moreover, the transcriptional effect of the AF was confirmed using the transcriptional inhibitor, actinomycin-D. The AF induced Nqo1 in c12 cells at mRNA and catalytic activity

SOT 2012 ANNUAL MEETING

459

levels suggesting the role of Nrf2 in its regulation. This was confirmed by increased
the nuclear translocation of Nrf2 by AF. Finally, the AF induced human NQO1 at
mRNA and catalytic activity levels in a concentration-dependent manner in
HepG2 cells. We concluded that the strongly basic alkaloidal fraction of Rhazya
stricta upregulates NQO1 through Nrf2-dependent mechanism. These data may
represent novel mechanisms by which the strongly basic alkaloidal fraction of
Rhazya stricta confers chemoprevention. Acknowledgements: This work was supported by NSERC of Canada grant 250139-07 to AOSE. ME is the recipient of the
Dissertation Fellowship, University of Alberta.
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NRF2 ACTIVATION PREVENTS ETHANOL-INDUCED
HEPATIC ALTERATIONS.

K. C. Wu, J. J. Liu and C. D. Klaassen. University of Kansas Medical Center,
Kansas City, KS.
Oxidative stress and lipid accumulation play important roles in alcohol-induced
liver injury. Genes involved in antioxidant defense are induced, whereas genes involved in lipid biosynthesis are suppressed in livers of nuclear factor erythroid 2-related factor 2 (Nrf2) activated mice. To investigate the role of Nrf2 in alcohol-induced hepatic alterations, Nrf2-null mice, wild-type mice, kelch-like
ECH-associated protein 1-knockdown (Keap1-KD) mice with enhanced Nrf2, and
Keap1-hepatocyte knockout (Keap1-HKO) mice with maximum Nrf2 activation
were treated with ethanol (6 g/kg, po). Blood and liver samples were collected 6 h
thereafter. Ethanol increased the enzyme activities of serum alanine aminotransferase and lactate dehydrogenase as well as the amount of serum thiobarbituric acid
reactive substances (TBARS) in Nrf2-null and wild-type mice, but not in Nrf2-enhanced mice. After ethanol treatment, mitochondrial glutathione concentrations
decreased markedly in Nrf2-null mice, moderately in wild-type mice, but not in
Nrf2-enhanced mice. H2DCFDA staining of primary hepatocytes isolated from
the four genotypes of mice indicated that oxidative stress was higher in Nrf2-null
cells, and lower in Nrf2-enhanced cells than wild-type cells. In addition, ethanol increased serum triglycerides and free fatty acids in livers of Nrf2-null mice, and these
increases were blunted in Nrf2-enhanced mice. To further investigate the role of
Nrf2 in preventing hepatic lipid accumulation, mRNA and nuclear protein of
sterol regulatory element-binding protein 1(Srebp-1), the master regulator of lipid
biosynthesis, were quantified. The basal levels of Srebp-1 mRNA and nuclear protein were decreased with graded Nrf2 activation. Ethanol treatment further induced Srebp-1 mRNA in Nrf2-null mice but not in Nrf2-enhanced mice. In conclusion, Nrf2 activation prevented alcohol-induced oxidative stress and
accumulation of free fatty acids in liver by increasing genes involved in antioxidant
defense and decreasing genes involved in lipogenesis. (Supported by NIH grants
DK-081461, ES-019487, and ES-009649).
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NRF2 ACTIVATOR BARDOXOLONE METHYL
TRANSCRIPTIONALLY REGULATES TRANSAMINASES
AND INCREASES GLUTATHIONE IN MULTIPLE
TISSUES.

S. A. Reisman1, G. A. Miller1, R. Bumeister1, B. Probst1, C. D. Klaassen2, S.
Ruiz1, C. J. Meyer1, W. Wigley1 and D. A. Ferguson1. 1Reata Pharmaceuticals,
Inc., Irving, TX and 2University of Kansas Medical Center, Kansas City, KS.
First introduced into the clinic almost 60 years ago, serum alanine and aspartate
transaminases have become standard biomarkers for detection of liver injury.
However, concomitant with being expressed both intra- and extra-hepatically and
critical for amino acid metabolism, increases in serum transaminases are not always
associated with liver injury. Bardoxolone methyl, the lead molecule from the
Antioxidant Inflammation Modulator (AIM) class, binds to Keap1 and potently induces Nrf2, a transcriptional regulator of many cytoprotective genes, including glutathione (GSH) synthetic enzymes. In clinical studies with bardoxolone methyl, almost all patients have increased serum transaminase activity above baseline upon
initiation of treatment. These elevations follow a consistent pattern and are not associated with elevations in bilirubin. Such elevations are typically mild, resolve
within two to four weeks after peaking without discontinuation of study drug, and
do not recur. Because transaminases catalyze reactions which produce glutamate, a
necessary amino acid for the synthesis of GSH, it was hypothesized that the role of
Nrf2 in GSH production might extend beyond regulation of GSH synthetic enzyme expression. In cells derived from liver, muscle, kidney, and macrophages, bardoxolone methyl and other AIMs, dose- and time-dependently increased transaminase mRNA and protein levels, GSH concentrations, and mRNA levels of GSH
synthetic enzymes. In vivo, serum transaminase activity, hepatic GSH content, hepatic GSH synthetic enzyme mRNA levels, and renal and hepatic transaminase
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mRNA levels were increased in Keap1-knockdown mice, but decreased in Nrf2null mice compared to wild-type mice. Collectively, these data suggest that genetic
activation of Nrf2 and AIM pharmacology lead to elevated transaminase activity in
response to increased demand for glutamate for the production of GSH.

2136

BACOPA MONNIERA EXTRACT ACTIVATES THE NRF2
PATHWAY AND PROTECTS AGAINST MPP+ AND
PARAQUAT-INDUCED TOXICITY THROUGH THE
MODULATION OF INTRACELLULAR OXIDATIVE
STRESS AND MITOCHONDRIAL FUNCTIONS.

M. Singh1, V. Murthy2 and C. Ramassamy1, 2. 1Pharmacology, INRS—Institut
Armand-Frappier, Laval, QC, Canada and 2Department of Medical Biology, Faculty
of Medicine, Laval University, Québec, QC, Canada. Sponsor: T. Sanderson.
Parkinson’s disease (PD) is one of the most common age related neurodegenerative
diseases and affects million of people worldwide. Environmental factors especially,
pesticides represent one of the primary classes of neurotoxic agents associated with
PD. Strong evidence supports the role of oxidative stress, mitochondrial and proteasomal dysfunctions underlying neuronal death in PD. Activation of the nuclear
factor E2-related factor2 (Nrf2), a master regulator of cellular antioxidant response
has shown neuroprotection in the PD models. The objective of our study was to investigate the neuroprotective effects of the standardized extracts of Bacopa monniera
(BM) against paraquat (PQ) and MPP+ induced toxicity and to elucidate the
mechanisms underlying this protection. Our results show that a treatment with BM
extract activated the Nrf2 pathway by modulating the expression of Keap1, Akt and
GSK3beta thereby up-regulating the endogenous GSH synthesis and phase two antioxidant enzymes. We further demonstrate that a pre-treatment with the BM extract from 50 μg/ml protected the dopaminergic SK-N-SH cell line against MPP+
and PQ-induced toxicity in various cell survival assays, prevented the depletion of
GSH, preserved the mitochondrial membrane potential and maintained the mitochondrial complex I activity. BM pre-treatment from 10.0 μg/ml also prevented the
PQ mediated generation of intracellular reactive oxygen species (ROS) and decreased the mitochondrial superoxide level. We further validated the involvement
of triterpenoid saponins Bacosides in the neuroprotection. By preserving the cellular redox homeostasis and promoting cell survival under oxidative stress BM extract
may have therapeutic uses in various age related neurodegenerative diseases such as
PD.

2137

NRF2 DEFICIENCY PREVENTS GLUCOSE
INTOLERANCE INDUCED BY A HIGH-FAT DIET IN
MICE.

Y. J. Zhang, K. C. Wu, J. Liu and C. D. Klaassen. University of Kansas Medical
Center, Kansas City, KS.
Both proteomic and microarray studies have indicated that Nrf2 is involved in fatty
acid metabolism in the liver. The current study examined the effect of Nrf2 activation on high-fat diet-induced obesity. Nrf2-null mice, wild-type (WT) mice, and
Keap1-knockdown (Keap1-kd) mice with enhanced activation of Nrf2, were fed either a high-fat Western diet (HFD) or a control diet for 12 weeks. The HFD-fed
mice gained approximately 11 g more weight than control mice, though no differences were observed between genotypes on either diet. However, Keap1-kd mice
had higher, whereas Nrf2-null mice had lower blood glucose levels than WT fed either the HFD or control diet. Both the nuclear accumulation of Nrf2 protein and
the mRNA expression of prototypical Nrf2-target genes suggested that HFD did
not markedly activate Nrf2 in livers of any of the three genotypes of mice. These
data suggest that Nrf2 is not directly involved in regulating fatty acid metabolism.
Screening the mRNA expression of genes involved in hepatic glucose and fatty acid
metabolism revealed that insulin-like growth factor binding protein 1 and 2 (Igfbp1 and -2), as well as fibroblast growth factor 21 (Fgf21) were markedly elevated in
livers of Nrf2-null mice, regardless of diet. Moreover, Fgf21 protein expression increased in Nrf2-null but decreased in Keap1-kd mouse livers. The mRNA of TNFα
and IL-1 was also higher in livers of Nrf2-null mice, which indicated the activation
of NF-κB. According to published data, increased expression of Fgf21, Igfbp-1, as
well as activation of NF- κB can all contribute to the lower blood glucose level observed in Nrf2-null mice. In conclusion, Nrf2 activity affected the cellular environment (i.e., oxido-reductive balance) in liver, which led to altered expression of key
metabolic factors, including Fgf21 and Igfbp-1, as well as inflammatory factors.
These changes contribute to differences in blood glucose levels in mice having various levels of Nrf2 activity. (This research is supported by NIH funding: DK081461, ES-019487, and ES-009649)
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THERAPEUTIC POTENTIAL OF NRF2 ACTIVATORS IN
STREPTOZOTOCIN-INDUCED DIABETIC MICE.

S. Whitman1, H. Zheng1, 2, W. Wu1, G. Wondrak1, P. Wong3, D. Fang4 and D.
D. Zhang1. 1Pharmacology & Toxicology, University of Arizona, Tucson, AZ,
2Endocrinology, Xinqiao Hospital, Third Military Medical University, Chongqing,
China, 3Aerospace-Mechanical Engineering, University of Arizona, Tucson, AZ and
4Pathology, Northwestern University, Chicago, IL.
Rationale—Diabetes is a disease with several secondary complications including
nephropathy, skeletal muscle atrophy and cardiomyopathy, many of which are
caused by oxidative stress in local tissues and throughout the vasculature. In the
current study, the therapeutic potential to alleviate diabetic symptoms and complications of the antioxidant transcription factor, Nrf2, was investigated. Methods—
Diabetes was induced in Nrf2+/+ and Nrf2-/- mice by streptozotocin (STZ) injection. Nrf2 activators, sulforaphane (SF) or cinnamic aldehyde (CA) were
administered 2 weeks after STZ injection and markers of diabetes including blood
glucose, insulin, polydipsia, polyuria, and weight loss were measured. Pathological
alterations, protein expression changes and oxidative damage in the kidney were
also determined. The molecular mechanisms of Nrf2 mediated protection were investigated in vitro using human renal mesangial cells (HRMCs). Results—SF or
CA significantly attenuated common metabolic disorder symptoms associated with
diabetes in Nrf2+/+ but not in Nrf2-/- mice, indicating SF and CA function
through specific activation of the Nrf2 pathway. Furthermore, SF or CA improved
renal performance and minimized pathological alterations in the glomerulus of
STZ-Nrf2+/+ mice only. Nrf2 activation reduced oxidative damage and suppressed
the expression of TGF-β1, extracellular matrix (ECM) proteins and p21 both in
vivo and in HRMCs. In addition, Nrf2 activation reverted p21-mediated growth
inhibition and hypertrophy of HRMCs under hyperglycemic conditions.
Conclusions—We provide experimental evidence indicating that dietary compounds targeting Nrf2 activation can be used therapeutically to improve metabolic
disorder and relieve renal damage induced by diabetes.

2139

TOO MUCH OF A GOOD THING: ENHANCED NRF2
ACTIVITY INCREASES OBESITY, STEATOSIS, AND
GLUCOSE INTOLERANCE.

V. R. More, J. Xu, P. Shimpi and A. L. Slitt. Biomedical and Pharmaceutical
Sciences, University of Rhode Island, Kingston, RI.
Nuclear factor-E2 related factor 2, Nrf2 is implicated in a variety of therapeutic applications because of its ability to combat oxidative stress. In addition to regulating
the expression of Phase-II biotransformation enzymes and transporters, Nrf2 also
regulates several transcription factors and enzymes involved in lipid biosynthesis.
Mixed findings are reported regarding the role of Nrf2 in contributing to adiposity
in liver and adipose tissue. The present study was conducted to determine whether
enhanced Nrf2 activity confers protection or augments diet-induced obesity, steatosis, and insulin resistance. C57Bl/6 and Keap1-Knockdown (Keap1-KD) mice,
which exhibit enhanced Nrf2 activity, were fed a high fat diet (HFD, 60% kcal) for
24 weeks from 3 weeks of age. Age-matched Keap1-KD mice had significantly
higher body mass, white adipose tissue mass, and hepatic triglyceride content as
compared to C57Bl/6 mice on HFD. Pathology findings indicated that the HFD
increased hepatic steatosis to a greater extent in Keap1-KD mice compared to
C57Bl/6 mice. In addition, the HFD resulted in liver and adipose tissue inflammation, which was not observed in C57BL/6 mice. Messenger RNA expression of
Ppar-γ, the master regulator of adipogenesis, was significantly increased in livers of
Keap1-KD mice, along with increased Cd36, Fabp4, and Lpl expression, which
shuttles TG deposition in liver, leading to steatosis. The HFD increased the protein
expression of lipogenic enzymes, such as acetyl CoA carboxylase-1, Steroyl CoA desaturase to a greater extent in Keap-KD mice compared to C57Bl/6 mice. Increased
Tnf and Mcp-1 mRNA expression was also observed in livers from Keap-KD mice
fed the HFD. The HFD decreased glucose tolerance to a greater degree in KeapKD mice compared to C57BL/6 mice, which was accompanied by down regulation
of insulin receptor substrate 1 and Glut-4 mRNA expression in skeletal muscle, as
well as Akt1 protein expression in liver. The data demonstrate that enhanced Nrf2
activity potentiates diet-induced obesity, fatty liver and diabetes.
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ANTIOXIDANT-ACTIVATED PI3K/AKT BLOCKS GSK3β
FROM REGULATING NRF2 EXPORT AND
DEGRADATION THAT ALLOWS UNIMPEDED NRF2
ACTIVATION OF CYTOPROTECTIVE GENE
EXPRESSION.

P. M. Shelton and A. K. Jaiswal. Pharmacology and Experimental Therapeutics,
University of Maryland, Baltimore, Baltimore, MD.
NF-E2-related factor 2 (Nrf2) is a transcription factor that regulates a battery of cytoprotective genes that are critical for the maintenance of cellular redox balance. In
the presence of oxidative stress Nrf2 disassociates from the negative regulator INrf2
(Keap1) and translocates into the nucleus where it coordinately induces the transcription of a battery of defensive genes that combat reactive oxygen species and
electrophiles. Subsequently, the Src-A subfamily kinase members Fyn, Src, Yes, and
Fgr phosphorylate Nrf2 at tyrosine 568, which triggers Nrf2 nuclear export and
degradation during the “post induction” phase. We have previously reported that
activation and nuclear accumulation of the Src-A subfamily are regulated by the upstream kinase, GSK3β. In this study, we investigated the upstream factors responsible for regulating stress-activated GSK3β in human hepatocellular carcinoma,
HepG2, cells. Here we demonstrate that one of the “early induction phase” responses to the antioxidant tert-Butylhydroquinone (t-BHQ) is the activation of the
PI3K/Akt pathway. Within 0.5-1hr of tBHQ treatment Akt was activated upon
being phosphorylated at S473 and T308, which allowed it to phosphorylate its substrate GSK3β at S9, resulting in the inhibition of GSK3β. In this inactive, closed
state GSK3β is unable to interact with and phosphorylate its substrate Fyn, thereby
preventing Fyn nuclear accumulation. Treatment of cells with the PI3K inhibitors,
Wortmannin or LY294002, or an Akt inhibitor blocked GSK3β S9 phosphorylation, which correlated with altered levels of Fyn and disrupted Nrf2 nuclear accumulation and activation. Together, this study demonstrates that the upstream
PI3K/Akt cascade inactivates GSK3β mediated Fyn localization, thereby enabling
Nrf2 to enter the nucleus unimpeded, where it can up-regulate cytoprotective gene
expression.
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ARSENIC INDUCES CHRONIC NRF2 ACTIVATION.

A. Lau, H. Wang and D. D. Zhang. Pharmacology and Toxicology,, Tucson, AZ.
The Nrf2-Keap1 signaling pathway is an endogenous protective mechanism promoting detoxification and cell survival against cellular stress and environmental insults. Previous research has demonstrated that the Nrf2-dependent defense response is imperative in protecting cells against arsenic toxicity. However, chronic
activation of Nrf2 has been shown to be present in many types of cancers, contributing to chemoresistance. Here, we demonstrate that arsenic-mediated Nrf2 activation is dependent on p62, a specific substrate of autophagy, and can be attenuated when expression of p62 is silenced by siRNA. This non-canonical Nrf2
pathway results in a chronic, sustained increase of Nrf2 activation. Moreover, we
demonstrate by live cell imaging that arsenic causes deregulation of autophagy,
specifically resulting in accumulation of autophagosomes and leading to colocalization of Keap1, p62, and LC3 (a marker of autophagosomes). Utilizing a tandem
RFP-GFP-LC3 construct, arsenic was shown to inhibit the later stages of autophagy, thereby affecting autophagic flux in in vitro models. Interestingly, the
aforementioned arsenic-induced effects on autophagy were reversible by sulforaphane, a well-characterized chemopreventive compound that specifically activates Nrf2 through the Keap1-mediated pathway. Collectively these findings provide experimental evidence that arsenic causes prolonged activation of Nrf2
through autophagy dysfunction, which may lead to a novel mechanism for arsenic
carcinogenicity in humans.

2142

INCREASE IN NRF2 CONTRIBUTES TO REDUCED
APOPTOSIS AND RESISTANCE TO AROMATASE
INHIBITORS.

R. Khatri, A. Brodie and A. K. Jaiswal. Pharmacology and Experimental
Therapeutics, University of Maryland, Baltimore, MD.
Breast Cancer is the leading cause of deaths in women. Excellent chemotherapeutic
drugs including aromatase inhibitors (AIs) are available to reduce or eliminate
breast cancer. However, there is often the problem of drug resistance. INrf2
(Keap1):Nrf2 serve as sensors of drugs and radiation-induced oxidative/electrophilic stress. INrf2 constitutively suppresses Nrf2 in the absence of stress by
functioning as an adapter protein for Cul3/Rbx1 mediated ubiquitination/degradation of Nrf2. Upon exposure to stress, Nrf2 is dissociated from INrf2, stabilized
and translocate to the nucleus and coordinately induce 200+ cytoprotective gene
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expressions. Studies showed that AI letrozole resistant breast cancer LTLT cells contain lower INrf2 and higher Nrf2 levels, as compared to drug sensitive MCF-7Ca
cells. The removal of letrozole from LTLT cells led to increase in INrf2, decrease in
Nrf2 and increased sensitivity to letrozole-induced death. Higher levels of Nrf2
were also observed in anestrozole resistant breast cancer AC1AnaR cells, as compared to sensitive AC1 cells. Further studies revealed that higher Nrf2-mediated activation of biotransformation enzymes, drug-transporters and anti-apoptotic proteins contributed to reduced efficacy of drugs and prevention of apoptosis that led
to drug resistance. Current studies are investigating the mechanism of AI-mediated
decrease in INrf2 gene expression. These together suggest that breast cancer cells
during persistent treatment with AI drugs generate ROS and electrophiles that signal INrf2 down regulation and Nrf2 activation leading to reduced cell death and
increased cell survival/drug resistance.

2143

INHIBITION OF PARAQUAT-INDUCED OXIDATIVE
STRESS, PROINFLAMMATORY CYTOKINE
EXPRESSION, AND FIBROBLAST-TOMYOFIBROBLAST TRANSFORMATION BY
RESVERATROL VIA THE NRF2 PATHWAY.

X. He1, L. Wang2, 3, G. Szklarz2 and Q. Ma1. 1TMBB/HELD, NIOSH,
Morgantown, WV, 2Department of Basic Pharmaceutical Sciences, West Virginia
University, Morgantown, WV and 3Department of Occupational and Environmental
Health, Wuhan University, Wuhan, China.
Paraquat (PQ) is a most widely used herbicide in the world. PQ selectively accumulates in the lungs and induces lung injury and fibrosis in humans. Redox cycling
has been linked with PQ pulmonary toxicity but no effective antidote is available.
Resveratrol (Res) is a natural phytoalexin with multiple functions including antioxidant, anti-inflammatory in animals and humans. In this study, we found that Res
at pharmacological doses effectively attenuated PQ-induced cell toxicity and fibrogenic response in human lung cells. PQ dose-dependently caused toxicity in normal
human bronchial epithelium BEAS-2B cells including increased cell death, oxidative stress, and loss of mitochondrial inner membrane potential. Res at 10 to 20 uM
markedly inhibited PQ toxicity. PQ at 10 uM induced transformation of normal
human lung fibroblast WI-38 cells into myofibroblasts, as shown by the de nova
synthesis of a-smooth muscle actin, and heightened production of inflammatory
cytokines TNFa and IL-6 and growth factor TGFb1. On the other hand, pre- or cotreatment with Res blocked the fibrogenic reactions to PQ. Mechanistic analyses revealed that Res activated the oxidant/antioxidant-activated receptor Nrf2 to induce
cytoprotective genes. Nrf2 was required for normal defense against PQ toxicity and
fibrogenic reactions as loss of Nrf2 significantly increased PQ toxicity, myofibroblast transformation, and cytokine expression. Finally, Nrf2 mediated the protective
response to PQ by Res because protection was lost in Nrf2-deficient cells. The
study demonstrated that Res prevents PQ-induced ROS production, inflammation, and fibrogenic reactions in cultured cells by activating Nrf2 signaling. The
findings provide new insights into the understanding and chemoprotection of PQ
lung toxicity and potential intervention through Nrf2-based mechanisms.

2144

INRF2 (KEAP1) AND NRF2 BOTH CONTROL BCL-2
AND CELLULAR APOPTOSIS.

S. K. Niture and A. K. Jaiswal. Pharmacology, University of Maryland, Baltimore,
MD.
Nrf2:INrf2 complex serves as a sensor of chemical and radiation-induced oxidative
stress. Under normal conditions, INrf2/Cul3-Rbx1 ubiquitin ligase complex constantly ubiquitinate and degrade Nrf2. When cells encounter stressor, Nrf2 is dissociated from INrf2/Cul3-Rbx1 complex, translocates in the nucleus and coordinately activate a battery of cytoprotective proteins that provide the critical
protection against oxidative stress, cellular transformation and neoplasia. However,
persistent exposure to stressors or mutational inactivation of INrf2/Cul3-Rbx1
complex cause nuclear accumulation of Nrf2 that leads to enhanced cell survival
and drug resistance. In this study, we demonstrate that antioxidant control of both
INrf2 and Nrf2 leads to increase in anti-apoptotic protein Bcl-2 that prevents
apoptosis and promotes cell survival and drug resistance. INrf2/Cul3/Rbx1 complex ubiquitinate and degrade Bcl-2 protein as observed with Nrf2. The DGR domain of INrf2 interacts with the BH2 domain of Bcl-2 and facilitates INrf2/Cul3Rbx1-mediated ubiquitination of Bcl-2 by the conjugation of ubiquitin molecules
to lysine17 of Bcl-2. Antioxidant t-BHQ antagonized INrf2:Bcl-2 interaction, led
to the release and stabilization of Bcl-2, increased Bcl-2:Bax heterodimers and reduced apoptosis. In addition, antioxidant-induced Nrf2 binds with an ARE located
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between nucleotides -3148 to -3140 on the reverse strand of Bcl-2 gene promoter
and increase Bcl-2 gene transcription leading to elevated levels of Bcl-2. The antioxidant control of INrf2 and Nrf2 led to increased Bcl-2 that decreased etoposide-mediated accumulation of Bax, release of cytochrome c from mitochondria
and activated caspase-3/7. These alterations led to significantly reduced DNA fragmentation and apoptosis. Together, these results provide the first evidence of INrf2
and Nrf2 control of anti-apoptotic protein Bcl-2 and apoptosis.

2145

NRF2 PROTECTS HUMAN AND MOUSE ALVEOLAR
EPITHELIAL CELLS AGAINST INJURY BY CIGARETTE
SMOKE.

B. Kosmider, E. M. Messier, H. Chu and R. J. Mason. National Jewish Health,
Denver, CO.
Oxidative stress caused by cigarette smoke (CS) directly causes lung injury and cell
death. The epithelium is the barrier between inhaled air, which contains the toxic
compounds in CS and the underlying tissue. Nuclear factor erythroid 2-related factor 2 (Nrf2) is the principle transcription factor that regulates expression of phase II
detoxifying antioxidant enzymes. We studied injury by cigarette smoke extract
(CSE) of human primary alveolar cells isolated from lung donors in vitro and Nrf2/- and wild-type C57Bl/6 mouse alveolar cells and lung tissue in vivo. We found
that CSE induces Nrf2 translocation to the nucleus in human primary alveolar type
I-like (ATI-like) cells. Moreover, Nrf2 overexpresion protected these cells against
injury by CSE and Nrf2 knockdown sensitizes these cells to CSE as detected by
propidium iodide and Hoechst 33342 double staining. We also found that necrosis
of ATI-like cells induced by CSE was prevented by the antioxidant compounds
NAC and trolox. Furthermore, we also studied lung injury by CS in Nrf2-/- mice
and wild-type C57Bl/6 mice in vivo. We found Nrf2 activation and induction of
Nrf2-dependent genes HO-1 and NQO1 by western blotting and real time-PCR
in alveolar type II cells isolated from wild-type mice but not from Nrf2-/- mice.
This suggests involvement of the Nrf2 pathway in protection against lung injury by
CS. Moreover, oral administration of NAC or trolox decreased expression of Nrf2
and Nrf2-dependent genes in the lung tissue of wild-type mice but not in Nrf2-/mice exposed to CS as detected by real time-PCR. Our results suggest Nrf2 protects
against CS-induced injury in human alveolar cells in vitro and in mice in vivo.
This work is supported by a Young Clinical Scientist Faculty Award to B. Kosmider
from the Flight Attendant Medical Research Institute.

2146

NRF2 DEFICIENCY ATTENUATES FAT
ACCUMULATION IN WHITE ADIPOSE TISSUE BY
INHIBITING SREBP1C TRANSCRIPTION IN
LEPOB/OB MICE.

J. Xu and A. Slitt. Biomedical and Pharmaceutical Sciences, University of Rhode
Island, Kingston, RI.
It is well described Nuclear factor erythoid 2-related factor 2 (Nrf2) regulates cellular electrophilic and oxidative stress in liver and kidney. While our recent findings
along with others indicate Nrf2 pathway is inducible in adipose tissue. Nrf2 signaling is enhanced in obese and diabetic animal models, and the transcriptional levels
of Nrf2, Nqo1 and Gclc was induced by fating, suggesting Nrf2 signaling plays key
roles in regulating glucose and lipid metabolism. However the exact function of
Nrf2 on lipid metabolism is still ambiguous. CDDO-Imidazolide induced Nrf2 activation prevented high fat diet (HFD)-induced obesity, decreased hepatic fat accumulation and lipogenic gene expression (Zhang. YK, 2010). In contrast, recent
work from Pi et. al illustrated Nrf2-null mice displayed less fat mass and smaller
adipocytes formation, protection against weight gain and obesity (Pi. et. al., 2010).
In the current study, we generated the double knockout mice of Nrf2 deficiency in
leptin mutant mice (Lepob/ob). Deficiency of Nrf2 attenuated fat accumulation to
white adipose tissue, described by less fat mass and decreased rate of fat gain in
Lepob/ob mice. The decreased fat accumulation may be explained by suppression
of lipogenic gene expression, PPARγ, C/ebpα, and HSL in white adipose tissue.
Deficiency of Nrf2 attenuated the induction of Srebp1c by obesity in white adipose
tissue, and subsequently blocked the induction of FAS, ACC-1, and SCD-1.
Double knockout mice deposited less fat (triglyceride) in livers, suggesting Nrf2 deficiency prevented hepatic steatosis and fatty liver process in Lepob/ob mice.
However Nrf2 deficiency impaired glucose tolerance and more severe diabetic status, which displayed higher hyperinsulinmia and hypertriglyceridemia in Lepob/ob
mice. Overall, Nrf2 deficiency attenuated fat accumulation to adipose tissue; this
attenuation may mediate by decreased Srebp1c transcriptional levels and the decreased lipid synthesis.

2147

MAP KINASES REGULATE NITROGEN MUSTARDINDUCED ACTIVATION OF DAMAGE-ASSOCIATED
MOLECULAR PATTERNS IN MURINE
KERATINOCYTES.

H. Kim1, Z. Paras1, M. P. Shakarjian1, J. D. Laskin2 and D. E. Heck1.
1Environmental Health Science, New York Medical College, Valhalla, NY and
2Environmental and Occupational Medicine, University of Medicine and Dentistry of
New Jersey, Robert Wood Johnson Medical College, Piscataway, NJ.
Exposure to chemical vesicants results in inflammation and blistering in the skin.
To investigate mechanisms underlying these responses, we evaluated the effects of
the nitrogen mustard vesicant 2-chloro-N-(2-chloroethyl)-N-methylethanamine
(HN2) on cellular signaling pathways initiated by endogenous molecules released
by dying cells, damage-associated molecular patterns (DAMP). Proteins active in
DAMP signaling include members of the toll-like receptor (TLR), TLR adaptor
protein, and NOD-like receptor (NLR) families. Using RT-qPCR, we found concentration- and time related increases in mRNAs for TLR’s 2, 3, 6, 7 and 8 following treatment of PAM 212 murine keratinocytes with 1-30 microM HN2.
Increases in TLR mRNA’s ranged from 4-15 fold, reached maximal levels by 24 hr
and persisted for 72 hr. HN2 also increased TLR adaptor protein mRNA for
TRAF6 (10-fold) and MyD88 (4-fold), and NOD2 (13-fold), maximal responses
were observed after 12 hr. HN2 also increased mRNA’s down stream of DAMP including COX2, IL-1beta, NF-KB and PPARgamma, maximal effects were evident
24-72 hrs after HN2 treatment. Taken together these data indicate that DAMP signaling is altered in response to HN2 in a process mediated by TLR and NOD. In
further studies, SB203580, a p38 MAP kinase inhibitor, was found to suppress
HN2-induced expression of MyD88, TRAF6 and NOD2 indicating that MAP kinases regulate DAMP responses to HN2. We speculate that DAMP signaling is important in vesicant-induced skin toxicity and that regulation of DAMP by MAP kinases may be important in modulating HN2-induced injury in the skin.(With
support by AR055073)

2148

MULTIPLEXED HIGH-CONTENT SCREENING
REVEALS THAT CIGARETTE SMOKE CONDENSATEALTERED CELL SIGNALING PATHWAYS ARE
ACCENTUATED THROUGH FAK INHIBITION IN
HUMAN BRONCHIAL CELLS.

C. A. Carter. Life Sciences, Lorillard Tobacco Company, Greensboro, NC.
Bronchial cells are one of the primary cell types affected by inhaled particulates.
Treatment of immortalized human bronchial epithelial cells (BEAS-2B) with cigarette smoke condensate (CSC) disrupted the F-actin cytoskeleton, and decreased
cell spreading and motility (Carter and Hamm, 2009). The current study sought to
further elucidate the mechanisms by which these changes occurred. We hypothesized that CSC activated the tyrosine kinase proteins focal adhesion kinase (FAK)
and paxillin along with mitogen-activated protein kinases (MAPKs) in BEAS-2B
cells. Analysis was done using multiplexed high-content screening and Western
blots. When BEAS-2B cells were treated with 20-100 μg/ml CSC for 1 hour, FAK
staining and phosphorylation increased until the 100 μg/ml CSC dose was reached.
CSC induced an increase in F-actin disruption but FAK inhibition alone, using
FAK inhibitor NSC 667249, caused a collapse of actin aggregates to the cell periphery, but FAK inhibition combined with CSC caused actin aggregates to distribute throughout the cells. CSC treatment of BEAS-2B cells showed a dose-dependent increase in activation of c-Jun and the MAPKs c-Jun N-terminal kinase (JNK),
extracellular-signal-regulated kinases (ERK) and p38. Inhibition of FAK phosphorylation combined with CSC treatment increased p38 and ERK at 1 hr and 24
hours along with a decrease in cell number and motility. FAK, ERK and p38 phosphorylate the focal adhesion protein paxillin. CSC treatment increased phosphorylation of paxillin, while inhibition of FAK combined with CSC treatment further
increased paxillin phosphorylation at the 20 and 40 μg/ml CSC doses. CSC activated FAK, paxillin and MAPK pathways and concurrently altered morphology in
BEAS-2B cells. FAK inhibition combined with increasing CSC doses increased activation of signaling proteins involved in disease with a concurrent decrease in cell
number and cell motility.

2149

EXPRESSION OF STEROID SULFATASE INDUCES WNT
SIGNAL PATHWAY AND CELL MIGRATION IN HUMAN
PROSTATE CANCER CELLS.

H. Im, N. Park, C. Seong, J. Jeong, Y. Kwon and Y. Chun. College of Pharmacy,
Chung-Ang University, Seoul, Republic of Korea. Sponsor: T. Jeong.
Steroid sulfatase (STS) is responsible for the conversion of estrone sulfate to estrone
that can stimulate growth in endocrine-dependent tumors such as prostate cancer.
Although STS is considered as a therapeutic target for the estrogen-dependent dis-

eases, the cellular function of STS are still not clear. Here, we found that treatment
with bacterial lipopolysaccharides (LPS)-induced STS expression in concentrationand time-dependent manners in human prostate cancer PC-3 cells. We found that
LPS-induced STS mRNA expression was suppressed by NF-kB inhibitors such as
Bay 11-7082 and Bortezomib. To determine whether IkBe is involved in NF-kBdependent STS expression, the effect of IkBe siRNA was elucidated. Western blot
and RT-PCR analyses followed by vector-mediated overexpression of STS cDNA
showed that STS expression induced Wnt signal pathway through increased level of
cyclin D1, b-catenin and MMP7. We determined that STS overexpression induced
tumor cell migration by using wound healing assay. Tumor cell migration was suppressed by knockdown of STS and recovered by LPS. These data suggest that STS
expression induces Wnt signal pathway and tumor cell migration in PC-3 cells.

2150

IDENTIFICATION OF A NOVEL PATHWAY INVOLVED
IN THE NEGATIVE REGULATION OF
METALLOTHIONEIN TRANSCRIPTION.

J. H. Freedman and J. Hall. NIEHS, Durham, NC.
Analysis of transcriptome data from multiple species indicate that exposure to the
carcinogenic metal cadmium alters the expression of hundreds of genes that are regulated by multiple signal transduction pathways, many of which remain to be defined. In response to cadmium, cells increase the expression of highly conserved,
small, cysteine-rich metal-binding proteins known as metallothioneins (MTs),
which function in metal detoxification. The nematode C. elegans has two MT
genes: mtl-1 and mtl-2. To identify regulatory factors and pathways that control
metal-inducible mtl-1 transcription, integrated transgenic strains of C. elegans containing GFP under the control of the 5’-regulatory region of mtl-1 were constructed, pmtl-1::GFP. Transgenic strains constitutively express GFP in the pharynx
and following cadmium exposure, express GFP in the intestine. In a reverse genetic
screen, genes involved in various stress response pathways were tested for their potential role in controlling mtl-1 expression. Increased GFP expression was observed
when either pdk-1 was knocked out or the simultaneous knock out of akt-1 and
akt-2. AKT-1 is a serine/threonine kinase involved in the insulin signaling pathway
which complexes with AKT-2 to regulate transcription of downstream factors and
directly interacts with PDK-1. Interestingly, mtl-1 transcription was not affected
when other insulin signaling pathway genes were knocked out suggesting that
PDK-1 and the AKT-1/2 complex act independently of this pathway to control
mtl-1 transcription. To identify other transcriptional regulators, genes involved in
various MAPK pathways were tested. A deletion mutant of atf-7, a negative transcription factor involved in the JNK/p38 pathway, resulted in an increase in GFP
expression. Additionally, the atf-7 mutant failed to complement an EMS mutant
isolated from a forward genetic screen. PMK-1 regulates ATF-7 and the loss of
pmk-1 results in a decrease in mtl-1 expression, as determined through qRT-PCR.
Pathway analysis indicates that ATF-7 and PMK-1 regulate cadmium-inducible
MT transcription downstream of PDK-1 and AKT-1/2.

2151

REGULATION OF MnSOD BY THE AHR AGONIST
PCB126: THE ROLE OF DIETARY MANGANESE.

B. Wang1, 2, B. R. Wels4, W. D. Klaren1, K. Wang3, L. W. Robertson1, 2 and G.
Ludewig1, 2. 1Human Toxicology, University of Iowa, Iowa City, IA, 2Occupational
and Environmental Health, University of Iowa, Iowa City, IA, 3Biostatistics,
University of Iowa, Iowa City, IA and 4Iowa Hygienic Lab., Iowa City, IA.
PCB126 is the most potent aryl hydrocarbon receptor (AhR) agonist among all
polychlorinated biphenyls, which are persistent organic pollutants. PCB126 has
been shown to increase reactive oxygen species including superoxide radicals in vivo
and in vitro. MnSOD is one of the most efficient antioxidant enzymes, converting
superoxide to hydrogen peroxide. However, its activity was reduced by PCB126,
thereby probably aggravating the oxidative stress. To elucidate the mechanisms of
PCB126’s modulation of MnSOD expression, we conducted dose- and time-response and a manganese dietary study of PCB126 effects in male Sprague Dawley
rats. The expression and activity of hepatic MnSOD was determined. Several
redox-sensitive transcription factors of MnSOD as well as post-translational modifications of the protein were also studied. The results show a dose-and time-dependent elevation of MnSOD mRNA and protein. The transcriptional induction
of MnSOD is consistent with an observed increase of Nrf2 binding activity and the
direct binding of AhR to the promoter region of MnSOD, which contains two core
XRE sequences. However, MnSOD activity was reduced by PCB126, which could
not be accounted for by acetylation, nitration or phosphorylation of the protein.
Dietary Mn supplementation enhanced the increase in MnSOD mRNA but did
not reverse the loss of its activities by PCB126, even though it significantly reduced
the PCB126-driven liver hypertrophy. Mn supplementation also elevated the Mn
concentration in the liver, which was nevertheless decreased by PCB126 both in the
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whole liver and in liver mitochondria. In conclusion, we discovered that the complex regulation of hepatic MnSOD expression by PCB126 occurred at both transcriptional and post-translational levels. Mn supplementation is protective, although far from complete, against PCB126-induced toxicities. (Supported by
NIEHS P42 ES013661 and DAMD17-02-1-0241)

2152

EVALUATION OF PERFLUOROALKYL ACID ACTIVITY
USING PRIMARY MOUSE AND HUMAN
HEPATOCYTES.

M. B. Rosen1, K. P. Das2, C. R. Wood2, C. J. Wolf2, B. D. Abbott2 and C.
Lau2. 1Integrated Sys Biol, NHEERL, ORD, US EPA, Research Triangle Park, NC
and 2Toxicity Assessmemt, NHEERL, ORD, US EPA, Research Triangle Park, NC.
While perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) have
been studied at length, less is know about the biological activity of other environmental perfluoroalkyl acids (PFAAs). Using a transient transfection assay developed
in COS-1 cells, our group has previously evaluated a variety of PFAAs for activity
associated with activation of peroxisome proliferator-activated receptor alpha
(PPARα). Here we use both mouse and human primary heptatocytes to further assess the biological activity of a similar group of PFAAs using custom designed
Taqman Low Density Arrays. Commercially available primary mouse and human
hepatoyctes were cultured for 48 hours in the presence of varying concentrations of
12 different PFAAs or Wy14,643, a known activator of PPARα. Total RNA was
collected and the expression of 48 mouse or human genes was evaluated. Gene selection was based on either in-house liver microarray data (mouse) or published
data using primary hepatocytes (human). Gene expression in primary mouse hepatocytes was more restricted than expected. The expression of genes typically regulated in whole tissue by PPARα agonists, such as Acox1, Me1, Acaa1a, Hmgcs1,
and Slc72a1 was not altered in mouse cells. Cyp2b10, a gene regulated by the constitutive androstane receptor and a transcript normally up-regulated by in-vivo exposure to PFAAs, was also unchanged in mouse cells. Cyp4a11, Ehhadh, Pdk4,
Cpt1b, and Fabp1 were regulated as expected in mouse cells. In human primary hepatocytes, changes in gene expression were not robust making the determination of
dose response across a wide group of genes and compounds difficult. This likely reflects weaker activation of PPARα in human versus rodent cells. Unlike mouse
cells, CYP2B6 was up-regulated in human primary hepatocytes by certain PFAAs as
was PPARδ. Ranking of biological activity was determined based on a limited list of
responsive genes and contrasted to data collected from COS-1 cells. (This abstract
does not reflect US EPA policy.)

2153

ARYL HYDROCARBON RECEPTOR KNOCKOUT RATS
ARE INSENSITIVE TO THYMIC ATROPHY, CHANGES
IN LIVER WEIGHT AND AHR-MEDIATED GENE
INDUCTION FOLLOWING ACUTE TCDD EXPOSURE.

J. A. Harrill1, R. Budinsky2, J. Rowlands2 and R. S. Thomas1. 1Institute for
Chemical Safety Sciences, The Hamner Institutes for Health Sciences, Research
Triangle Park, NC and 2Dow Chemical Company, Midland, MI.
2,3,7,8-tetrachlorodibenzodioxin (TCDD) has been shown to produce both hepatocellular carcinomas and cholangiocarcinomas in 2-year cancer bioassays performed using the Sprague Dawley outbred rat model. Aryl-hydrocarbon (AhR) activation is a key event in the tumor promotion Mode-of-Action (MOA) for
TCDD, although data gaps remain regarding how sustained AhR activation culminates in cellular and histopathological changes leading to liver tumors in rodents.
To examine the contribution of AhR activation in liver carcinogenesis, we have developed an AhR-knockout rat model on the Sprague-Dawley outbred background.
The knockout was generated by targeting exon 2 within the AhR gene using zincfinger nuclease (ZFN) technology. The ZFN knockout produced two different rat
lines containing either a 2-bp or 29-bp deletion in AhR exon 2. Breeding pairs heterozygous (HET) for either AhR mutation were established in order to generate homozygous knockout (KO) and wild-type (WT) individuals with similar genetic
backgrounds. qRT-PCR demonstrated that WT and KO animals express AhR
mRNA. In contrast, Western blot analysis confirmed that WT animals express the
96 kDa AhR receptor, whereas KO animals do not. To test for loss of functional
AhR activity in the KO, female AhR WT, 2-bp and 29-bp KO animals were treated
with a single oral dose of either corn oil vehicle or 25 μg/kg TCDD and sacrificed
7 days later (n=3-4 / group). TCDD exposure decreased thymus:body weight ratio
and increased liver:body weight ratio in WT animals, with no effects in either 2-bp
or 29-bp KO animals. In addition, TCDD exposure resulted in induction of
CYP1a1, CYP1a2, CYP1b1 and Ahrr mRNA in WT animals, but not in either 2bp or 29-bp AhR KO animals when compared to controls. These data support that
AhR knockout animals lack a functional AhR receptor and may be an appropriate
tool for investigating the role of AhR in TCDD-induced liver carcinogenesis.
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COMPARISON OF GENOME-WIDE GENE EXPRESSION
IN TCDD-EXPOSED C57BL/6 MICE AND SPRAGUE
DAWLEY RATS.

R. Nault, S. Kim and T. R. Zacharewski. Biochemistry & Molecular Biology, Centre
for Integrative Toxicology, Michigan State University, East Lansing, MI.
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) is a ubiquitous environmental pollutant that exerts most of its effects through the aryl hydrocarbon receptor (AhR).
Although the structure and function of the AhR are conserved, emerging evidence
suggests downstream effects are species-specific. In this study, rat hepatic gene expression data available from the DrugMatrix database (National Toxicology
Program) were compared to a mouse hepatic whole-genome gene expression
dataset. For the DrugMatrix dataset, male Sprague Dawley rats were gavaged daily
with 20μg/kg TCDD for 1, 3 and 5d while the female C57BL/6 ovx mouse data set
involved a single gavage at 30μg/kg for 1, 3 and 7d. Using the same data analysis,
932 mouse and 649 rat genes (|fold change|>1.5, P1(t)>0.99) were differentially expressed. HomoloGeneID identified 11654 orthologous genes represented across
the rat Affymetrix 230 2.0 GeneChip (12310 total orthologs), and mouse 4x44K
v.1 Agilent oligonucleotide array (17578 total orthologs). Comparative analysis
found 584 and 525 orthologs differentially expressed in the mouse and rat, respectively. Thirty-five responses were in common to both species that exhibited similar
patterns of expression and functionally associated with lipid metabolism, immune
function, transcription, and metal/ion binding. However, the transcription factor
Nfe2 involved in cell-cell signalling was divergently expressed (induced in rat; repressed in mouse). Functional analysis of species-specific responses identified genes
involved in lipid metabolism, immune response and carbohydrate metabolism in
mice while rat-specific responses were associated with transcriptional and cell cycle
regulation and carbohydrate metabolism. These results provide further evidence
that TCDD elicits species-specific effects mediated by the AhR. Funded by SRP
P42ES04911.

2155

ALTERATION OF GENE EXPRESSION PROFILES AND
CYTO-GENOTOXIC EFFECTS INDUCED BY
EXPOSURE OF PCB153 TO A HUMAN B
LYMPHOBLASTOID CELL LINE.

J. Lou, P. Song, L. Jin, D. Xu and N. Wu. Institute of Hygiene, Zhejiang Academy
of Medical Sciences, Hangzhou, Zhejiang Province, China. Sponsor: L. Fu.
Polychlorinated biphenyls (PCBs) are ubiquitous, persistent pollutants found in the
environment and human tissues. Exposure to PCBs is of great concern to human
health because they have various deleterious effects, e.g, neurotoxic, reproductive
abnormalities, endocrine disruption, including cancers. In the present study, a
human B lymphoblastoid cell line was exposed to three doses (25, 100, 200 μM) of
non-coplanar 2,2’,4,4’,5,5’-hexachlorobiphenyl (PCB-153) for 24 h, and the gene
expression profiles was analyzed using Illumina Human HT-12 expression beadchips. After adjusting for background and housekeeping genes, genes with different
expression between the exposure and control groups were determined by cluster
analysis, and further confirmed by real-time RT-PCR, and the expression of differential genes was also studies when the cells were exposed to the same doses of
PCB153 for 4h and 48h. In addition, the cell viabilities and DNA damage induced
by PCB153 was detected with CCK-8 and comet assays. Our results indicated that
the expression of 1 gene was up-regulated and that of 7 genes was down-regulated
in all three exposure groups for 24 h, and three of them were confirmed by real time
PCR in 4 h, 24 h, and 48 h exposure groups, and also a time-dependent effect was
found. However, the expression of 18 genes was up-regulated and that of 63 genes
was down-regulated in the mediate and highest dose groups. The results of CCK-8
assay showed that exposure to 200 μM of PCB153 for 24 h could result in significant decrease of cell viability, but the cell viabilities decreased significantly at all
three exposure groups when the exposure time was extended to 48 h. However, no
significant DNA damage was induced by even the highest dose of PCB153. These
genes could be used as molecular biomarkers for local residents exposed to PCBs,
but it should be validated in the further well-designed population investigations.

2156

CYP1B1 MEDIATES EFFECTS OF BOTH PAHS AND
ENDOGENOUS CHEMICALS ON HEMATOPOIETIC
PROGENITORS IN BONE MARROW.

M. Larsen1, A. N’jai2, T. Tong1, J. Bushkofsky2, C. J. Czuprynski2, 3, 4 and C. R.
Jefcoate1, 2. 1Cell and Regenerative Biology, University of Wisconsin-Madison,
Madison, WI, 2Molecular and Environmental Toxicology Center, University of
Wisconsin-Madison, Madison, WI, 3Food Research Institute, University of WisconsinMadison, Madison, WI and 4Pathobiological Sciences, University of WisconsinMadison, Madison, WI.
Bone marrow (BM) hematopoietic stem cells differentiate to lymphoid, myeloid
and erythroid lineages. Common lymphoid progenitors (CLP) emigrate to the thymus to form T cells, or differentiate into immature B cells that mature in the
spleen. We provide evidence that in vivo suppression of BM progenitor cells by a
single dose of 7,12-dimethylbenz(a)anthracene (DMBA) or benzo(a)pyrene (BP)
subsequently decreases lymphoid populations in BM, spleen and thymus. Colony
forming assays show that DMBA extensively suppressed BM lymphoid and
myeloid progenitors within 6h. BP was impaired due to an early selective recovery.
These relationships are profiled using congenic C57Bl/6j mice, Cyp1b1-/- or PAHresistant Ah Receptor (AhR) d-type alleles. This acute suppression of BM progenitors by DMBA depends on constitutive Cyp1b1, but not on AhR, which mediates
the selective BP recovery. Rapid DMBA-mediated BM progenitor changes preceeded coordinate losses (48-168h) in total lymphocyte populations in BM, spleen
and thymus, initially without affecting the ratios of lymphoid sub-populations.
Thus, suppression and recovery of CLP in BM appears sufficient to account for
changes in total lymphocytes by preventing their re-population by progenitor cells.
Micro-array analyses on BM cells 6-24h after in vivo treatment by DMBA and BP
identify AhR-mediated effects, equivalent to TCDD. Many AhR-mediated responses are selective to BP, transient and mediated by Cyp1a1. An extra set of
changes depends on Cyp1b1, in absence of PAHs, indicating constitutive changes.
Flow analyses of BM and thymus progenitor cells will compare Cyp1b1-mediated
constitutive and PAH-mediated changes from direct AhR-mediated effects of
TCDD.

2157

REGULATION OF XENOBIOTIC TRANSPORTERS IN
MOUSE KIDNEYS BY PERFLUOROCARBOXYLIC
ACIDS.

X. Cheng and C. D. Klaassen. Pharmacology, University of Kansas Medical Center,
Kansas City, KS.
In recent years, perfluorochemicals have attracted great attention due to their persistence in the environment, detection in human tissues, and toxicities noted in the
laboratory animals. Transporters play important roles in the disposition of chemicals. We previously reported that PFDA in mouse liver decreased organic anion
transporting polypeptides (Oatps) but increased multidrug resistance-associated
proteins (Mrps). However, it is not known whether perfluorochemicals similarly
regulate transporters in kidney. Therefore, the present study was conducted to determine whether perfluorooctanoic acid (PFOA), perfluorononanoic acid (PFNA),
and perfluorodecanoic acid (PFDA) alter the mRNA of 38 critical transporters in
kidneys of mice. The data showed that a single intraperitoneal administration of
PFOA, PFNA, or PFDA (0.1 mmol/kg) did not cause any apparent histological
changes in mouse kidneys. PFOA did not alter the mRNA of most of the transporters in mouse kidneys, but decreased the mRNA of Oat2, Oatp1a1, Octn1,
Ent2, Npt2b, and Mrp6. PFNA and PFDA both decreased the mRNA of basolateral uptake transporters from blood (Oat1, 2, and Oct2), apical efflux transporters
into the filtrate (Bcrp and Mate1), apical reabsorption transporters from the filtrate
(Npt1, Npt2b, Npt2c, Oat2, Oat5, Oatp1a1, Oatp1a4, Oatp1a6, and Octn1), and
basolateral efflux transporters into blood (Ent2, Mrp6, and Ostα/β). In contrast,
PFNA and PFDA increased the mRNA of Mdr1b, Slc2a9, Cnt1, Abca1, and Mrp4
transporters in kidneys. Moreover, PFNA increased PPARα mRNA 70%, but
PFOA and PFDA did not. PFOA and PFDA decreased CAR mRNA 50 and 65%
in kidneys, respectively. In conclusion, the three perfluorocarboxylic acids did not
cause renal injury, but they altered mRNA of xenobiotic transporters in mouse kidneys. (Supported by NIH grants DK-081461, ES-019487, and ES-009649.)
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METHYSTICIN AND 7, 8-DIHYDROMETHYSTICIN
ARE TWO MAJOR KAVALACTONES IN KAVA EXTRACT
TO INDUCE CYP1A1.

L. Guo, H. Mei, Q. Wu, S. Zhang, J. Fang, L. Shi and Y. Li. NCTR, Jefferson,
AR.
Kava is a plant traditionally used for making beverages in Pacific Basin countries
and has been used for the treatment of nervous disorders in United States. The
pharmacological activity of kava is achieved through the kavalactones in kava ex-

tract, which include kawain, 7,8-dihydrokawain, yangonin, 5,6-dehydrokawain,
methysticin, and 7,8-dihydromethysticin. Recent studies have shown that kava extract induces hepatic CYP1A1 enzyme, however, the mechanisms of CYP1A1 induction have not been elucidated, and the kavalactones responsible for CYP1A1 induction have not yet been identified. Using a combination of biochemical assays
and computational tools, we determined the functions of kava extract and kavalactones and delineated the underlying mechanisms involved in CYP1A1 induction.
The results showed that kava extract displayed a concentration-dependent effect on
CYP1A1 induction. Among six major kavalactones, methysticin triggered the most
profound inducing effect on CYP1A1 followed by 7,8-dihydromethysticin. The
other four kavalactones did not show significant effects. Consistent with the experimental results, in silico molecular docking studies based on the aryl hydrocarbon
receptor (AhR)-ligand binding domain homology model also revealed lower binding energies of methysticin and 7,8-dihydromethysticin compared to the remaining
kavalactones. Additionally, results from a luciferase gene reporter assay suggested
that kava extract, methysticin and 7,8-dihydromethysticin were able to activate
AhR signaling pathway. Moreover, kava extract-, methysticin-, and 7,8-dihydromethysticin- mediated CYP1A1 induction was blocked by an AhR antagonist
and abolished in AhR-deficient cells. These findings suggest that kava extract induces the expression of CYP1A1 via the AhR-dependent mechanism, and that
methysticin and 7,8-dihydromethysticin contribute to the CYP1A1 induction.

2159

THE CORE PROMOTER AND REDOX-SENSITIVE CISELEMENTS AS KEY TARGETS FOR INACTIVATION OF
THE LYSYL OXIDASE GENE BY CADMIUM.

Y. Zhao, J. Zhou, S. Gao, P. Toselli and W. Li. Biochemistry, Boston University
School of Medicine, Boston, MA.
Long–term exposure of humans to cadmium (Cd), a toxic metal either from environmental contamination or from cigarette smoke, often induces lung emphysema
and cancers. Lysyl oxidase (LO), a copper-dependent enzyme essential for
crosslinking of the extracellular matrix, displays antagonistic effects on emphysema
pathogenesis and carcinogenesis. Our previous studies showed downregulation of
LO at mRNA levels in Cd-resistant (CdR) rat fetal lung fibroblasts (RFL6) following long-term Cd exposure. The cloned rat LO gene promoter -1/-804 (relative to
ATG) free of the TATA box with the maximal promoter activity contains an InrDPE core promoter, four putative hypoxia response elements (HRE), two putative
metal response elements (MRE) and one putative antioxidant response elements
(ARE). ChIP assays reported here further characterize the rat LO gene promoter in
response to Cd in an effort to understand mechanisms for Cd inactivation of the
LO gene. CdR cells with different degrees of Cd-resistance exhibited enhanced
methylation of CpG at the LO Inr-DPE region, inhibited hypoxia inducible factor
1 (HIF1) binding to the LO HRE as cells treated with CoCl2 that mimics hypoxia
conditions in cultured cells, and MRE-binding transcription factor-1 (MTF-1)
binding to the LO MRE, but increased NF-E2-related factor 2 (NrF2) binding to
the LO ARE in a dose-dependent manner. The collective effect of these factors in
response to Cd is trans-inhibition of the LO gene as shown by suppression of histone H3 acetylation in the LO core promoter region, a marker for gene activation.
Thus, the core promoter and redox-sensitive cis-elements are key targets for Cd insult to the LO gene consistent with Cd-induced oxidative stress in the biological
system, a key basis for Cd-induced emphysema and cancers in the lung. (supported
by NIEHS 011340 and Philip Morris ERP).
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HYPOXIA PERTURBS PCB-INDUCED ARYL
HYDROCARBON RECEPTOR SIGNALING.

S. U. Vorrink and F. E. Domann. Interdisciplinary Graduate Program in Human
Toxicology, Department of Radiation Oncology, University of Iowa, Iowa City, IA.
The aryl hydrocarbon receptor (AhR) pathway controls cellular responses to exposures of foreign substances by activating genes that aid in xenobiotic metabolism.
The ligand-activated AhR forms a heterodimer with its binding partner aryl hydrocarbon nuclear translocator (ARNT) and subsequently induces the transcription of
genes such as CYP1A1, a member of the cytochrome P450 family and a phase I
detoxifying enzyme. Notably, ARNT proteins also dimerize with hypoxia-inducible
factors (HIF) which mediate the cellular response to low oxygen (hypoxia). During
hypoxia, HIF:ARNT heterodimers form and activate the transcription of genes
that promote cell survival in low oxygen environments. Since HIF and AhR share a
common subunit, ARNT, the possibility for signaling crosstalk exists at this axis.
We hypothesized that hypoxic conditions cause HIF to sequester ARNT and thus
inhibit the activation of a robust AhR transcriptional response in response to a
polychlorinated biphenyl (PCB) AhR ligand. To test this hypothesis we queried several human cell lines for their responses to PCBs. Our results indicate that CYP1A1
mRNA expression, measured by quantitative real time-PCR, was induced by
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3,3’,4,4’,5-pentachlorobiphenyl (PCB 126) in an AhR-specific manner. 2,3,7,8Tetrachlorodibenzo-p-dioxin (TCDD) was used as a positive control. Exposure of
the cells to hypoxia (1% O2 for 8 hours) significantly inhibited the induction of
CYP1A1 mRNA by up to 74%. CYP1A1 promoter:luciferase reporter assays to
measure the transcriptional activities of AhR complexes further demonstrated a
75% inhibition of AhR-mediated luciferase expression following hypoxia treatment. Taken together, these data reveal that hypoxia significantly inhibits the induction of CYP1A1 after PCB 126 exposure and that hypoxia interferes with AhRmediated transcriptional responses to PCBs. Our future studies will investigate the
mechanistic nature of this crosstalk by analyzing the binding of AhR to CYP1A1
xenobiotic response element (XRE)-sequences after PCB exposure in normoxia and
hypoxia.

2161

COMPARISON OF MICROARRAY GENE EXPRESSION
PROFILES CORRESPONDING TO XENOBIOTIC
RESPONSES TO OXIDATIVE STRESSES INDUCED BY
IONIZING RADIATION AND BENZENE TREATMENT.

Y. Hirabayashi1, G. Li1, K. Igarashi1, J. Kanno1, J. Yodoi2 and T. Inoue3, 4, 5.
1Division of Cellular & Molecular Toxicology, Center for Biological Safety & Research,
National Institute of Health Sciences, Tokyo, Japan, 2Virus Research Institute, Kyoto
University, Kyoto, Japan, 3Department of Function & Structural Medicine, Nihon
University School of Medicine, Tokyo, Japan, 4Center for Biological Safety & Research,
National Institute of Health Sciences, Tokyo, Japan and 5Drug Evaluation Agency for
Pharmaceuticals and Medical Devices, Tokyo, Japan.
To characterize global gene expression profiles corresponding to xenobiotic responses induced by ionizing radiation (IR) and benzene (Bz), we compared two different categories of gene expression profiles: i.e., one corresponds to common gene
expression profiles (CEG) selected by one-way analysis of variance and/or the
Welch-t-test, and the other to stochastic gene expression profiles (SEG) selected by
principal component analysis. Because both IR and Bz are known to be oxidativestress inducers and leukemogens, alterations of oxidative-stress-related gene expressions of bone marrow cells were focused on 4 weeks after the last treatment with IR
or Bz: the IR group (5 mice) was irradiated with 3 Gy of 137Cs-gamma-ray
whereas the Bz group (5 mice) was intermittently treated with 150mg/kg b.w./day
Bz for two weeks by gavage. Oxidative-stress-related genes that showed altered expression levels following the treatments were selected from an existing database, i.e.,
151 (CEG, 34; SEG, 117) genes for the IR group and 182 (CEG, 32; SEG, 150)
genes for the Bz group. Pathway analysis using these gene profiles and their expression levels in each mouse revealed the same pathways in 5 mice in each group, i.e.,
the NFkB and MAP kinase-cascade for the IR group, and the Akt regulatory pathways including NFkB for the Bz group. Interestingly, in these pathways, SEG signals merged with a CEG and redistributed to SEGs. Moreover, different MAP kinase genes were included in each of these gene profiles:
MAPK9/MAP2K3/MAP3K1/MAP3K4/MAP3K5 for the IR group and
MAPK3/MAPK13/MAP3K2/MAP3K3 for the Bz group. In conclusion, different
molecules within the same functional category were used for each profile.

2162

IDENTIFICATION AND CHARACTERIZATION OF
TRANSCRIPTIONAL CONTROL ELEMENTS
REGULATING A NOVEL RECEPTOR-MEDIATED
SIGNALING REGULATOR, TNIP1.

P. C. Encarnacao, C. Zhang, S. Livings and B. J. Aneskievich. Pharmaceutical
Sciences, University of Connecticut, Storrs, CT.
TNFα interacting protein 3 interacting protein 1 (TNIP1) is a novel nuclear receptor interacting protein, isolated and characterized as a corepressor of RARs and
PPARs in our lab. TNIP1 has also been shown to regulate a variety of other receptor-mediated events as diverse as programmed cell death and cell cycling stemming
from TNF and EGF signaling, respectively. Changes in TNIP1 expression levels are
likely to impact the biological endpoints of these different pathways. As the importance of TNIP1 becomes more apparent, it is crucial to determine what controls its
expression levels, as can be determined by a study of its promoter. We isolated ~6kb
of the human TNIP1 promoter and examined it both in silico and experimentally
for transcriptional control elements with an eye directed at constitutive and inducible elements. Sequence analysis predicted two specificity protein (Sp) sites in
the proximal region of the promoter and multiple NF-κB sites throughout the promoter. We predict the Sp family of transcription factors is responsible for much of
TNIP1’s constitutive activity and NF-κB for its inducible expression.
Transcriptional activation studies revealed NF-κB, Sp1 and Sp3 positively regulate
TNIP1. Furthermore, EMSA and ChIP demonstrated the physical association between NF-κB, Sp1, Sp3 and specific regions of TNIP1 promoter. Decreased Sp1
protein via siRNA or Sp binding to cognate sites by mithramycin decreased TNIP1
mRNA while the potent NF-κB activator TNFα increased TNIP1 expression. In
summary, Sp1 and Sp3 contribute to the constitutive regulation of TNIP1 pro-
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moter through two proximal sites and NF-κB contributes to the inducible regulation of TNIP1 via two distal sites. Changes in endogenous Sp or NF-κB levels or
pharmacological control of their activity would be expected to affect TNIP1 expression, which, in turn, could ultimately regulate TNIP1-related biological endpoints such as cell death, proliferation, and inflammation, and more globally, diseases such as psoriasis and rheumatoid arthritis.

2163

COEXPOSURE OF LOW-DOSE EXTRAPOLATED
MODEL TESTICULAR TOXICANTS (X-RADIATION
AND 2, 5-HEXANEDIONE) MODULATES GENE
ALTERATIONS THROUGH TESTICULAR TRANSCRIPT
PROFILING.

N. Catlin, M. Sandrof and K. Boekelheide. Brown University, Providence, RI.
Testicular toxic effects of chemical mixtures may be different than those of the individual chemical constituents. This study utilizes germ and Sertoli cell specific toxicants, X-radiation (x-ray) and 2,5-hexanedione (HD) respectively, to investigate
their coexposure effect on spermatogenesis. X-ray induces germ cell apoptosis and
has also been shown to attenuate the HD effects on Sertoli cells. Testis tissue from
adult rats were exposed to single exposures of different levels of x-ray (0.1Gy,
0.5Gy), HD in the drinking water for 18 days (0.125%, 0.2% or 0.33%), or in
combination (2Gy + 0.33% and 1%, 5Gy + 0.33% or 1%). Based on previous research in our lab using higher doses, we expected that a low-dose extrapolation of
these toxicants would result in the same attenuating effect of x-ray induced genes
with HD priming. Gene expression profiling using Affymetrix microarrays was
used to identify, through ranking and prioritization, target genes for further verification using more sensitive PCR-based expression arrays. Hierarchical clustering of
the PCR array data identified the apoptosis-related genes, Fas, apoptosis enhancing
nuclease (Aen), and Caspase3 (Casp3), which possessed similar dose-dependent expression profiles. The independent gene expression analyses detected no significant
change in Casp3, Fas and Aen following exposure to either x-ray or HD alone.
However, the 5Gy + 1% HD coexposure induced Aen and Casp3 expression, with
a maximum fold induction of 3.1 and 2.6, respectively. Additionally, Fas was significantly induced 2.6-fold at these coexposure doses. These results provide insight
into environmentally relevant low-dose coexposures of model testicular toxicants
and the combination of transcript profiles from low and high doses in our coexposure model may allow us to observe across the continuum of effects a threshold
point between an adaptive and an adverse response.

2164

HEAT SHOCK PROTEINS A1A AND A6 ARE
TRANSCRIPTIONALLY REGULATED BY TNIP1 IN
KERATINOCYTES.

V. P. Ramirez, M. Stamatis, C. Zhang and B. J. Aneskievich. University of
Connecticut, Storrs, CT.
TNF alpha induced protein 3 interacting protein 1 (TNIP1) regulates multiple signaling pathways downstream of TNF alpha, EGF, and nuclear receptors leading to
inhibition of some transcription factor involved toxic responses or cell stress. To
gain a better understanding of the biological effects TNIP1 might have, we performed a gene expression microarray analysis of HaCaT keratinocytes overexpressing recombinant TNIP1. Significantly regulated genes included heat shock proteins
A1A (HSP72) and A6 (HSP70B’), with their mRNA downregulated 3.3- and 20fold, respectively. The TNIP1-mediated HSP reduction seen in the HaCaT microarray study was confirmed via qPCR and western blot. Similar results were observed with human primary keratinocytes. HSP’s are key to maintaining cellular
homeostasis in times of cellular stress and toxicity. To guide analysis of how HSP’s
may be transcriptionally regulated by TNIP1, we performed in silico analyses of
these genes’ promoters. Results showed putative response elements for transcription
factors inhibited by TNIP1, including NF-kappaB, ERK2, RAR, and PPAR, some
of which have yet been previously identified as HSP regulators. To determine the
functionality of these putative sites, we isolated a 3 kilobase promoter fragment of
HSPA1A and A6 for further analysis. These initial results suggest (1) a novel pathway, inhibited by TNIP1, possibly transcriptionally regulating these HSP’s and (2)
TNIP1 could enhance cell stress and toxicological insults by reducing HSPA1A and
A6 expression.

2165

IDENTIFICATION OF CYTOPLASMIC PROTEINS THAT
COMPRISE THE PLASMID TRAFFICKING COMPLEX
DURING GENE TRANSFER.

M. A. Badding and D. A. Dean. Pediatrics, University of Rochester, Rochester, NY.
Non-viral gene delivery requires the genetic material to cross several barriers to attain successful gene expression, making this approach less than optimal. One of the
barriers is the dense, crowded cytoplasm, due to the fact that plasmids do not sim-

ply diffuse to the nucleus but require active transport. Very little is known about
how this process occurs, but our lab and others have shown that the microtubule
network and molecular motors are required for plasmid movement to the nucleus.
To further investigate how plasmids exploit normal physiological processes to transfect cells, we are analyzing which protein adapters comprise the plasmid trafficking
complex. We have developed a live cell DNA-protein pull-down assay in which biotin-labeled plasmids are transfected into human pulmonary epithelial cells, and
plasmid-protein complexes are isolated at certain time points post-transfection for
analysis by mass spectrometry. From these results, we can develop a model of the
plasmid trafficking complex as proteins bind and dissociate during gene transfer.
Compared to our negative control plasmid (no promoter sequences), our positive
control bound hundreds of unique proteins as early as 30 minutes post-electroporation. These include tubulin, microtubule-associated proteins, molecular motors,
nuclear import proteins, and transcription factors, all previously hypothesized by us
to play a role in plasmid transport. We are evaluating the significance of these proteins in plasmid trafficking by monitoring movement of microinjected fluorescently labeled plasmids via live-cell particle tracking. Prior to microinjections, certain mass spectrometry-identified proteins will be knocked down by siRNA. We
hypothesize that plasmid movement will be hindered when certain proteins have
been knocked down, indicating their essential role in nuclear translocation. By revealing which proteins are required for transport, we hope to gain knowledge of
how cytoplasmic components influence intracellular trafficking of not only plasmids, but also molecules that rely on these processes for normal functioning.

2166

CHARACTERIZATION OF IN VITRO AND IN VIVO
HEPATIC FUNCTIONAL RESPONSES USING
AUTOMATED DOSE-RESPONSE MODELING.

T. R. Zacharewski1, 2, 3, A. K. Kopec1, A. L. Forgacs1 and L. D. Burgoon1, 3.
1Biochemistry & Molecular Biology, Center for Integrative Toxicology, Michigan State
University, East Lansing, MI, 2ORISE Faculty Fellow, US EPA, Research Triangle
Park, NC and 3National Center for Environmental Assessment, US EPA, Research
Triangle Park, NC.
Pathways and over-represented functions identified in dose-response genomic and
high throughput assays have been proposed to determine points of departure for
hazard and dose assessment in cases where little or no safety data exist.
Transcriptomic dose-response studies at 24 h were examined to investigate EC50
distributions for selected pathways and over-represented functions using IPA and
DAVID. Mouse (Mm), rat (Rn) and human (Hs) hepatocytes were treated with
0.001-100nM 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) while C57BL/6 mice
were gavaged once with 0.01-100μg/kg TCDD. ToxResponse modeler identified
the best-fit model on a per probe basis and calculated EC50s for genes with a sigmoidal dose-response. EC50s exhibited broad distributions across species, models
and functional categories/pathways. For example, although median EC50s associated with lipid metabolism were comparable (2.2, 1.3 and 0.4nM TCDD for Hs,
Mm and Rn primary hepatocytes, respectively) they ranged over 2-3 orders of magnitude (Hs: 0.6-8.2nM; Mm: 0.4-30.8nM; Rn: 0.09-2.6nM), and result in dramatically different in vivo phenotypes. 2,2’,4,4’,5,5’-Hexachlorobiphenyl
(PCB153) also elicited broad EC50 distributions. Moreover, there was a weak negative correlation between EC50s and ED50s for 62 (hepatocyte vs. liver, r=-0.06)
and 37 (hepatomas vs. liver, r=-0.001) overlapping differentially expressed genes
suggesting in vitro gene expression is a poor predictor of in vivo responses.
Collectively, this suggests that median in vitro gene expression EC50s may not accurately reflect the in vivo responsiveness of a pathway or over-represented function. Partially funded by SRP P42ES04911. The views expressed in this abstract are
those of the authors and do not necessarily represent the views or policies of the US
EPA.
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accuracy of this custom-designed MitoChip, we integrated 20 house-keeping genes
for data normalization and 12 ERCC (External RNA Controls Consortium) probes
for monitoring fold changes. Total liver RNA samples from groups of mice (n=4)
treated with vehicle or 600 ppm usnic acid, a mitochondrial uncoupler, were used
to test this MitoChip. Artificial mixtures of ERCC RNA (Mix1 and Mix2; Life
Technologies, Inc.) were also added to total RNA samples to test the performance
of the MitoChip. The results showed that these MitoChips are highly reproducible
with a median correlation value of 0.990 within each sample group. The experimental Mix1/Mix2 ratios of six ERCC probes with intensity levels above the 25th
percentile are very close to theoretical ratios (1.25, 1.60, 2.0, 4.0, and 6.4) with
four replications for each mixture. These results indicate that this custom-designed
MitoChip provides accurate measurements of mitochondria-related gene expression changes and will be a useful genomic tool for investigating the mechanisms of
drug- and disease-related mitochondrial toxicity.

2168

NONGENOMIC ACTION MECHANISMS OF TCDD
THROUGH ACTIVATION OF ARYLHYDROCARBON
RECEPTOR (AHR) IN NCI-H441 HUMAN LUNG
EPITHELIAL CELLS.

M. Tsuji2, 1, D. Wu2, W. Li2, P. Wong2, C. Vogel2, T. Kawamoto1 and F.
Matsumura2. 1University of Occupational and Environmental Health, Kitakyusyu,
Japan and 2Department of Environmental Toxicology, University of California Davis,
Davis, CA.
We studied the characteristics of the nongenomic response in NCI-H441 cells to
TCDD (=dioxin) exposure. This specialized lung epithelial cell line model expresses
a high level of AHR. Based on the report by Vermeer et al. 2006, we tested the hypothesis that rapid activation of ErbB2 signaling is the initial trigger. It was found
that indeed the earliest sign of H441 response to TCDD was up-regulation of
ErbB2 mRNA expression, which is observed within 15 min. At 3 hours, 9G6
blocked this action of TCDD and the effect of TCDD is antagonized by AG879
and FK506. To understand the role of constitutively expressed AHR in H441 cells,
we next assessed the effect of artificial expression and suppression of AHR through
transfection of H441 cells with an AHR overexpression plasmid (pAHR), an plasmid for AHRR (AHR repressor) overexpression (pAHRRf ) and an siRNA against
AHR. The result showed that mRNA expression of ErbB2 and HRG (heregulin or
neuregulin-1) were significantly affected by these treatments indicating the role of
AHR, even in the absence of its ligand. Finally we conducted a western blot assay
using a specific antibody aimed at detecting the phosphorylated and therefore an
activated form of ErbB2 protein to assess the early time course of action of TCDD.
The result confirms our earlier observation that the change in the ErbB2 expression
is the earliest and most significant event taking place in this cell line as a result of
exposure to TCDD. Judging by the lack of induction of CYP1A1 at these early
time points of action of TCDD, this type of ErbB2 response by H441 cells must be
considered to be independent from its classical action mechanism. The result supports our overall hypothesis that the early responses of epithelial cells to the activation of AHR are predominated by activation of pro-survival measures to protect
them from further damage.

2169

ZINC FINGER NUCLEASE-MEDIATED KNOCKOUT OF
THE ARYL HYDROCARBON RECEPTOR IN HUMAN
BREAST CANCER CELLS CAUSES THE LOSS OF BASAL
CYTOCHROME P450 1B1 LEVELS.

S. Ahmed, R. Lo, T. Celius and J. Matthews. Pharmacology & Toxicology,
University of Toronto, Toronto, ON, Canada.
CUSTOM-DESIGNED MITOCHIP FOR
INVESTIGATION OF DRUG- AND DISEASE-RELATED
MITOCHONDRIAL TOXICITY.

T. Han, C. L. Moland, W. S. Branham, V. G. Desai and J. C. Fuscoe. Division
of Systems Biology, NCTR/FDA, Jefferson, AR.
Mitochondrial dysfunction has been well recognized in a number of degenerative
diseases and drug-induced toxicities. The latter has caused some drugs to be withdrawn from the market. However, the molecular basis of altered mitochondrial
function underlying these diseases and toxicities is not yet well defined. To advance
our understanding of the basis of mitochondrial dysfunction associated with degenerative diseases and drug toxicities, we have developed a mitochondria-specific
DNA microarray (MitoChip) in a mouse model. This custom-designed MitoChip
was designed using eArray (Agilent Technologies, Inc.) and consists of 1,026 mitochondrial and nuclear genes associated with mitochondrial structure and function.
There are 8 identical arrays on each slide (8x15k format). To further enhance the

The aryl hydrocarbon receptor (AHR) is a ligand-activated transcription factor that
mediates the toxic and carcinogenic effects of a wide variety of environmental contaminants such as dioxin (TCDD; 2,3,7,8-tetrachlorodibenzo-p-dioxin). To date
most in vitro cell model studies utilize small interference or small hairpin RNA
(siRNA or shRNA) to elucidate the role of AHR in breast cancer. However, these
approaches do not completely knockout the receptor in breast cancer cells and the
effect of residual AHR in these systems is currently unknown. To address this issue,
we created complete knockout of the AHR in the human breast cancer cell MCF7
(MCF7-AHRKO). MCF7-AHRKO cells were generated using a commercially designed zinc finger nuclease that specifically targets and introduces frame shifts in
the coding region of AHR. Despite reports of the AHR regulating estrogen receptor α (ERα) protein levels, ERα protein levels did not change with AHR knockout.
Moreover, 17β-estradiol (E2) dependent cell proliferation was greatly reduced in
MCF7-AHRKO cells. AHR agonists inhibited cell proliferation in the parent
MCF7, but not in the MCF7-AHRKO. AHR knockout significantly diminished
the basal levels of cytochrome P450 1B1 (CYP1B1) by greater than 64-fold,
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whereas shRNA-mediated knockdown of AHR only led to a modest 2-fold reduction. Chromatin immunoprecipitation assays showed that the basal recruitment of
AHR/ARNT to the CYP1B1 enhancer and promoter was completely abolished in
the MCF7-AHRKO. Together, results from our MCF7-AHRKO show that AHR
is important in cell proliferation and the basal regulation of CYP1B1. CYP1B1 metabolizes E2 into genotoxic metabolites to initiate breast cancer development and
thus its basal regulation by AHR is of great interest in the pathophysiology of breast
cancer.

tion to accomplish regeneration. Taken together, these results will facilitate further
identification of regulatory networks that promote or limit wounding healing and
regeneration and prolong healthy life spans in humans. This research was supported
by NIH F31AG034702, P30ES00210, and P42ES016465.
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PEPTIDE-MEDIATED TRANSLATIONAL REGULATION
OF HUMAN MICROSOMAL EPOXIDE HYDROLASE
(EPHX1).

H. T. Nguyen, X. Yang and C. J. Omiecinski. Huck Institutes of the Life Sciences
and Center for Molecular Toxicology and Carcinogenesis, Pennsylvania State
University, University Park, PA.
Microsomal epoxide hydrolase (mEH, EPHX1) is an important biotransformation
enzyme that catalyzes the hydrolysis of many epoxide metabolites. EPHX1 substrates vary from the endogenous steroid epoxides, such as estroxide and androstene
oxide, to the pro-carcinogenic epoxide intermediates such as benzo[a]pyrene-7,8epoxide derived from the xenobiotic metabolism of polycyclic aromatic hydrocarbon. Previous studies from our laboratory suggested the involvement of post-transcriptional regulation in modulating EPHX1 expression, mediated by the presence
of complex secondary structure and two upstream open reading frames (uORFs)
within the 5’-untranslated region (5’-UTR) of an EPHX1 transcript variant termed
E1-b’. Utilizing a lentivirus-based transduction system to over-express the E1-b’
transcript in mammalian cell lines, we found that the presence of E1-b’ inhibits
overall EPHX1 expression. E1-b’ transcripts containing mutations of the respective
uORFs’ start codons were devoid of this inhibitory activity. The E1-b’ transcript
uORFs are predicted to code for short peptide sequences of 26 and 17 amino acids
in length, respectively. We hypothesized that these peptides contribute regulatory
function in EPHX1 expression. Synthetic 26 and 17 amino acid peptides were
titrated into an in vitro transcription/translation system utilizing either rabbit reticulocyte lysate or wheat-germ extract programmed with the EPHX1 E1-b construct.
The results obtained demonstrated that these peptides can inhibit the production
of EPHX1 protein in both the mammalian and plant-derived systems. Transfection
of these peptides into mammalian cell lines further confirmed their EPHX1-specific inhibitory effect. In addition, kinetic analysis of mRNA stability indicated that
the peptides do not modulate EPHX1 mRNA level. These results suggest a unique
role contributed by the generation of uORF peptides from the E1-b’ transcript and
their function as translational regulators of human EPXH1 expression.

C. Jefcoate1, 2, J. Bushkofsky1 and M. Larsen2. 1Center for Molecular Toxicology,
University of Wisconsin-Madison, Madison, WI and 2Cell and Regenerative Biology,
University of Wisconsin-Madison, Madison, WI.
A change from a high carbohydrate diet to a high fat diet stimulates obesity and
glucose intolerance in C57Bl/6j mice at maturity. Cyp1b1 exhibits many developmental functions in mice and humans. Deletion of Cyp1b1 in mice prevents this
obesity response. Mouse liver expresses 48 Cyps at significant levels (total 82). Sixty
percent of these Cyps respond by two-fold or more to this diet change (25 up, 3
down). Cyp1b1 is not expressed in mouse hepatocytes, but deletion dramatically
redirects liver gene expression (>1000 genes FC>2.0; p<0.02), even more than the
dietary change. The same Cyp genes are affected in a coordinate manner, often as
clusters within sub-families (2a, 2b, 2c, 3a and 4a). Cyp2c genes are stimulated by
dietary fat and Cyp1b1 deletion, whereas fat-responsive genes in each of the 2a, 2b,
3a and 4a sub-families are highly suppressed. Cyp1b1 deletion appears to effect a
general suppression of endogenous PPAR, CAR and PXR activities that extends to
non-Cyp genes. This does not extend to external ligands, as PPAR induction is effectively stimulated by WY14623 in Cyp1b1-/- mice. One possibility is that endogenous ligands are either not formed or are sequestered by binding proteins. An
extensive set of such proteins are expressed by chromosomally adjacent lipocalin
and Mup families. Six such genes are highly induced by Cyp1b1 deletion. The diet
change and Cyp1b1 deletion also suppress genes in the liver that are associated with
oxidative stress and inflammation. Paradoxically, Cyp1b1 deletion in endothelia
causes NF-kB activation. The external source of the Cyp1b1 regulation remains
elusive. These studies show that diet change and Cyp1b1 deletion exhibit similar selectivity for effects on several families of genes. Dietary flavonoids can inhibit
Cyp1b1 and may affect metabolism of endogenous or dietary substrates thus altering hepatic glucose and fatty acid metabolism.

2173
2171

SMALL ANSWERS TO LONGEVITY: THE AGEDEPENDENT ROLE OF SMALL RNAS IN TISSUE
REGENERATION.

J. A. Franzosa1, I. H. Boucher1, R. C. Ticknor1, S. C. Tilton2, K. M. Waters2
and R. L. Tanguay1. 1Environmental and Molecular Toxicology, Oregon State
University, Corvallis, OR and 2Computational Biology and Bioinformatics, Pacific
Northwest National Laboratory, Richland, WA.
With age, a host of complex biological changes occur in tissues that often result in
impaired capacity to mount regenerative responses to injury or disease caused by
toxicological insults. Numerous human conditions could be significantly improved
if preventative and therapeutic strategies that encourage tissue regeneration were
available. Aging negatively affects tissues’ regenerative capacity and microRNA
(miRNA) expression is reportedly differentially impacted in multiple models of
aging. We use zebrafish as a model to unravel the complex process of vertebrate tissue regeneration. To evaluate if age influences regenerative-dependent gene expression, mRNA-Seq (78-bp) and small RNA-Seq (40-bp) analyses were conducted
with regenerating fin tissue in comparison to non-regenerating fin tissue in three
age cohorts (juveniles, adults, geriatrics). Bioinformatics analysis of the global profiling datasets was completed to identify which mRNA transcripts differentially expressed in regenerating tissue were coordinately predicted to be targeted by the misexpressed miRNAs within each age group. The complex interactomes predicted
from the deep sequencing data were compared across age groups to determine how
the transcripts that drive regeneration, and the small RNAs that post-transcriptionally regulate their expression, were influenced by age. By defining and comparing
the age-associated changes in small RNA and mRNA expression in vertebrate tissue
coupled with mechanistic evaluation of miRNA-mRNA relationships in vivo, this
research sheds light on the molecular and genetic pathways that coordinately func-
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DIET COORDINATELY AFFECTS EXPRESSION OF
MULTIPLE HEPATOCYTE P450 CYTOCHROMES BY
PROCESSES THAT ARE HIGHLY SENSITIVE TO
EXTERNAL CYP1B1.

LONG-TERM, LOW-DOSE CHROMIUM EXPOSURE
ALTERS THE CELLULAR RESPONSE TO THE
POLYCYCLIC AROMATIC HYDROCARBON BAP.

J. L. Ovesen, Y. Fan and A. Puga. Cell and Cancer Biology, University of
Cincinnati, Cincinnati, OH.
The toxicity of complex mixtures is a significant and growing problem that needs to
be addressed by applied toxicology. While valuable techniques for the assessment of
similar compounds, such as non-metabolizable halogenated aromatic hydrocarbons, in a mixture based on relative toxicity exist such approaches are inadequate
for the assessment of complex mixtures with several different types of components.
In complex mixtures, multiple exposures generate specific changes in gene expression that cannot be attributed to a single mechanism. Data on these kinds of mixtures are scarce and often contradictory. Our previous work has demonstrated that
alteration of epigenetic regulation of gene transcription plays an important role in
chromium’s toxic response, both alone and in a complex mixture with BaP. Here we
begin to dissect the mechanism of mixture toxicity using long-term low-concentration exposure to chromium with and without acute BaP exposure. We find that
mouse hepatoma cells exposed to long-term low concentrations of sodium chromate, in the range of 0.1 – 0.5 μM, accumulate double-strand DNA breaks, and
that the percentage of cells undergoing apoptosis increases concurrently with either
increased concentration or longer period of exposure to Cr. Despite increased apoptosis and an increased number of DNA double-strand breaks the cell cycle progression parameters of these cells are unaffected by Cr concentration or exposure time.
At a transcriptional level, qRT-PCR revealed that long-term low-concentration exposure to Cr changes the expression of many genes, most commonly of genes important for DNA damage response and apoptosis. We also find that the pattern of
gene expression associated with BaP exposure is altered if cells have been exposed to
long-term Cr and those differences are concentration dependent. These results
begin to tease out the mechanism by which exposure to one toxicant, Cr, can affect
the cellular responses to another, BaP, shedding light on the toxic responses to complex toxic mixtures. Supported by NIH grant ES010807.

2174

MICRORNA REGULATION OF THE TRANSITION TO
THE LUNG CANCER PHENOTYPE.

J. Mehta1, G. Acquaah-Mensah1 and A. Singh2. 1Pharmaceutical Sciences,
Massachusetts College of Pharmacy & Health Sciences, Worcester, MA and 2Bloomberg
School of Public Health, Johns Hopkins University, Baltimore, MD.
Cigarette smoke exposure has been associated with the incidence of lung cancers.
The role of microRNAs in the transition to malignancies has been studied extensively over the last decade. As a result, a number of microRNA biomarkers in lung
cancer have been identified. Also, the kelch-like ECH-associated protein 1
(Keap1)/ nuclear factor erythroid-derived 2-like 2 (Nrf2) pathway is implicated in
lung cancer. In this study, the role of microRNAs in the transition from non-tumor
to malignant status in lung tissue is examined with a focus on the Keap1/Nrf2
pathway. Data from the Human Whole miRNOme Project version 1 was analyzed
for insights. Some, such as miR142-5p and miR-193a-5p have increased expression; others, such as miR144 have decreased expression. Quantitative PCR data curated in the PhenomiR database validate a number of the differentially-expressed
microRNAs identified in the high throughput approach. Using a bicluster acquisition algorithm, functional clusters of microRNAs in lung cancer were identified.
Furthermore, results of a gene set enrichment analysis indicate that, relative to nonmalignant tissue, gene targets of mir27A, mir-27B, mir-142-5P, mir-144, mir-153,
mir-199A, and mir-522 have suppressed expression in Kras mutation-induced
tumor tissue in mice in which either Nrf2 or Keap1 expression is diminished. As
documented in the Comparative Toxicogenomics Database, a number of the gene
targets of these microRNAs are impacted by components of cigarette smoke including acrolein and nicotine. The novel findings lend further insights into
microRNA regulation of the Keap1/Nrf2 pathway perturbations associated with
the transition to lung cancer.

2175

PPAR BETA/DELTA AND BCL6 GENETIC
POLYMORPHISMS AND ASSOCIATION WITH
ALTERED GENE EXPRESSION IN HUMAN
PANCREATIC CANCER.

R. W. Smith1, J. D. Coleman1, J. T. Thompson1, B. Prokopczyk2 and J. P.
Vanden Heuvel1. 1Department of Veterinary and Biomedical Sciences and Center for
Molecular Toxicology and Carcinogenesis, Pennsylvania State University, State College,
PA and 2Department of Pharmacology, Pennsylvania State University, Hershey, PA.
The nuclear receptor Peroxisome Proliferator-Activated Receptor β/δ (PPARβ/δ)
and the transcriptional repressor B-Cell Lymphoma 6 (BCL6) regulate genes involved in inflammation, metabolism and cancer in pancreas. Single nucleotide
polymorphisms (SNPs) have been identified within PPARβ/δ and BCL6 that are
associated with metabolic disease and cancer. Previous studies have indicated a relationship between non-coding SNPs in PPARβ/δ rs6902123, rs2076167, and
rs1053049 on glucose uptake in skeletal muscle and rs2267668 with effectiveness
of lifestyle intervention on aerobic fitness, insulin sensitivity, and body composition. A putative exonic splicing polymorphism in the BCL6 gene (rs1056932) affects the risk of non-Hodgkin lymphoma. It has long been established the link between glucose metabolism and metabolic rate with occurrence of pancreatic cancer,
and these PPARβ/δ/BCL6 polymorphisms have not yet been studied in the pancreas. Utilizing TaqMan genotyping assays, high resolution melting, along with
real-time gene expression these polymorphisms in human pancreatitis and pancreatic cancer tissue were examined. Although there were no differences in SNP frequency between individuals with pancreatitis versus pancreatic cancer, expression of
BCL6 and the PPARβ/δ target gene Matrix Metallopeptidase 9 (MMP-9) mRNA
were significantly different in these tissues. PPARβ/δ SNPs rs1053049 and
rs9658056 were associated with altered MMP9 mRNA while PPARβ/δ rs2076167
and BCL6 rs1056932 associated with BCL6 mRNA levels. Here, we show a correlation between PPARβ/δ SNPs and differential mRNA expression of inflammatory
and macrophage invasion genes that may indicate a connection between these polymorphisms and pancreatic cancer risk.

2176

REGULATION OF mRNA TURNOVER BY PREGNANE X
RECEPTOR THROUGH INTERACTION WITH CCR4NOT.

Y. Tian, D. Liu, N. Eagleton, Y. Xie and S. Ke. Program of Toxicology, Texas
A&M University, College Station, TX.
Pregnane X receptor (PXR, NR1I2) is a major xenobiotic sensor / effector which
regulates metabolism of various xenobiotics and endobiotics. PXR interacts with a
wide range of structurally diverse ligands and coordinately regulates gene expression
of the Phase I and Phase II drug metabolizing enzymes as well as the “Phase III”
transporters.

In the past decade, our understanding of PXR-regulated gene expression is mainly
based on its role as the ligand-dependent transcription factor in facilitating transcription. However, little is known about function of PXR beyond its role in the
biogenesis of mRNA. Here, we report that PXR plays a pivotal role in regulating
CYP3A4 mRNA turnover through interaction with a major mRNA deadenylase
complex CCR4-NOT. In a yeast two hybrid screen, we searched for the factors that
interact with PXR in human liver cDNA library using PXR ligand binding domain
as the bait. Among the positive clones were the partial cDNAs of NOT2 (amino
acids 183-540). NOT2 is the regulatory component of CCR4-NOT complex
which consists of 9 subunits, NOT1-NOT5, CCR4, CAF1, CAF40 and CAF130.
NOT2 and CAF1 are deadenylases while NOT1 is the largest subunits serving as
the scaffold for the complex. Using a mammalian two-hybrid, co-immunoprecipitation and GST-pulldown assays, we confirmed and further characterized interaction between PXR and NOT2. PXR-associated CCR4-NOT complex showed a
reduced deadenylase activity as determined by in vitro deadenylase assay. In HepG2
cells, activation of PXR resulted in longer poly A tail of CYP3A4 mRNA. Taken
together, these results suggest that PXR regulates the mRNA turnover through direct interaction with the CCR4-NOT complex (This study is supported in part by
NIH grant ES 09859).

2177

GONADOTROPIN-DEPENDENT ACTIVATION OF THE
STEROIDOGENIC ACUTE REGULATORY PROTEIN
PROMOTER INVOLVES ESTROGEN RECEPTOR
SIGNALING PATHWAYS.

M. Prucha1, C. J. Martyniuk2, N. J. Doperalski1, K. J. Kroll1, D. S. Barber1 and
N. D. Denslow1. 1CEHT, University of Florida, Gainesville, FL and 2Biology,
University of New Brunswick, St. John, NB, Canada.
Xenoestrogens (XEs) in the environment have been linked to the occurrence of reproductive abnormalities in many aquatic species, including largemouth bass
(Micropterus salmoides; LMB). Steroidogenic acute regulatory protein (StAR), a
protein vital to steroid hormone synthesis, has been shown to be a target of a number of XEs in LMB. Investigators working with higher vertebrate models have reported similar effects following exposure to XEs as well as endogenous estrogen
(E2); however, the mechanisms underlying XE/E2 regulation of StAR are not understood. To determine whether E2 elicits a response in StAR transcriptional activity in LMB, a segment of the LMB StAR promoter was transfected into MA-10
Leydig cells and promoter activity was measured following E2 exposure under basal
and gonadotropin (hCG)-induced conditions. hCG stimulated promoter activity
>4-fold above basal levels; concomitant E2 exposure reduced hCG-induced activity
by ~25% (p<0.001). Effects of E2 on promoter activity were limited to hCG-induced conditions only. To determine whether the observed reduction in hCG-induced StAR promoter activity may be mediated by genomic estrogen receptor (ER)
signaling, transfected cells were treated with a potent ER inhibitor (ICI); ICI reversed the observed E2-induced decrease in hCG-stimulated promoter activity. In
silico analysis of the LMB StAR promoter revealed a putative ER-binding element
(ERE/-1745); functionality of ERE/-1745 was verified by chromatin immunoprecipitation (ChIP). ChIP results confirmed that ERs alpha and beta bound to ERE/1745; ER beta was enriched under hCG-induced conditions only and exposure to
E2 diminished ER beta association with the promoter. These studies are amongst
the first to determine that ERs binds directly to the StAR promoter and that ER
beta may play a non-classical role in hCG-induced activation of the LMB StAR
promoter. NIEHS SBRP R01 ES015449.

2178

THE AH RECEPTOR EXERTS A REGULATORY ROLE IN
HOMEOSTATIC CONTROL OF CHOLESTEROL
SYNTHESIS.

R. Tanos, R. D. Patel and G. H. Perdew. Penn State University, University Park,
PA.
Activation of Ah receptor (AHR) by xenobiotic agonists such as TCDD (2,3,7,8tetrachlorodibenzo-p-dioxin) is known to drive both dioxin response elements
(DRE) and non-DRE changes in gene expression. In an effort to understand this
regulation, we conducted a microarray analysis on ligand-treated transgenic mouse
livers expressing AHR or a DRE-binding mutant AHR on an ahr-null background.
The data revealed that DRE-binding is not required for suppression of genes involved in cholesterol synthesis. qPCR performed on both mouse liver and primary
human hepatocyte RNA demonstrated a coordinate repression of the examined
cholesterol biosynthesis genes, namely HMGCR, FDFT1, SQLE and LSS, following AHR activation. To alleviate the phenotype of ahr-null mice, we established a
transgenic mouse line expressing a liver-specific DRE-binding mutant AHR on a
CreAlb/AhrFx/Fx background. These mice displayed a similar repression of cholesterol biosynthetic genes compared to wild-type mice, further suggesting that the
observed modulation is AHR-specific and occurs in a DRE-independent manner.
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To demonstrate a constitutive role for AHR in this regulation, qPCR and western
blot analysis were used to analyze liver extracts from CreAlb/AhrFx/Fx mice, which
are deficient in hepatic AHR, and AHR-silenced human hepatoma cells, Hep 3B.
Both demonstrated enhanced constitutive expression of the genes of interest.
Conversely, downregulation of AHR-heterodimer partner ARNT in Hep 3B cells
showed no effect. Inhibition of the cholesterol synthesis pathway by statins, the
most important class of lipid-lowering agents, leads to an increased expression of all
its enzymes due to a compensatory mechanism. Following primary human hepatocyte treatment with lovastatin coupled with an AHR ligand, qPCR data indicated
the ability of the receptor to inhibit the statin-mediated up-regulation of the genes
of interest. These data firmly establish a role for AHR as regulator of cholesterol
biosynthesis gene expression independent of its DRE-binding ability and suggests
that AHR may be a previously unrecognized therapeutic target.

2179

RNA-SEQ REVEALS DIFFERENT ABUNDANCE OF
TRANSPORTERS AND PRESENCE OF NOVEL
ISOFORMS DURING LIVER DEVELOPMENT.

Y. J. Cui1, J. Liu1, G. S. Sumedha2, B. Yoo2, H. Lu1, X. Zhong1 and C. D.
Klaassen1. 1Department of Pharmacology, Toxicology and Therapeutics, University of
Kansas Medical Center, Kansas City, KS and 2University of Kansas Medical Center,
Kansas City, KS.
During liver development, maturation of transporters is essential to maintain normal cellular uptake and elimination of chemicals in children. RNA-Seq provides a
“true-quantification” of transcripts, and an unbiased detection of novel mRNA isoforms. The purpose of the present study was to compare the mRNA abundance of
critical liver transporters using RNA-Seq, and identify novel mRNA isoforms of
these genes during development. Male C57BL/6 mouse livers were collected from
GD17.5 to 60-days of age. The transcriptome was determined using an Illumina
HiSeq2000 with 200 cycles paired-end (n=3), and the mRNA abundance was estimated by Cufflinks. The total transcripts of both uptake and efflux transporters increased during development. A hierarchical clustering dendrogram showed three
patterns of transporters in liver, namely perinatal-, adolescent-, and adult-enriched
patterns. Before birth, the highest expressed transporter was Ent1 (30%), followed
by Bcrp (26%). Right after birth (1-day of age), the bile acid uptake transporter
Ntcp became the major transporter (52%). From adolescent to adult age, Ntcp remained the highest transporter in liver, followed by Oct1, which gradually increased during development. Three mRNA isoforms of Bcrp were identified that
have alternate leading exons (E1a, 1b, and 1c). RT-PCR showed that E1b is the
major isoform throughout liver development. Exon 2 skipping was observed for
Oatp1b2 mRNA, and intron retention (between exon 1 and 2) was observed for
Bsep mRNA during liver development. In conclusion, the present study was the
first to compare the real abundance of liver transporters during development, and
identified novel mRNA isoforms of transporters using RNA-Seq. (Supported by
NIH ES019487 and RR-021940)

2180

MULTIPLICITY OF 5′-END OF HUMAN HEPATIC
MULTIDRUG RESISTANCE-ASSOCIATED PROTEIN 4
TRANSCRIPTS.

J. E. Manautou, X. Gu, V. Ramirez and B. J. Aneskievich. Pharmaceutical
Sciences, University of Connecticut, Storrs, CT.
Multidrug resistance-associated protein 4 (MRP4, ABCC4) is an efflux transporter
localized in the basolateral membrane of hepatocytes. Hepatic MRP4 expression is
inducible by toxic acetaminophen exposure. Our previous work showed that the
transcription activity of human MRP4 promoter is constitutively active and that
the activity of the promoter-proximal region is controlled by many activating (e.g.,
E2F1, NRF1, TFAP2A) and repressive (e.g., HES1, PATZ1, ELK1, ZFP161) transcription factors. However, knowledge on transcription initiation of the MRP4
gene is very limited. In this study, we characterized the 5′-end of the human hepatic
MRP4 transcript. Total RNA from the human hepatic cell line HC04 was
processed for RNA ligase-mediated rapid amplification of cDNA 5′-ends. Nested
PCR products were resolved on agarose gels and sequenced through cloning. The
band obtained from the nested PCR product covered an area in the agarose gel of
approximately 100bp in width. The upper half of this 100 bp region contained a
major band. After sequencing the upper and lower portions of the 100 bp region
through cloning, the length of first exon for the different MRP4 transcripts was
found to be in the range of 152 to 240 bp. Analysis of site distribution of the 5′-end
of the MRP4 transcripts in single-nucleotide resolution with representative nested
PCR products identified 13 sites in the range of -77 to -165 bp relative to the cod-
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ing sequence start site among 27 valid sequencings out of 33 clones randomly sampled. The frequency at sites -137 bp, -132 bp and -87 bp was 6, 5 and 3, respectively. These results indicate the presence of multiple 5′-ends of MRP4 transcripts.
Interestingly, a novel exon was found between exon 1 and 2 (NM_005845). In silico translation analysis showed that the insertion of this novel exon results in a
truncated 40-aa peptide at the N-terminal region of MRP4 (NP_005836). The
mechanism underlying the multiplicity of 5′-ends for human MRP4 transcripts in
hepatocytes remains to be further investigated. Supported by NIH Grant
DK069557.

2181

EVOLVED METAL TOLERANCE IN DAPHNIA RESULTS
FROM VARIATION IN GENOME ARCHITECTURE.

J. R. Shaw1, 2, S. Paland2, S. Glaholt1, M. Pfrender3 and J. K. Colbourne2.
1School of Public and Environmental Affairs, Indiana University, Bloomington, IN,
2Center for Genomics and Bioinformatics, Indiana University, Bloomington, IN and
3Department of Biology, Notre Dame University, Notre Dame, IN. Sponsor: J.
Klaunig.
Daphnia, or the water flea, is a sentinel species of freshwater ecosystems. Their populations are defined by the boundaries of ponds and lakes, are sensitive to modern
toxicants in the environment, and thus are used to assess the ecological impact of
environmental change. A hallmark of the genome sequence is a large number of duplicated genes that are most responsive to ecological challenges and are specific to
the Daphnia lineage. Natural populations of Daphnia pulex living near smelters in
the Sudbury region of Ontario have faced severe metal stress for over 100 years. We
identified genotypes living in lakes from this region that have genetically adapted to
cadmium stress. These isolates show no differences in their life history parameters
when comparing control and cadmium exposed Daphnia. By contrast, cadmium
exposures significantly decrease reproductive success in non-adapted Daphnia. Our
studies also indicate that no fitness costs are imparted on these adapted Daphnia in
the absence of metals, which differs from our observations of animals physiologically acclimated to cadmium through multiple generations. Adaptation produced
different patterns of gene expression in metal exposed Daphnia. To explore the genomic basis for gene-expression differences, gene copy number was mapped across
the entire transcriptome of several adapted and non-adapted Daphnia and these
were compared to the sequenced reference genome. A large amount of copy number variation (CNV) was observed between individuals, including CNV that comprise functionally relevant networks and pathways of genes contributing to the
adapted phenotytpe (i.e., oxidative stress, stress response). These studies detail the
genomic basis for adaptation in natural populations.

2182

PROTECTION OF HYDROQUINONE-INDUCED
APOPTOSIS BY DOWNREGULATION OF FAU IS
MEDIATED BY NQO1.

E. Siew1, K. Chan1, G. T. Williams2, D. Ross3 and S. Inayat-Hussain1. 1Faculty
of Health Sciences, Universiti Kebangsaan Malaysia, Kuala Lumpur, Malaysia,
2ISTM and School of Life Sciences, Keele University, Keele, United Kingdom and
3Department of Pharmaceutical Sciences, Skaggs School of Pharmacy and
Pharmaceutical Sciences, University of Colorado Anschutz Medical Campus, Aurora,
CO.
Using functional expression cloning, the Fau gene (Finkel-Biskis-Reilly murine sarcoma virus (FBR-MuSV)-associated ubiquitously expressed gene) was identified as
a potential tumor suppressor gene. Downregulation of Fau by overexpression of its
reverse sequence has been shown to inhibit apoptosis induced by DNA damaging
agents. To address a potential role of Fau in benzene toxicity, we investigated the
apoptotic effects of hydroquinone (HQ), a major benzene metabolite, in W7.2
mouse thymoma cells transfected with either a plasmid construct expressing the antisense sequence of Fau (rfau) or the empty vector (pcDNA3.1) as a control. HQ
induced apoptosis via increase production of reactive oxygen species (ROS) and
DNA damage as assessed using dihydroethidine (HE) staining and Alkaline Comet
assay in W7.2 pcDNA3.1 cells. In contrast, when Fau was downregulated by the
antisense sequence in W7.2 rfau cells, HQ treatment did not cause DNA damage
and oxidative stress and these cells were markedly more resistant to HQ-induced
apoptosis. Further investigation revealed that there was an upregulation of
NAD(P)H: quinone oxidoreductase 1 (NQO1), a detoxification enzyme for benzene-derived quinones, in W7.2 rfau cells. Compromising cellular NQO1 by use of
a specific mechanism based inhibitor (MAC 220) and NQO1 siRNA re-sensitized
W7.2 rfau cells to HQ-induced apoptosis. These data suggest that downregulation
of Fau results in NQO1 upregulation which protects against HQ-induced apoptosis in W7.2 cells.

2183

SCIENTIFIC, REGULATORY, AND PUBLIC
PERSPECTIVES ON THE CREDIBILITY AND USE OF
ALTERNATIVE TOXICOLOGICAL TEST METHODS IN
A LEGISLATIVE FRAMEWORK.

L. S. Birnbaum2, R. S. Skoglund1, D. R. Juberg7, M. E. Andersen3, S. P.
Bradbury4, M. L. Stephens5 and T. A. Hartung6. 1Medical Department, 3M, St.
Paul, MN, 2NIEHS, Research Triangle Park, NC, 3The Hamner Institutes of Health
Sciences, Research Triangle Park, NC, 4US EPA, Washington, DC, 5Humane Society
of the United States, Gaithersburg, MD, 6Johns Hopkins Bloomberg School of Public
Health, Baltimore, MD and 7Dow AgroScience, Indianapolis, IN.
The role of toxicology and toxicity testing in legislation and regulatory decisionmaking continues to change and an understanding of the opportunities, as well as
challenges, that accompany the consideration of alternative test methods in a legislative framework is critical for forward progress in public health protection. It is
well-established that toxicology in the twenty-first century has taken on many faces,
but none perhaps so well-recognized as that of the introduction of new tools, technologies, and alternative test approaches to testing and how these may play a role in
legislation. These tools and approaches have moved beyond the laboratory and are
being considered by regulatory authorities in decision-making and by lawmakers as
they consider how to modernize chemical legislation. The timetable and suitability
of these alternative approaches to supplement or replace existing test methods continues to deserve attention and discussion. This session will review how various existing test approaches are used, and then will bring in three important perspectives—a scientific, regulatory, and a public view, on the credibility and applicability
of alternative approaches for use in legislation and regulation. This transformation
in toxicity testing will continue to occur and it is critical that new approaches be
met with acceptance and be suitable from all three perspectives if the transformation is to meet with success, be integrated into a legislative framework, and advance
public health for decades to come.

2184

THE FUTURE OF TOXICOLOGY EDUCATION:
OUTCOMES OF THE TOXICOLOGY EDUCATIONAL
SUMMIT.

A. Barchowsky1, S. H. Safe3, C. W. Sulentic4, M. Genter2 and G. Carlson5.
1Environmental and Occupational Health, Universtity of Pittsburgh, Pittsburgh, PA,
2University of Cincinnati, Cincinnati, OH, 3Texas A&M University, College Station,
TX, 4Wright State University, Dayton, OH and 5Purdue University, West Lafayette,
IN.
The Society of Toxicology convened the Toxicology Educational Summit on
October 20 and 21, 2011, to address updating and modernizing toxicology education at multiple levels to meet the needs of an ever advancing profession. As with
many other scientific disciplines and professions, toxicology and careers in toxicology are undergoing rapid and dramatic changes as new discoveries, technologies,
and hazards advance at a blinding rate. There are new demands on toxicologists to
keep pace with expanding global economies, global threats to public health, and
ever-evolving complex hazards that pose health risks. These demands must be met
with new paradigms for multidisciplinary, technologically complex, and collaborative approaches that require advanced and continued education in toxicology and
associated disciplines. This requires paradigm shifts in educational programs that
both support development and training of the modern toxicologist and allow retraining of the midcareer professional to keep pace and sustain careers in industry,
government, and academia. This session will present the outcome of discussions
and strategic planning developed at the summit and solicit participation from the
audience to discuss conclusions and recommendations from the summit, as well as
SOT strategic objectives to address these recommendations to advance toxicology
education. This session will consist of a series of short presentations from summit
topics and conclusions, and will conclude with comments on each topic from the
audience.

2185

PREGNANCY IN THE WORKPLACE: MANAGING
OCCUPATIONAL SAFETY FOR A UNIQUE
SUBPOPULATION.

L. Roberts1, J. M. DeSesso2, A. R. Scialli3, J. Quint5, G. Hunting1 and B. D.
Naumann4. 1Health & Product Stewardship, Chevron Energy Technology Company,
San Ramon, CA, 2Exponent, Inc., Alexandria, VA, 3, Tetra Tech Sciences, Arlington,
VA, 4Occupational & Environmental Toxicology, Merck & Co., Inc., Whitehouse
Station, NJ and 5Retired, Occupational Health Branch, California Department of
Public Health, Sacramento, CA.
Work site supervisors need to appreciate the physiological changes specific to pregnancy and breastfeeding, and develop processes to communicate reproductive hazards and prevent harmful exposures. Changing workforce demographics, as well as

equal employment opportunities, have increased the proportion of reproductiveage women in nontraditional jobs with potential reproductive hazards. There are
unique physiological factors important to maintaining a safe worksite during pregnancy. This session will begin with an overview of the physiological changes that
occur during pregnancy. A pregnant woman’s body differs dramatically from her
nonpregnant state; for instance, the size of her uterus, breasts, volume of distribution, and blood protein-binding change as her body, baby, and placenta mature
throughout pregnancy. These changes in physiology may result in situations
wherein safe occupational settings that were set for nonpregnant adults are hazardous to pregnant/lactating women and their unborn babies. Physical stressors
such as lifting, heat, shift work, and radiation may be unsafe for pregnant women.
Occupational exposure limits, typically developed for healthy adults rather than
pregnant women, may not be protective and do not provide sufficient guidance for
a safe environment to the pregnant worker. Standard job safety analyses should be
re-examined; pregnant employees need behavioral and exposure assessments that
identify hazardous processes relative to their unique physiological state.
Appropriate exposure controls can transform an unsafe situation to one that is acceptable. The session will cover physiological changes during pregnancy and lactation, chemical and nonchemical hazards, exposure control options, occupational
exposure limit factors, and risk management options.

2186

REGULATION OF GLUCAGON-LIKE PEPTIDE 1
RECEPTOR EXPRESSION IN FATTY ACID-TREATED
PANCREATIC DUCTAL CELLS.

L. Zhang, R. Rouse and G. Tobin. US FDA, Silver Spring, MD.
Glucagon-like peptide 1 receptor (GLP1R) is a G-protein coupled receptor of the
glucagon/secretin/vasoactive intestinal peptide receptor subfamily. GLP1R has
been targeted for treatment of type-2 diabetes using GLP1R agonists. However,
GLP1R agonists have been linked to post-marketing reports of drug-induced acute
pancreatitis. The risk for both type-2 diabetes and pancreatitis is elevated by the
consumption of a high-fat, high caloric diet. In vitro studies were undertaken to investigate the effects of glucose, fatty acids, and GLP1R modulation on GLP1R expression and function in the major pancreatic cell types. Oleic acid at 0.4mM was
added into the culture medium of rat pancreatic acinar cells (AR42J), ductal cells
(DSL-6A/C1) and islet cells (RIN-m5F). After three days of incubation, each cell
type was exposed to glucose at 30mM for 1h. After glucose exposure, other cell
types were unaffected while oleic acid-treated ductal cells demonstrated a decrease
in GLP1R expression as measured by western blot. This decrease was exacerbated
by co-incubation with exenatide, a GLP1R agonist. The decrease of GLP1R in fattreated ductal cells was time and oleic acid/glucose-concentration dependent. After
glucose exposure, exenatide-induced increases in cAMP were reduced depending
on the concentration of the glucose. In addition, the inhibition of proteinase activity and lysosome formation by their respective inhibitors rescued GLP1R expression, suggesting that the decreases in GLP1R expression involved protein degradation in the lysosome. The co-localization of GLP1R with endosomes/lysosomes
confirmed the internalization, translocation and degradation of GLP1R. The results suggest that ductal cell regulation might be altered in people with diabetes and
elevated triglycerides and that this change may be potentiated by GLP1R agonists.

2187

CHARACTERIZATION OF STEROID HORMONE
RECEPTOR ACTIVITIES IN 100 HYDROXYLATED
POLYCHLORINATED BIPHENYLS, INCLUDING
CONGENERS IDENTIFIED IN HUMANS.

S. Takeuchi1, F. Shiraishi2, S. Kitamura3, H. Kuroki4, K. Jin1 and H. Kojima1.
1Hokkaido Institute of Public Health, Sapporo, Japan, 2National Institute for
Environmental Studies, Tsukuba, Japan, 3Nihon Pharmaceutical University,
Saitama, Japan and 4Daiichi University, College of Pharmaceutical Sciences,
Fukuoka, Japan. Sponsor: T. Yoshida.
Hydroxylated polychlorinated biphenyls (OH-PCBs), major metabolites of PCBs,
have been reported to act as estrogen receptor α (ERα) agonists or antagonists.
However, little concern has been paid to the ability of OH-PCBs to interfere with
other steroid hormone receptors such as ERβ, androgen receptor (AR) or glucocorticoid receptor (GR). In this study, we characterized the agonistic and antagonistic
activities of available 100 OH-PCBs (39 ortho-, 24 meta-, and 37 para-OH compounds), including some congeners identified in humans, against human ERα/β,
AR, and GR using in vitro reporter gene assays. In the ERα assay, 45 and 9 of the
100 OH-PCBs tested showed agonistic and antagonistic activities, respectively. In
the ERβ assay, 45 and 13 compounds showed agonistic and antagonistic activities,
respectively. In the AR and GR assays, although none of the compounds tested
showed agonistic activity, 83 and 31 of the 100 OH-PCBs showed antagonistic activity, respectively. These AR and/or GR antagonistic compounds had various patterns of substituent in the structure, while relatively potent ERα/β agonistic and
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antagonistic compounds possessed para- and ortho-OH structures, respectively.
Three OH-PCBs, predominantly identified in human tissues, showed little ERα/β
or AR activities, apart from the weak ERα and/or GR antagonistic activity observed in 4-OH-CB107 and 4-OH-CB187. Taken together, these results suggest
that a large number of OH-PCBs might act as agonists and/or antagonists against
ERα/β, AR and GR, and that para-substituted OH-PCBs with no chlorine substitutions adjacent to the OH group appear to possess more potent ERα/β agonistic
and AR/GR antagonistic activities.

2188

MISFOLDING OF MUTATED VASOPRESSIN CAUSES
ER-RETENTION AND DECREASE OF VASOPRESSIN
SECRETION.

Z. Yan, A. Hoffmann, E. K. Kaiser, W. C. Grunwald and D. R. Cool.
Pharmacology and Toxicology, Wright State University, Dayton, OH.
Arginine-vasopressin (AVP) is a peptide hormone normally secreted from neuroendocrine cells via the regulated secretory pathway. In Familial Neurohypophyseal
Diabetes Insipidus (FNDI), an autosomal dominant form of central diabetes insipidus, mutations of pro-vasopressin appear to accumulate in the endoplasmic
reticulum (ER) causing a lack of biologically active AVP in the blood. To investigate
the effect of pro-vasopressin mutations regarding intracellular functions of protein
targeting and secretion, we created two FNDI-associated amino acid substitution
mutants, e.g., G14R, and G17V in frame with green fluorescent protein (GFP) and
control pro-vasopressin (VP) in frame with GFP (VP-GFP) and/or with red fluorescent protein(VP-RFP). Fluorescence microscopy of Neuro-2a cells revealed colocalization of VP-GFP and VP-RFP to punctate granules along the length and accumulating at the tips of neurites, characteristic of regulated secretory granules. In
contrast, the two FNDI-associated amino acid substitution mutants, e.g., G14RGFP, and G17V-GFP, were localized to a perinuclear region of the Neuro-2a cells
characteristic of the endoplasmic reticulum. Co-expression of these mutants with
VP-RFP showed VP-RFP was retained in the ER suggesting the formation of heterodimers as found in FNDI. Stimulated secretion experiments indicated that VPGFP was secreted in an inducible manner whereas, G14R-GFP and G17V-GFP
were retained to nearly 100% within the cells. Analysis using GFP pull-down followed by western blotting indicated an increased protein expression for an ER resident molecular chaperone, BiP. In conclusion, G14R-GFP and G17V-GFP mutants are retained in the ER of Neuro-2a cell through up-regulation and directly
association with the molecular chaperone BiP resulting in significantly decreased
AVP secretion.

2189

THYROXINE (T4) CATABOLISM IN HUMAN AND RAT
HEPATOCYTES INCREASES FOLLOWING EXPOSURE
TO HEPATIC ENZYME INDUCERS.

V. M. Richardson1, 2 and M. J. DeVito3. 1NHEERL, US EPA, Research Triangle
Park, NC, 2Curriculum in Toxicology, University of North Carolina at Chapel Hill,
Chapel Hill, NC and 3NIEHS/NTP, Research Triangle Park, NC.
Nuclear receptor agonists phenobarbital (PB), 3-methylcholanthrene (3MC), pregnenolone-16α-carbonitrile (PCN), 2,2’,4,4’,5,5’-hexachlorobiphenyl (PCB 153),
and 2,2’,4,4’-tetrabromodiphenyl ether (BDE 47) decrease serum thyroxine (T4) in
rats. This decrease is thought to occur through the induction of hepatic metabolizing enzymes resulting in enhanced catabolism and elimination of T4. It is evident
that serum T4 decreases occur in humans, but the mechanism is uncertain. Using
rat and human hepatocytes, we compared effects of aryl hydrocarbon receptor
(AhR), constitutive androstane receptor (CAR), and pregnane X receptor (PXR)
agonists on T4 catabolism. Fresh sandwich-cultured hepatocytes (SCH) from
human or male Sprague-Dawley rats were treated (72 hrs) with CAR agonists, PB
(1000uM), PCB 153 (30uM), and BDE 47 (30uM), AhR agonist, 3MC (5uM) or
PXR agonists 5uM rifampicin (Rif ) and 10uM PCN. Media were removed and replaced with 0.05 or 0.1 uM 125I-T4 (rat or human median serum concentration).
After 24hrs, media were collected for analysis. T4 and its metabolites were separated
on an UPLC from which fractions were collected and quantified on a gamma
counter. T4G is the most abundant conjugated metabolite. T4G formation was 50fold higher in unexposed rat SCH compared to unexposed human SCH (5.2 vs.
0.1 fmol T4G/min/mg protein). In rat SCH, T4G was unchanged by PB treatment
compared to control. PCN, 3MC, PCB 153 and BDE 47 treatment increased T4G
by 1.4-, 5.0-, 2.6-, and 1.4-fold respectively. In contrast, T4G in human SCH increased following PB, Rif, 3MC, PCB 153 and BDE 47 treatment by as much as 8, 10-, 12-, 6.7- and, 5.9-fold respectively. The data suggest glucuronidation is a primary route of T4 metabolism in rat and humans. Variability between human
donors suggests possible polymorphisms in human T4 metabolizing enzymes. As a
potential in vitro screening tool, the results highlight the utility of primary SCH in
evaluating species differences and TH disruption.(This abstract does not reflect
USEPA or NIEHS policy)
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EVALUATION OF FISH AND DAPHNIA
REPRODUCTION TEST FOR DETECTING
ENDOCRINE DISRUPTORS: REGULATORY
IMPLICATIONS.

Z. Dang. RIVM, Bilthoven, Netherlands.
Testing and evaluation of endocrine disrupting properties of chemicals become a
regulatory need under the REACH regulation and the EU regulations on plant protection products and on biocidal products. The OECD test guidelines (TGs) form
a basis for regulating endocrine disrupting chemicals (EDCs). How to use these
TGs for risk assessment and testing strategy of EDCs, however, is an unsolved issue.
This paper evaluates the fish short term reproduction assay (FSTR) and the
Daphnia 21d reproduction test by compiling 137 studies (35 chemicals) for fish
and 123 studies (77 chemicals) for Daphnia. Chemicals included are both EDCs
and non-EDCs, with various modes of action (MOAs). Conclusions from this
analysis include: 1) fecundity is the most sensitive endpoint for both fish and
Daphnia, whereas sex determination shown by secondary sex characteristics (SSC)
in fish and sex ratio in Daphnia is a less sensitive endpoint. 2) vitellogenin (VTG)
and SSC in fish and sex ratio in Daphnia are likely specific to chemicals with certain MOAs but may not be sensitive enough to detect some chemicals with great
variability. False positives and negatives have been observed for EDCs in fish and
Daphnia assays. 3) EDCs potent in assays in vitro may not be potent in fish and
Daphnia assays in vivo. These results suggest that a weight of evidence approach
taking into account all relevant ecological evidence available from different taxonomic groups should be used for regulatory purposes. Issues are discussed on combining in vitro data, in vivo fish and Daphnia data for identification and testing
strategy of EDCs.

2191

TOXICOGENOMICS-BASED IN VITRO ALTERNATIVES
FOR ESTROGENICITY TESTING.

S. Wang1, 2, L. de Haan1, A. Peijnenburg2, J. Aarts2, T. Bovee2 and I. Rietjens1.
1Division of Toxicology, Wageningen University and Research Centre, Wageningen,
Netherlands and 2RIKILT—Institute of Food Safety, Wageningen, Netherlands.
Sponsor: B. Blaauboer.
Introduction: With a view to REACH and the need of reducing, refining and replacing the use of experimental animals for safety testing, this project aims to develop an alternative in vitro test battery for estrogenicity, which can replace current
in vivo assays and has an enhanced predictive capacity. These in vitro models will be
selected from presently available and newly developed in vitro cell-based assays for
optimal representation of the different modes of action that lead to estrogenic activity. Methods: A set of twelve compounds was selected representing different
modes of estrogen action. Subsequently these compounds were tested in: (i) four
cell proliferation assays based on different estrogen-sensitive tissues, i.e. breast
(MCF-7 and T47D), endometrium (ECC-1) and ovary (BG-1); (ii) three reporter
gene assays based on both mammalian (U2OS and T47D) and yeast cells; (iii) a estrogenicity-dedicated DNA microarray test, measuring 13 different estrogen-responsive genes in MCF-7 cells exposed to the test compound. Results: (i)
Proliferation of all four cell lines showed a good correlation with the in vivo
uterotrophic assay. The best correlation was obtained with the MCF-7 cell line
(R2=0.85). (ii) Reporter gene induction also showed good correlations with the
uterotrophic assay, R2=0.89 for both the U2OS and T47D based ER-CALUX
bioassays. (iii) The 7 best marker genes on the DNA microarray produced fingerprints correctly predicting the (anti)estrogenic activities of the 12 compounds
tested. Conclusions: Our study showed that the currently selected in vitro bioassays
showed very good correlations with the uterotrophic assay based on the 12 compounds tested. However, there are still compounds of which the estrogenic properties cannot be correctly predicted by the current panel. Other in vitro assay are
needed to fill the gaps, e.g. the H295R assay in order to detect effects of compounds that affect steroidogenesis and are not detectable by testing direct interaction with the estrogen receptorα

2192

LACK OF ANDROGENIC AND ESTROGENIC
POTENTIAL OF EXTRACTS OBTAINED FROM
EASTMAN TRITAN™ COPOLYESTERS.

M. Eldridge, F. Menn and G. Sayler. The Center for Environmental Biotechnology,
University of Tennessee, Knoxville, TN. Sponsor: J. Deyo.
Eastman’s Tritan™ copolyesters are a family of plastics from Eastman Chemical
Company manufactured utilizing three monomers: dimethylterephthalate, 1,4-cyclohexanediemthanol, and 2,2,4,4-tetramethyl-1,3-cyclobutanediol. Tritan™
polymers are used for the manufacture of various types of reusable food and bever-

age containers, kitchen appliances, as well as medical devices. In light of recent public attention over the presence of endocrine active compounds that may be able to
leach out of some plastics, studies were conducted to understand whether extracts
from Tritan™ copolyesters possessed either estrogenic (EA) or androgenic activity
(AA). Studies were conducted on extracts obtained from finished pellets and
molded bars of Tritan copolyesters. The extraction procedures utilized were based
on FDA and European guidelines for safety assessment of plastics used for food
contact materials and exaggerate typical end-use conditions. Specifically, conditions
utilized to obtain extracts consisted of incubating the various products in water and
ethanol/water (10/90 and 50/50) solutions for 240 hrs at 40° C, and in a 50/50 solution for 2 hrs at 70o C. To simulate harsh dishwasher conditions samples were incubated in Cascade™ (10 g/L) for 240 hrs at 70o C followed by immersion for 240
hours at 40o C in the same three extracting solutions listed above. Extracts obtained from these solutions were concentrated 500X using Hydrophilic-LipophilicBalance SPE (solid phase extraction) disks as outlined in EPA Method 1694 to enhance the detection of chemicals that may have activity. Assessment of EA and AA
activity was determined using a bioluminescent yeast-based detection method as
outlined by Sanseverino et al. (2009). Results showed no evidence of either EA or
AA for any Tritan™ product under any of the extraction conditions. Accordingly,
and in conjunction with data indicating the monomers do not possess estrogenic or
androgenic activity, these results further reaffirm the safety of Tritan™ polyesters.

2193

POLYESTER MONOMERS UTILIZED BY EASTMAN
CHEMICAL COMPANY LACK ABILITY TO BIND AND
ACTIVATE BOTH ESTROGENIC AND ANDROGENIC
RECEPTORS.

E. O’Brien1, J. Deyo1 and C. Toole2. 1Eastman Chemical Company, Kingsport, TN
and 2CeeTox, Kalamazoo, MI.
Eastman Chemical Company is a major manufacturer of several polyester plastics.
Many of these plastics have been approved for use by various governmental regulatory agencies for use in both food contact and medical device applications based on
their current toxicity profile. As with most polymers, the monomers along with the
high molecular weight oligomers whose toxicity is best represented by the
monomers, make up the predominate chemicals within a polymer available for
leaching into the environment and foods. In light of recent public attention over
the presence of endocrine active compounds in the environment, some of which are
believed to be leachates from plastics, studies were conducted to understand
whether a wide range of monomers utilized in the manufacture of many of
Eastman’s plastics possessed the ability to bind to and activate either estrogen and
androgen receptors. Assessment for their binding potential to estrogen (alpha and
beta) and androgen receptors was evaluated by computer modeling (QSAR) as well
as through the use of a fluorescent labeled ligand displacement assay. In addition to
understanding their binding affinity potentials the monomers were assessed for
their ability to activate estrogen receptors usingT47D-KBluc cells and androgenic
receptors using MDA-KB2 cells. Quantification of the response in both assays is
based on the activation and expression of a promoter linked luciferase gene. Results
of all studies using a very wide range of concentrations (-7.52 to -3M) clearly
demonstrate that there was a lack of an interaction with these monomers to either
the estrogen or androgen receptors. Cytotoxicity was not observed at any exposure
level. When these in vitro results are coupled with data from in vivo systemic toxicity studies also conducted on these chemicals the evidence clearly indicates that
these monomers would be unlikely to pose an estrogenic or androgenic risk to humans or the environment.

2194

CADMIUM DISRUPTS GLUCOSE-STIMULATED
INSULIN RELEASE AND ALTERS BETA CATENIN
IMMUNO-LABELING IN ISLETS.

J. Edwards, J. Nguyen and A. Goodman. Department of Pharmacology,
Midwestern University, Downers Grove, IL.
There is increasing interest in how environmental contaminants can contribute to
the onset of diabetes. Multiple epidemiological studies show that exposure to the
metal cadmium (Cd), is associated with diabetes and reduced serum insulin. One
goal of this study was to examine the acute effects of Cd on insulin release. Islets
were isolated from rats then allowed to recover until the next day when the experiments were conducted. Individual islets were incubated in physiological buffer for
4 hours containing either low (0.5 mg/ml) or high (3.0 mg/ml) glucose with or
without Cd (1000, 100 and 10 nM) present. In the low glucose buffer, Cd caused a
nearly two fold increase in insulin release at all concentrations of Cd examined.

However, when islets were incubated in high glucose buffer there was a 10 fold decrease in insulin release in islets exposed to 1000 nM Cd. Similar decreases in glucose-stimulated insulin release were observed in islets incubated in buffer containing 100 and 10 nM Cd. To further determine the effects of Cd on islet cell biology
and function, male Sprague Dawley rats were injected subcutaneously with either
saline (control) or Cd (0.6 mg Cd/kg/day, 5 days per week). After 6, 9 and 12
weeks of Cd treatment, pancreatic tissue samples were removed then fixed in formalin. Later, pancreata were sectioned and immuno-stained for beta catenin. Coimmuno-labeling of insulin was performed to ensure that the changes in beta
catenin labeling occurred in islets and not the more ubiquitous acinar cells.
Interestingly, all islets from animals exposed to Cd, at all time points examined,
showed increased staining for beta catenin. The current study shows that the environmental contaminant, Cd, disrupts glucose-stimulated insulin release at very low
levels and is associated with increased beta-catenin labeling, a protein associated
with cell-cell adhesion.

2195

A QUALITATIVE COMPARISON OF PORCINE AND
RODENT THYROPEROXIDASE—EFFECTS OF
ENVIRONMENTAL CHEMICALS.

J. M. Hedge1, K. M. Crofton1, K. R. Grant2, K. B. Paul3, E. Burgess4, E.
Nevalainen4 and M. W. Hornung5. 1Integrated Systems Toxicology Division,
NHEERL, ORD, US EPA, Research Triangle Park, NC, 2Curriculum in
Environmental Technology & Management, North Carolina State University, Raleigh,
NC, 3Curriculum in Toxicology, UNC, Chapel Hill, NC, 4Student Services
Contractor, USEPA, Duluth, MN and 5Mid-Continent Ecology Division, NHEERL,
ORD, USEPA, Duluth, MN.
A wide variety of environmental chemicals alter the function of the thyroid system
in many animal species. Thyroperoxidase (TPO), the enzyme that synthesizes thyroid hormone, is one of the known biochemical targets for thyroid disrupting
chemicals (TDC). The majority of the in vivo toxicological research on TDCs is
conducted in rats whereas most TPO research has been conducted using porcine
thyroid microsomes. The sensitivity of porcine and rodent microsomes for TPO inhibition using known TDCs and chemicals of unknown activity was compared to
establish the species concordance. Microsomes were isolated from rat and pig thyroid glands and the TPO assay was performed based on the guaiacol oxidation
method. Concentration response curves were derived for the following chemicals:
methimazole (MMZ); dibutylphthalate; diethylhexylphthalate; diethylphthalate;
Triclosan; p-nonylphenol; 6-propylthiouracil (PTU); sodium perchlorate (PERC);
iopanoic acid, 4-propoxylphenol (4POP); 5,5-dimethylpyrazole-1-methanol
(DPM) and 2-mercaptobenzothiazole (MBT). Of these tested chemicals, MMZ,
PTU, MBT, DPM, 4POP and PERC inhibited TPO activity. Results demonstrate
a qualitative concordance of response between the two species. All chemicals that
inhibited TPO in porcine microsomes also inhibited TPO in rat microsomes. The
derived IC50 values revealed slight differences in relative potency between species.
MBT, PTU, and DPM exhibited greater relative potency in rats than pigs, but rank
order potency for inhibition was similar with PTU>MBT>DPM>4POP=PERC.
These results support the extrapolation of porcine TPO data on environmental
chemicals to potential activity in in vivo rodent studies. This abstract does not necessarily reflect the policy of the US EPA.
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MENOPAUSAL SUPPLEMENTS, GENISTEIN AND 8PN
INDUCE ESTROGEN-DEPENDENT TUMOR CELL
GROWTH AND COUNTERACT THE EFFICACY OF
TAMOXIFEN AND LETROZOLE IN IN VITRO BREAST
CANCER MODEL.

M. van Duursen, E. J. Smeets, S. M. Nijmeijer and M. van den Berg. Institute
for Risk Assessment Sciences, Utrecht University, Utrecht, Netherlands.
The sudden onset of menopausal symptoms is a common side effect of breast cancer treatment with e.g. the selective estrogen receptor (ER) modulator tamoxifen
(TAM) or aromatase inhibitor letrozole (LET). To alleviate these symptoms,
women often use alternative medicines that can contain the phytoestrogens genistein (GEN) or 8-prenylnaringenin (8PN). In this study, the potential interaction
with TAM or LET was determined for GEN, 8PN and four commercially available
menopausal supplements. For that, human adrenocorticocarcinoma H295R cells
were co-cultured with MCF-7 cells. In this co-culture, interaction with the estrogen-producing enzyme aromatase (CYP19, in H295R), ER (in MCF-7) and subsequent effect on cell proliferation were studied and relative proliferative potencies
(RPP) were calculated. In addition, a reporter-gene assay was used to determine ER

SOT 2012 ANNUAL MEETING

473

activation and calculate relative estrogenic potencies (REPs). GEN, 8PN and all
supplements concentration-dependently increased cell proliferation and activated
the ER. The RPP of GEN and two supplements was 5- to 185-fold higher than the
REP. This suggests that these compounds affect cell growth both through interaction with CYP19 and the ER. This was corroborated by the induction of CYP19
activity, CYP19 expression and estrogen production in the co-culture model. All
tested compounds could overcome cell growth inhibition by LET. Conversely, the
growth inhibition by 4-OH-TAM could only be negated at concentrations higher
than 3 nM (E2), 1.6 μM (GEN) and 0.2 μM (8PN), but not by the supplements.
The effect concentrations of GEN and 8PN were within the range of plasma levels
that can be found upon consumption of GEN or 8PN supplements. These data indicate that using phytoestrogen-containing menopausal supplements can potentially reduce the efficacy of breast cancer treatment.

2197

BIOMARKERS OF PERCHLORATE EXPOSURE ARE
CORRELATED WITH CIRCULATING THYROID
HORMONE LEVELS IN THE 2007–2008 NHANES.

W. M. Mendez. ICF International, Fairfax, VA. Sponsor: M. Selgrade.
The relationships between biomarkers of perchlorate exposure, other covariates,
and levels of circulating thyroid hormones in subjects from the 2007–2008
NHANES were investigated using generalized additive mixed models (GAMMs).
Consistent, statistically significant relationships were found between biomarkers of
exposure to perchlorate, and serum thyroid hormone levels in male and non-pregnant female subjects age 12 years and older. These relationships were detected in
models which also included age, ethnicity, income, and behavioral covariates
(smoking, prescription medication consumption.) The models also adjusted for the
presence of biomarkers of phthalate ester exposures, which have previously been
shown to influence thyroid hormone measurements in these same subjects.
(Meeker and Ferguson, 2011) Urinary biomarker measurements were highly correlated with one another, and significant relationships between perchlorate and
T3/T4 levels could only be detected when urinary biomarkers values were individually adjusted for creatinine secretion. Perchlorate regression coefficients were significant for total and free T4 and total T3 in males and female subjects, and marginally significant for free T4 levels in males. For male subjects but not females,
regression coefficients for thiocyanate were significant in one or more regressions.
In all models, the signs of the perchlorate and thiocyanate coefficients were negative, consistent with the hypothesis that low-level exposure to perchlorate and other
goitrogens can reduce the levels of circulating thyroid hormones, possibly by inhibition of thyroid iodine uptake. Reference: Meeker, JD, Ferguson, KJ. (2011 ).
Relationship between Urinary Phthalate and Bisphenol A Concentrations and
Serum Thyroid Measures in US Adults and Adolescents from NHANES 2007-08
http://dx.doi.org/10.1289/ehp.1103582

6 ovariectomized rats were dosed for 3 days: vehicle control, 17α-Ethynylestradiol
(E) positive control at 0.003 mg/kg/d, G 100, 300 and 1000 mg/kg/d. Absolute
uterine wet and blotted weights in the positive control group were respectively
356% and 859% of the vehicle control. Absolute wet and blotted uterine weights in
the glyphosate treated groups were comparable to the vehicle control. Based on
these results, glyphosate does not exhibit endocrine disruption in the Hershberger
and Uterotrophic assays.

2199

S. Gehen1, V. Kramer1, S. Papineni1, S. Marty2 and D. Juberg1. 1Dow
AgroSciences LLC, Indianapolis, IN and 2The Dow Chemical Company, Midland,
MI.
Chlorpyrifos, a non-systemic insecticide used on a variety of crops, has one of the
most extensive toxicological databases for any regulated chemical. Based on EPA
exposure-based prioritization, chlorpyrifos was included on the 1st list of chemicals
to be screened under the Endocrine Disruptor Screening Program (EDSP) which
consists of 11 in vitro and in vivo screening level assays. Following completion of
EDSP Tier 1, a weight of evidence (WOE) evaluation was conducted to determine
if chlorpyrifos has the potential to interact with estrogen, androgen or thyroid
(EAT) endocrine systems. All relevant lines of evidence, including the EDSP Tier 1
data-set, peer reviewed literature and GLP registration studies, were systematically
evaluated for quality, consistency, specificity, and reproducibility. Next, hypotheses
were generated and lines of evidence were constructed into a WOE framework
based on the 5-level OECD endocrine conceptual framework. Single end-point in
vivo studies (e.g. Hershberger) received greater weight than in vitro assays, and
those receiving the greatest weight were apical in vivo studies (e.g. level 5 multigeneration reproduction). To explain observations in the in vivo EDSP screens that
could be considered ‘false positive’ responses, alternative hypotheses involving a
well-studied chlorpyrifos mode of action, cholinesterase inhibition, were explored.
For example, in the amphibian metamorphosis assay, delayed developmental stage
and reduced growth were explained by and correlated with cholinesterase inhibition
in the absence of effects on thyroid histopathology. In level 5 studies in mammals,
adverse effects have not been observed on key endpoints including male or female
fertility, litter size or viability, or number of embryos implanted in the uterus.
Results of this evaluation will be presented and conclusions drawn on whether
chlorpyrifos has the potential to interact with EAT hormone systems. It is important to conduct a WOE evaluation across data levels as this provides critical insight
on the utility of the EDSP.
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NO EVIDENCE OF ENDOCRINE DISRUPTION BY
GLYPHOSATE IN HERSHBERGER AND
UTEROTROPHIC ASSAYS.

WEIGHT-OF-EVIDENCE EVALUATION OF
ENDOCRINE DISRUPTION POTENTIAL FOR
CHLORPYRIFOS.

IN VITRO ASSESSMENT OF ESTROGENIC
BIOACTIVITY IN COMPLEX ENVIRONMENTAL
EFFLUENTS.

D. Saltmiras1, 2 and A. Tobia3, 2. 1Monsanto, St. Louis, MO, 2JGTF, Raleigh, NC
and 3Nufarm, Morrisville, NC.

M. C. Cardon1, P. C. Hartig1, L. Yonkos2, S. Hutchins3 and V. S. Wilson1.
1Reproductive Toxicology Branch, US EPA, Research Triangle Park, NC, 2Wye
Research and Education Center, University of Maryland, Queenstown, MD and
3NRMRL, GWERD, US EPA, Ada, OK.

The Food Quality Protection Act and Safe Drinking Water Act amendments
(1996) required the USEPA to develop the Endocrine Disruptor Screening
Program (EDSP), which currently consists of 11 Tier 1 screening assays to evaluate
potential for a chemical to interact with the endocrine system. The first list of 67
compounds subject to the EDSP, which included glyphosate, were selected for
screening based on their potential for exposure rather than suspected interference
with the endocrine system. The potential for glyphosate (G) to induce endocrine
disruption has now been evaluated in the Hershberger and Uterotrophic assays, the
two most well validated in vivo EDSP Tier 1 assays. The Hershberger assay screens
for androgen agonists, androgen antagonists and 5α-reductase inhibitors. Nine
groups of 6 orchidoepididymectomized rats were dosed for 10 days: vehicle control,
testosterone propionate (TP) positive control at 2 mg/kg/d, flutamide/TP, G 100,
300 and 1000 mg/kg/d, G+TP 100, 300 and 1000 mg/kg/d. TP treatment induced
an expected increase in all five androgen sensitive organ (ASO) weights (bulbourethral gland, glans penis, ventral prostate, LABC muscle group, seminal vesicles) while co-treatment with the anti-androgen flutamide induced the expected decrease in ASO weights compared to the TP-only treatment. No evidence of
androgenicity, anti-androgenicity or 5α-reductase inhibition was noted in any G
treated group. All ASO weights were comparable to the respective control following
10 days of treatment. The Uterotrophic assay evaluates estrogenicity. Five groups of

Environmental effluents contain a diversity of chemicals, can originate from a variety of sources, and have been found to contain estrogenic and/or androgenic activity. In this study, samples were collected from targeted sites or as runoff from an
agriculture field that was sprayed with poultry manure/litter. These collections were
made after initial manure/litter application, then days after application or when
there had been a significant amount of rain to produce runoff. Estrogenic activity
of environmental water samples was determined in an estrogen-dependent luciferase assay. T47D-KBluc cells are human breast cancer cells that express both estrogen receptor (ER) alpha and ER beta and are stably transfected with a triplet estrogen response element promoter and a luciferase reporter gene construct (Wilson
et al.,2004). This reporter gene assay is sensitive, specific, and has a short turn
around time for determining estrogenic activity. Estrogen equivalents (EEQs) are
used to standardize relative estrogen activity for comparison within and between
studies. Over a 3-year period estrogenicity of litter-influenced runoff / receiving
water increased for approximately 4-9 days after each application before declining.
In vitro bioactivity was consistent with analytical chemistry results for estrone (E1)
and estradiol (E2). Increases in estrogens between day 0 and day 9 were hypothesized to occur due to microbial deconjugation of glucuronide and sulfate groups to
produce bioactive E1 and E2 which then were further degraded to inactive forms.
The biological activity of the samples based on our EEQ data corresponded well
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with the analytical chemistry data (GC/MS/MS analysis). Analytical chemistry results and EEQ results were consistent with vitellogenin induction in male fish.
Disclaimer: This abstract does not necessarily reflect US EPA policy.

2201

ATP-BINDING CASSETTE (ABC) TRANSPORTERS
PRESENT IN THE BLOOD-TESTIS BARRIER ARE
POTENTIAL DETERMINANTS IN ENDOCRINE
DISRUPTION.

A. C. Dankers1, M. B. van Duursen2, F. C. Sweep3, F. G. Russel1 and R.
Masereeuw1. 1Pharmacology and Toxicology, Radboud University Nijmegen Medical
Centre, Nijmegen, Netherlands, 2Endocrine Toxicology, Institute for Risk Assessment
Sciences, Utrecht University, Utrecht, Netherlands and 3Laboratory Medicine,
Radboud University Nijmegen Medical Centre, Nijmegen, Netherlands.
Endocrine-disrupting chemicals (EDCs) are exogenous agents that interfere with
steroid hormone function. In males, the testis is highly susceptible for EDC-induced toxicity. Efflux transporters expressed in the blood-testis barrier might influence the exposure to chemicals. Among these are the ABC transporters, P-glycoprotein (P-gp/ABCB1), breast cancer resistance protein (BCRP/ABCG2) and
multidrug resistance protein 1 (MRP1/ABCC1). Here, we hypothesized that these
efflux transporters are key determinants in EDC-induced testis toxicity.
Selected EDCs included bisphenol A (BPA), bis(2-ethylhexyl) phthalate (DEHP),
mono(2-ethylhexyl) phthalate (MEHP), perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid (PFOS). Their interaction with human P-gp, BCRP and
MRP1 transport activity was tested in membrane vesicles of HEK293 cells, overexpressing the transporters. Next, ATP-dependent transport of radiolabeled substrates
into the vesicles was determined.
None of the compounds significantly inhibited the activity of the transporters at 1
and 10 μM. At 100 μM, DEHP and MEHP did not interfere with transport activity of the three transporters tested. In contrast, BPA (100 μM) reduced BCRP activity with 81.4 ± 5.0 %, whereas BPA did not influence the activity of P-gp and
MRP1. PFOA (100 μM) inhibited the activity of P-gp, BCRP and MRP1 with
31.0 ± 4.2 %, 68.5 ± 2.3 % and 32.7 ± 1.5 %, respectively. The inhibitory effects
of PFOS (100 μM) were most pronounced, with 60.6 ± 4.5 %, 73.3 ± 2.6 % and
61.7 ± 2.2 % reduction in the activity of P-gp, BCRP and MRP1, respectively.
Our data show that BPA, PFOA and PFOS inhibit P-gp, BCRP and/or MRP1 activity, indicating that these EDCs might act as male toxicants through interaction
with the efflux pumps in the blood-testis barrier.

2202

HUMAN T47D BREAST CANCER CELLS WITH
TETRACYCLINE-DEPENDENT ERα/ERβ EXPRESSION
AS AN IN VITRO MODEL FOR ERα/ERβ RATIO
DEPENDENT RESPONSES IN BREAST TISSUE.

N. Evers1, A. Murk1, A. Ederveen2, I. Rietjens1 and J. Groten1. 1Toxicology,
Wageningen University, Wageningen, Netherlands and 2Pharmacokinetics
Pharmacodynamics & Drug Metabolism, MSD, Oss, Netherlands.
The T47D-ERβ breast cancer cell line with tetracycline dependent ERβ expression
and constant ERα expression is used to investigate the effect of different intracellular ERα/ERβ ratios on estrogen induced cellular responses. The aim of the present
study was to compare ERα/ERβ expression levels in rat and human breast and
other estrogen sensitive tissues in vivo with levels found in the T47D-ERβ cell line
exposed to variable tetracycline concentrations, and to determine at which tetracycline levels the T47D-ERβ model mimics the ERα/ERβ ratio in these tissues. Both
RNA (qPCR) and protein (Western blot) levels of ERα and ERβ were analyzed in
T47D-ERβ cells exposed to a range of tetracycline concentrations and compared to
the levels found in breast, prostate, and uterus from Sprague Dawley rat and human
origin. The ERα/ERβ ratio in T47D-ERβ cells exposed to 50 ng/ml tetracycline
and higher is comparable to the ratio in rat mammary gland. The ERα/ERβ ratio
in human breast tissue is mimicked in T47D-ERβ cells exposed to 35 ng/ml tetracycline or more. The ERα/ERβ ratio of other estrogen sensitive rat and human tissue can also be mimicked in the T47D-ERβ cells, although the use of the T47D
breast cancer cells with tetracycline dependent ERα/ERβ expression as a model for
estrogen sensitive tissue other than breast may be hampered by differences in the
role of coactivators and corepressors and possible differential ERα and ERβ expression between different cell types in these tissues. The results of the present study
gives insight in experimental conditions under which the ERα/ERβ ratio of the
T47D-ERβ cell model is comparable to breast and other estrogen sensitive tissues
in vivo which is an important step in the validation of the model to mimic especially rat and human breast tissue.

2203

ANALYSIS OF HORMONE LEVELS IN H295R CELL
CULTURE SUPERNATANTS USING LC-MS/MS
ANALYSIS IN AGREEMENT WITH CURRENT OECD
AND OPPTS TESTGUIDELINES.

S. Kolle2, T. Walk1, M. Dostler1, D. Ahlbory-Dieker1, T. Ramirez2, V. Strauss2,
R. Looser1 and B. van Ravenzwaay2. 1Metanomics GmbH, Berlin, Germany and
2BASF SE, Ludwigshafen, Germany. Sponsor: R. Landsiedel.
Endocrine disruption (ED) is a topic under current scientific and political debate.
Therefore, much effort has been done to establish in vitro methodologies that could
give reliable insights into the ED mechanisms of compounds without the use of animals, including those proposed in the US Endocrine Disruptor Screening Program
(EDSP). Amongst those methods, the steroidogenesis assay aims to identify compounds that interfere with the steroid hormone synthesis. It uses the human
adreno-carcinoma cell line H295R, which harbours the genes encoding key enzymes for steroidogenesis. The read-out of the assay is the change in estradiol (E2)
and testosterone (T) levels in the cell culture supernatants. In contrast to; most
commonly used RIA or ELISA, analytical methods such as LC-MS/MS can determine several hormones in parallel and largely avoid cross-reactivity of the test substance. Herein, we report our cross-validation analysis of ELISA and LC-MS/MS
data obtained from measurement of E2 and T produced in H295R cells exposed to
substances with known effects on hormone synthesis. The linear regression factor
exhibited a great correlation of R≥ 0.9. In summary, the LC-MS/MS measurement
is an efficient alternative to the ELISA analysis for the measurement of steroid hormones produced by H295R cell system not only because it reduces costs, time and
avoids cross-reactivity artefacts, but also it enable us to enhance the read-out of the
steroidogenesis assay, since in parallel to E2 and T, we can determine further steroid
hormones, which can be of great relevance to identify specific targets of test substances and hence may provide useful information for elucidation of putative ED
mode of action.

2204

EFFECT OF ENDOCRINE DISRUPTORS ON
METABOLITE PROFILES.

V. Strauss1, H. Kamp1, E. Fabian1, M. Herold2, G. Krennrich1, W. Mellert1,
R. Looser2, A. Prokoudine2, T. Walk2, J. Wiemer2 and B. van Ravenzwaay1.
1BASF SE, Ludwigshafen, Germany and 2metanomics GmbH, Berlin, Germany.
Sponsor: R. Landsiedel.
BASF SE and metanomics GmbH launched a project measuring metabolite profiles in rat serum to predict toxicological risks with one repeated dose screening
study. For that purpose, a comprehensive database (MetaMapÒ Tox) has been established with about 500 pharmaceutical, chemical and agrochemical compounds.
About 300 metabolites were measured in plasma samples of dosed Wistar rats after
administration for 7, 14 and 28 days. Sets of common metabolite level changes
(metabolite pattern) were arranged to characterize several toxicological modes of action.
Endocrine disruption is a main toxicological issue in the development of chemicals
and agrochemicals. Reliable detection of endocrine disruptors at an early development phase is important. Therefore, we established a metabolite pattern in male
rats after administration of compounds decreasing endogenous androgen synthesis
(i.e., Trenbolone, 17a-Methyltestosterone, 17a-Ethinylestradiol and Tamoxifen)
and opposed it to that of androgen synthesis increasing compounds (i.e.,
Cyproteron acetate, Flutamide, Aromatase inhibitor). Metabolite level changes
apart from hormones can be explained mechanistically as consequence of disruption of the steroid synthesis homeostasis.

2205

EVALUATION OF POTENTIAL ENDOCRINE ACTIVITY
OF ISOPHORONE IN THE TIER I IN VIVO
MAMMALIAN ASSAYS.

N. M. Berdasco, S. Marty, A. K. Andrus, C. L. Zablotny, K. J. Brooks and V.
A. Marshall. Toxicology and Environmental Research and Consulting, The Dow
Chemical Company, Midland, MI.
Isophorone, a solvent and crop protection inert, was included on the US EPA 1st
priority list for the Endocrine Disruptor Screening Program (EDSP). EDSP Tier I
includes 4 in vivo mammalian assays (uterotrophic, Hershberger, male and female
pubertal assays) to examine a chemical’s potential to interact with estrogen, androgen or thyroid signaling. Isophorone high dose levels were selected to avoid significant acute irritation (subcutaneous (sc) dosing at 75 mg/kg/day (mkd)) or to avoid
excessive systemic toxicity (oral dosing at 1000 mkd). For the uterotrophic assay,
ovariectomized CD rats (6/dose) were treated with 0-50 mkd isophorone sc for 3
days. Body weight gains were decreased at 50 mkd, but neither wet nor blotted
uterine weights were increased. For the Hershberger assay, castrated male CD rats
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(7/dose) were dosed orally for 10 days with 0-800 mkd isophorone with or without
sc 0.4 mkd testosterone propionate (TP). Liver weights were significantly increased
at 400 and 800 mkd; however, accessory sex tissue weights were not altered with or
without TP. For the pubertal assays, immature female and male CD rats (16/dose)
were given 0-800 mkd isophorone by gavage from postnatal day (PND) 22-42 or
23-53, respectively. In females, percent cycling and regular cycles were slightly decreased at 800 mkd with concurrent increases in cholesterol, liver weights, and decreases in serum urea nitrogen (UN). In the male assay, puberty onset was significantly delayed (1.8 d) at 800 mkd; liver weights increased, and serum testosterone,
UN, alkaline phosphatase and chloride decreased. Unadjusted seminal vesicle
weights were decreased, but this decrease was not significant when adjusted for
PND 23 body weights. There were no effects on androgenic endpoints at 200 mkd.

2206

BISPHENOL-S DISRUPTS E2-INDUCED
NONGENOMIC SIGNALING IN AN MERα-ENRICHED
(GH3/B6/F10) RAT PITUITARY CELL LINE.

R. Vinas and C. S. Watson. Biochemistry & Molecular Biology, University of Texas
Medical Branch, Houston, TX.
Bisphenol-A (BPA) is a well known endocrine disruptor that is able to mimic the
effects of physiological estrogens via membrane bound estrogen receptors (mERα,
mERβ, GPER/GPR30) thereby initiating non-genomic signaling (e.g. mitogen activated protein kinases, Ca2+ release) and functional responses (prolactin release).
More stringent government regulations on the amount of BPA produced, has led to
the development of alternative and more heat stable bisphenol compounds as substitutes; one such alternative is bisphenol-s (BPS). This study aimed to characterize
the effects of BPS on kinase signaling pathways, alone and together with a physiological estrogen, estradiol (E2). Using the GH3/B6/F10 rat pituitary cell line we
quantified phosphorylations of E2-induced extracellular signal-regulated kinases
(ERKs) and c-Jun-N-terminal kinase (JNKs) by a quantitative high-throughput
plate immuno-assay. BPS as a lone compound was able to elicit phospho-activation
of ERK in a nonmonotonic dose-(fM-nM) and time-dependent (2.5-60min) manner. When combined with E2 [1nM] the physiological estrogen’s response was attenuated. In both instances BPS (alone and in a mixture) featured non-monotonic
dose responses. BPS was unable to activate JNK. In contrast, the combination of
E2 and BPS generated a non-monotonic dose-response. The ability of BPS to activate the ERK signaling pathway and deactivate the JNK pathway suggests that BPS
may influence and promote cell proliferation. Dose-dependent studies revealed that
BPS caused cell proliferation with similar proliferative effects as E2 while the combination of the two chemicals resulted in a decline in cell numbers implicating an
active apoptotic response. Higher levels of caspase - 8 vs. 9 activities over a 24hr exposure period demonstrated that BPS is more likely to initiate cell death via the extrinsic pathway. These results indicate that BPS, a novel compound proposed as a
substitute for BPA, possesses the ability to disrupt membrane initiated E2 - cell signaling leading to changes in cell number.

2207

A HUMAN COCULTURE MODEL TO STUDY
ENDOCRINE DISRUPTION OF PLACENTAL-FETAL
COMMUNICATION.

J. Sanderson, A. Hudon Thibeault, H. Clabault and C. Vaillancourt. Institut
Armand-Frappier, INRS, Laval, QC, Canada.
Correct placental-fetal communication is essential for healthy pregnancy and sex
steroid hormones play an important role in maintenance of pregnancy and fetal development. Concerns exist about effects of contaminants and medications on fetal
health; however, in vitro tools to study adverse effects on the endocrine function of
the fetoplacental unit do not exist. We hypothesize that disruption of the endocrine
interactions between placenta and fetus results in obstetric complications and reduced fetal health. We have developed a coculture of human trophoblast-like BeWo
and fetal-like adrenocortical H295R cells as a steroidogenic model of the fetoplacental unit, capable of producing de novo fetal androgens, as well as placental estrogens and human chorionic gonadotropin (hCG). Coculture medium did not affect proliferation rate of either cell line. Production of hCG, a marker of
trophoblast function and syncytium formation, was systematically elevated (1.5fold) in coculture compared to native medium, but exposure to forskolin, which induces BeWo cell syncytialization, resulted in similar fold increases in hCG levels.
Coculture medium did not affect aromatase (CYP19) activity in either cell type,
with basal activities about 20-fold greater in BeWo than H295R cells. In coculture,
forskolin (10 μM) preferentially induced aromatase activity in H295R, and PMA
(1 μM) in BeWo cells. The herbicide atrazine (30 μM) induced aromatase activity
(2.5-fold) in H295R cells, but only slightly in BeWo cells in coculture. The antidepressant fluoxetine induced aromatase activity concentration dependently to about
3-fold at 10 μM in BeWo cells in single culture as well as in coculture with H295R
cells, whereas no effect on aromatase activity in H295R cells was observed.
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Fluoxetine (0.3 μM) appeared to stimulate BeWo cell migration in co-culture over
a 72 h period, as did 30 pM estradiol. We conclude that a coculture of BeWo and
H295R cells shows promise as an in vitro model for the study of placental-fetal
communication and possible endocrine disruption by drugs and toxic chemicals.

2208

EFFECT OF LETROZOLE, AN AROMATASE INHIBITOR,
ON SKELETAL AND SEXUAL MATURATION IN RATS.

R. Samadfam1, L. Pouliot1, K. Robinson1, M. DeCristofaro2, M. Schneider2
and S. Y. Smith1. 1Toxicology, Charles River Preclinical Services, Senneville, QC,
Canada and 2Novartis Pharmaceuticals Corporation, East Hanover, NJ.
Aromatase is the enzyme catalyzing the last step of estrogen production in the ovary
and in peripheral tissues (males-converting testosterone to estrogen). Sex hormones
are involved in the regulation of bone growth during puberty and maintaining bone
mass in adulthood. The objective of this study was to determine the effect of letrozole on bone growth and density when administered orally to juvenile rats (beginning on day 7 post partum) for up to 12 weeks followed by a 6 week recovery period. The effect on the reproductive system was also evaluated. Pups (20/sex/group)
were assigned to four groups each receiving daily oral gavage of either vehicle control or letrozole at 0.003, 0.03 and 0.3 mg/kg/day. 10 per group were sacrificed at
the end of the treatment period (day 92 pp) and the remaining animals were sacrificed following a 6 week recovery period (day 134 post partum). Dose dependent
increases in femur and lumbar spine length for females and decreases for males were
noted compared to controls. Bone geometry parameters assessed by pQCT were
consistent with smaller bones for males and larger bones for females. Bone densitometry parameters (area, BMC and BMD) were all decreased for males and increased for females at the femur and whole body. The effects on bone length and
area for both males and females, in most part correlated with the body weight gains
(lower for males and higher for females). No effect was noted on the cortical BMD.
Evaluation of the reproductive system indicated delayed sexual maturation for both
males and females indicated delayed sexual maturation. Decreases in sperm count
and mobility and uterus and/or vaginal atrophy were noted. In conclusion, the
findings indicate that letrozole has the same effect in both males and females resulting in a delay in bone maturation and prevention of pubertal progression. These results provide unique insight into the effects of sex steroid hormones on bone
growth and development in male and female rats.

2209

VALIDATED ANALYSIS METHOD FOR 2-ETHYLHEXYL
P-METHOXYCINNAMATE IN VERIFIED CASEIN 5K96
RODENT DIET.

B. J. Collins2, K. L. Aillon1, A. K. Sullivan1, R. L. Mathias1, K. D. Adams1, J.
Algaier1, R. K. Harris1, B. S. McIntyre2 and C. S. Smith2. 1MRIGlobal, Kansas
City, MO and 2National Toxicology Program, DNTP, NIEHS, Research Triangle
Park, NC.
2-Ethylhexyl p-methoxycinnamate (EHMC) is an active ingredient in 90% of topically applied sunscreens. Although EHMC is protective against UVB radiation,
studies have reported conflicting data on the estrogenic and reproductive effects of
EHMC. Due to the lack of complete toxicological characterization, EHMC has
been selected for study by the National Toxicology Program (NTP) via dermal and
oral (feed) routes.
In this work, EHMC was formulated in the phytoestrogen free rodent diet, Verified
Casein 5K96 (LabDiet, St. Louis, MO), and evaluated for homogeneity and storage
stability. After preparing homogeneous formulations using a Twin Shell Blender,
EHMC was quantitatively extracted using methanol and analyzed using gas chromatography with flame ionization detection (GC/FID). The GC/FID method was
validated to quantitate EHMC in formulations from 400 to 25,000 μg/g; and was
determined to be linear (r ≥ 0.999; 1/x weighted linear regression), precise (≤ 3.0%
RSD), and accurate (%RE from -4.6 to 5.1%).
Storage stability was performed over 42 days on a 2,250 μg/g formulation stored
under ambient, refrigerated, and freezer conditions. The results indicated the formulation could be used up to 35 days, when stored under refrigerated conditions,
before observed losses were ≥ 10%. A 7-day simulated dose stability study was conducted on the 2,250 μg/g formulation. Samples of formulation alone and formulation mixed with rodent urine and feces were stored in feed hoppers at 25°C, 50%
RH, and 12-hr light/dark cycle. Over 7 days, ≤ 10% loss was observed in the formulation with and without urine and feces, suggesting that feed hoppers could be
changed weekly and still maintain consistent dose concentrations during toxicological studies. Overall, the analytical method was demonstrated to be linear, accurate
and precise, and the formulations were shown to have acceptable homogeneity and
storage characteristics.

2210

ENDOCRINE DISRUPTING EFFECTS OF CONAZOLE
FUNGICIDES ON MALE SEX STEROIDOGENESIS.

M. J. Roelofs1, 2, M. E. Flores Guillén1, M. van den Berg1, B. J. Blaauboer1, A.
H. Piersma2, 1 and M. B. van Duursen1. 1Institute for Risk Assessment Sciences,
Utrecht University, Utrecht, Netherlands and 2National Institute for Public Health
and the Environment, Bilthoven, Netherlands.
Conazole fungicides are widely used antifungal chemicals to which especially workers in agricultural professions are exposed. Several effects (e.g. anti-androgenic, disturbance of sex steroid biosynthesis, developmental, embryo- and hepatotoxicity)
have been suggested. At present, no appropriate in vitro alternative assay is available
to screen for effects on key targets in male toxicity. In this study, we evaluated effects of three conazole fungicides, flusilazole (FLU), ketoconazole (KET), and tebuconazole (TBCZ) on sex steroidogenesis and androgen receptor activation using the
human adrenocorticocarcinoma cell line (H295R) and T47D-ARE cell line (ARE),
a breast cancer cell line stably transfected with an androgen responsive element with
a firefly luciferase reporter gene. Enzyme activity of cytochrome P450 17 (CYP17)
and 19 (CYP19, aromatase) were measured using a commercially available RIA kit
for DHEA and the tritiated water release assay, respectively. Androgen response was
measured via luciferase assay. FLU and KET showed a concentration-dependent inhibition of DHEA production in H295R cells (IC50 = 48.4 and 1.2 μM, respectively), whereas TBCZ did not. On the other hand, KET and TBCZ increased
CYP19 activity in a concentration-dependent manner (EC50 = 0.6 and 1.1 μM, respectively). FLU increased CYP19 activity at concentrations up to 0.3 μM but inhibited CYP19 activity at higher concentrations. Androgen receptor (AR) activation was inhibited by FLU and KET in a concentration-dependent manner as
compared to the testosterone control with an IC50 of 5.6 and 5.4 μM, respectively.
TBCZ did not affect AR activation. Our results show that conazole fungicides
might cause male toxic effects through inhibition of androgen synthesis and acting
as AR antagonist, two key steps in male fertility and spermatogenesis.

2211

IN VITRO AND IN VIVO METHODS FOR ASSESSING
ENDOCRINE DISRUPTING CHEMICALS.

X. Wang and G. Du. Nanjing Medical University, Institute of Toxicology, Nanjing
Jiangsu, China.
The growing concern of Endocrine disrupting chemicals (EDCs) has emphasized
the need for a battery of screening assays which can address the potential effects on
human health. The major way by which EDCs disrupt the physiological process is
through interaction with the estrogen, androgen and thyroid hormone systems and
affecting the steroidogenesis pathway. Other pathways such as neuro-endocrine
pathway and development pathway are also susceptible to EDCs. Our laboratory
has set up a battery of assays to detect the endocrine-disrupting activities of EDCs.
ER/AR/TR mediated reporter gene assay, E-screening/T-screening, pS2 mRNA expression assay, ER competitive-binding assay, amphibian metamorphosis (Xenopus
laevis), H295R steroidogenesis assay can detect chemicals with (anti)estrogenic/androgenic/thyroid hormone activities, and identify chemicals that affect steroidogenesis. Neuroendocrine systems as targets for EDCs can be explored by male/female
rats puberty assays. Using hypothalamic GT-1 cell lines, we test chemicals’ effect on
GnRH system. Stem cell is a new model for assessing the potential toxic effects of
EDCs. We choose human/mouse embryonic stem cell (hESCs/mESCs) for toxicity
testing and developmental screening. Using these methods, we have screened the
endocrine-disrupting activities of several chemicals including phytoestrogens, industrial chemicals and pesticides (e.g. alkylphenols, bisphenol A and its halogenated derivatives, phthalates, pyrethroids, perfluorinated chemicals, carbaryl and
related metabolites).

2212

CADMIUM-INDUCED EFFECTS ON CELLULARSIGNALING PATHWAYS IN THE LIVER OF
TRANSGENIC ESTROGEN REPORTER MICE.

I. Ali1, P. Damdimopoulou2, S. I. Mäkelä3, M. Berglund1, U. Stenius1, A.
Adamsson4, A. Åkesson1, H. Håkansson1 and K. Halldin1. 1Institute of
Environmental Medicine, Karolinska Institute, Stockholm, Sweden, 2Department of
Biosciences and Nutrition, Karolinska Institute, Huddinge, Sweden, 3Department of
Cell Biology and Anatomy and Turku Center for Disease Modeling, Institute of
Biomedicine, University of Turku, Turku, Finland and 4Department of Physiology,
Institute of Biomedicine, University of Turku, Turku, Finland.
Estrogen-like effects of cadmium (Cd) have been reported in several animal studies,
and recent epidemiological findings suggest increased risk of hormone-dependent
cancers after Cd exposure. The mechanisms underlying these effects are still under
investigation. Our aim was to study the effects of Cd on cellular signaling pathways
in vivo with special focus on estrogen signaling, and to perform benchmark dose

(BMD) analysis. Transgenic adult ERE-luciferase male mice were exposed to 0.5500 μg CdCl2 per kg body weight (bw), and 17α-ethinylestradiol (EE2) was used
as a control. These doses had no effects on organ and body weights or testicular histology, indicating sub-toxic exposure levels. The transgene luciferase, reporting genomic estrogen response, was significantly increased by EE2 but not by Cd.
However, significant effects of Cd were observed on the phosphorylation of cytoplasmic kinases and on endogenous gene expression. Interestingly, the gene expression changes displayed traditional dose-response relationship, but the phosphorylation of Erk1/2 and Mdm2 was only affected by low concentrations. The BMDL
values calculated using 100% benchmark response (BMR) for the expression of
Mt1, Mt2, p53, c-fos, and Mdm2 were 92.9, 19.9, 7.6, 259 and 25.9 μg/kg bw, respectively. Our data suggest that Cd triggers biphasic, concentration dependent effects in vivo. Significant changes in the phosphorylation of Erk1/2 are present already after exposure to very low concentrations (0.5 μg/kg bw), rendering pErk1/2
a more sensitive indicator of exposure than gene expression changes. Finally, our
data suggest that the estrogen-like effects of Cd are likely to result from a mechanism different from steroidal estrogens.

2213

ESTROGENIC EFFECT OF CIGARETTE SIDESTREAM
SMOKE IN LUNG ADENOCARCINOMA CELLS.

L. Li, L. Kuo and P. Wu. Division of Environmental Health and Occupational
Medicine, National Health Research Institutes, Zhunan, Miaoli, Taiwan. Sponsor: P.
Lin.
Objective: Accumulating evidence suggests that women are more susceptible to
passive smoking-induced lung adenocarcinoma than men. Cigarette sidestream
smoke contains vast amounts of estrogen-like aromatic compounds in the particulate phase. We speculate that inhalation of cigarette sidestream smoke particulates
(CSSP) may alter the activity of estrogen receptor (ER) in lung adenocarcinoma
cells directly or indirectly through aryl hydrocarbon receptor (AhR), thus promoting lung adenocarcinoma progression in women.
Methods: The effects of a CSSP extract on ERα transactivation activity, nuclear
translocation, phosphorylation, and protein stability in the absence and presence of
17β-estradiol (E2) were examined by reporter transfection and immunoblotting in
lung adenocarcinoma cell lines that were engineered to display different ERα/AhR
expression phenotypes.
Results: The CSSP extract examined contained a dose-dependent estrogenic effect
on ERα activity regardless of AhR expression level and E2 status. E2 and CSSP induced ERα activation synergistically in ERα/AhR-overexpressing cells. ERα antagonist ICI 182,780 inhibited both E2 and CSSP from activating ERα. However, E2
and CSSP differentially regulated ERα nuclear translocation, phosphorylation, and
degradation. In contrast to rapid degradation under E2 and ICI 182,780, ERα was
rather stable under CSSP treatment, suggesting that CSSP had a long-lasting effect
on ERα.
Conclusion: CSSP exposure increases the estrogenic response of ERα-positive lung
adenocarcinoma cells. AhR and estrogen enhance the estrogenicity of CSSP.

2214

FORMULATION DEVELOPMENT AND ANALYSIS FOR
VARIOUS SUNSCREEN AGENTS IN CORN OIL
VEHICLE AND DMSO IN SUPPORT OF
TOXICOLOGICAL STUDIES.

J. C. Blake1, G. McNeill1, D. Coleman1, C. Crafford1, S. Norton1, M. A.
Silinski1, R. A. Fernando1, B. J. Collins2 and V. G. Robinson2. 1RTI
International, Durham, NC and 2NIEHS/NTP, Durham, NC.
Homosalate, 2-ethylhexyl-p-dimethyl aminobenzoate (padimate O), and ensulizole
are common ingredients found in commercial sunscreens. Due to their widespread
exposures, these chemicals are under investigation for their impact on human
health. Oral dose formulations of homosalate, padimate O, and ensulizole in a
common vehicle of corn oil were developed for use in animal toxicity studies. GC
methods were developed and validated for analysis of homosalate and padimate O
formulations with concentrations ranging 2.4-240 mg/mL for each analyte.
Formulations of ensulizole were analyzed by LC over the validated range 2.5-100
mg/mL. Validation parameters included linearity, accuracy, precision, stability, and
detection and quantitation limits. Formulations of each chemical with concentrations up to ~333 mg/mL were diluted into the validated ranges and analyzed with
acceptable precision and accuracy. Ensulizole formulations were homogeneous suspensions at 33 and 333 mg/mL. Formulations of all three test chemicals were found
to be stable under appropriate storage conditions (ambient and refrigerated for ~42
days) as well as under simulated dosing conditions.
The three chemicals were also formulated in DMSO for use in a complementary in
vitro toxicity assay. The DMSO solutions were analyzed using a common LC
method which was validated over the approximate range 0.2-15 mM for each analyte. Solutions of homosalate and padimate O with concentrations up to 30 mM
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were diluted into the validated ranges and analyzed with acceptable precision and
accuracy. For ensulizole, solutions of concentrations up to 20 mM were diluted successfully into the range, but ensulizole is insoluble above this level. The methods
were evaluated using the same criteria as for the corn oil formulation analyses.
DMSO solutions of the three chemicals were found to be stable under appropriate
storage conditions (ambient and refrigerated for ~42 days) as well as under simulated dosing conditions.

2215

DEFICIENCY IN THE NUCLEAR FACTOR-ERYTHROID
2-RELATED FACTOR 2 RENDERS PANCREATIC BETACELLS VULNERABLE TO ARSENIC-INDUCED CELL
DAMAGE.

B. Yang, J. Fu, K. Yarborough, C. G. Woods, P. Xue, Y. Hou, M. Yamamoto,
Q. Zhang, M. E. Andersen and J. Pi. The Institute for Chemical Safety Sciences,
The Hamner Institutes for Health Sciences, Research Triangle Park, NC.
Chronic human exposure to inorganic arsenic (iAs), a potent environmental oxidative stressor, is associated with increased incidence of diabetes, where impairment of
pancreatic beta-cell function is a key pathogenic factor. Nuclear factor-erythroid 2related factor 2 (Nrf2) is a central transcription factor regulating cellular adaptive
response to oxidative stress. However, persistent activation of Nrf2 in response to
chronic oxidative stress, including inorganic arsenite (iAs3+) exposure, blunts glucose-triggered reactive oxygen species (ROS) signaling and impairs glucose-stimulated insulin secretion (GSIS). In the current study, we found that pancreatic islets
isolated from Nrf2-knockout (Nrf2-KO) mice and MIN6 beta-cells with stable
knockdown of Nrf2 (Nrf2-KD) by lentiviral shRNA exhibited reduced expression
of many antioxidant and phase 2 detoxification enzymes in response to acute iAs3+
exposure. As a result, Nrf2-KO islets and Nrf2-KD MIN6 cells were more susceptible to iAs3+- and monomethylarsonous acid (MMA3+)-induced cell damage,
measured by decreased cell viability and augmented apoptosis. In contrast, pretreatment of MIN6 cells with Nrf2 activators, such as sulforaphane, protected the cells
from iAs3+-induced cell damage in an Nrf2-dependent fashion. Our studies
demonstrate that Nrf2-mediated antioxidant response is critical in pancreatic β-cell
defense mechanisms against acute arsenic cytotoxicity. Considering the potential
inhibitory effect of persistent Nrf2 activation on ROS signaling in GSIS, the current study shows that Nrf2 plays paradoxical roles in pancreatic beta-cell dysfunction induced by environmental arsenic exposure.

2216

GENETIC PATHWAYS UNDERLYING THE IMMEDIATE
AND LIFESPAN IMPACTS OF A DEVELOPMENTAL
EXPOSURE TO THE ENDOCRINE-DISRUPTING
HERBICIDE ATRAZINE.

G. J. Weber1, S. S. Lewis2, S. M. Peterson1, M. S. Sepulveda2 and J. L.
Freeman1. 1Health Sciences, Purdue University, West Lafayette, IN and 2Forestry and
Natural Resources, Purdue University, West Lafayette, IN.
There is a growing body of evidence which indicates continual exposure to endocrine-disruptors over the lifespan of an individual or during increased sensitivity
windows (such as development) substantially elevates the risk to develop multiple
types of diseases. Atrazine, an herbicide commonly applied to agricultural areas
throughout the Midwest and a common contaminant of potable water supplies, is
implicated as an endocrine-disruptor and potential carcinogen. The specific adverse
health effects associated with atrazine exposure and the underlying molecular
mechanisms of these effects are not well defined. In an effort to delineate the mechanisms of atrazine toxicity, we exposed zebrafish embryos to environmentally relevant concentrations of atrazine shortly after fertilization through 72 hours post fertilization (hpf ). Genomic analysis immediately following the embryonic atrazine
exposure has identified enrichment of genes with altered expression patterns that
are involved in neuroendocrine development, cell cycle regulation and carcinogenesis. A subset of individuals was permitted to mature under normal conditions to
evaluate the epigenetic effects of developmental exposure to atrazine in these adults
and in unexposed subsequent generations. A significant difference in the number of
pairs that successfully bred coupled with a distinct altered reproductive morphological phenotype in ~10% of female adult zebrafish was observed indicating a persistent lifespan effect of the developmental atrazine exposure. The reproductive alterations observed in a subset of females along with decreased mating success provide
support to the endocrine-disrupting effects of this herbicide and warrant further investigation. A subset of genes with prominent roles in reproductive function and
development are currently being assessed in a subset of these adults and in the subsequent generations.

478

SOT 2012 ANNUAL MEETING

2217

PROFILE OF HYPOTHALAMIC ESTROGEN RECEPTOR
EXPRESSION IN NEONATAL MALE AND FEMALE RATS
FOLLOWING PRENATAL BISPHENOL A (BPA)
EXPOSURE.

J. Cao1, M. E. Radford1, J. Rogers1, K. L. Todd1, S. M. Leyrer1, S. A.
Ferguson2 and H. B. Patisaul1. 1Biology, North Carolina State University, Raleigh,
NC and 2Division of Neurotoxicology, NCTR/US FDA, Jefferson, AR.
Human exposure to BPA, a component of polycarbonate plastics and epoxy resins,
is ubiquitous. As an endocrine disruptor, BPA may perturb the sex-specific organization of the neuroendocrine system and compromise later adult reproductive endocrinology and behavior. Sexually dimorphic hypothalamic organization is largely
estrogen dependent in rats and the critical period for this action spans gestation and
early neonatal life. Here we determined the effects of prenatal BPA exposure on the
sex-specific gene expression of nuclear estrogen receptors (ERα and ERβ) in the
preoptic area (POA), the mediobasal hypothalamus (MBH), and the medial amygdaloid nucleus (MeA). Pregnant Sprague-Dawley rats were orally gavaged with vehicle, 2.5 or 25.0 μg/kg BPA (LBPA or HBPA) or 5.0 or 10.0 μg/kg ethinyl estradiol (LEE or HEE) on gestational days 6-21. Gene expression in postnatal day 1
brains (3-8/sex/group) was assessed by in situ hybridization. Overall, sex effects
were apparent and as expected at this age (e.g., increased ERα mRNA signal in female MPOA, increased ERβ mRNA signal in male AVPV). Treatment effects on
anterior hypothalamic ER expression were mild: LBPA decreased ERα mRNA signal in the female AVPV and MPOA by approximately 36%. ERβ expression in the
AVPV, but not MPOA, was mildly increased by EE, particularly in males. These
data suggest that ER expression in neonatal POA is sensitive to prenatal BPA treatment. These effects could lead to organizational changes within sexually dimorphic
neuroendocrine pathways which, if permanent, might then alter adult reproductive
physiology and socio-sexual behavior.

2218

USE OF A NORMAL HUMAN 3-DIMENSIONAL (NHU3D) ORGANOTYPIC VAGINAL TISSUE MODEL TO
IDENTIFY ENDOCRINE-DISRUPTING CHEMICALS.

T. Landry, M. Klausner, H. Kandarova and S. Ayehunie. MatTek Corporation,
Ashland, MA. Sponsor: P. Hayden.
Chemicals used in the agricultural, food processing, and pharmaceutical industries,
along with environmental contaminants can block, alter, or modulate the endocrine system. Exposure to these agents, known as endocrine disrupting chemicals
(EDC), can adversely affect: 1) reproduction 2) fetal development, and 3) cancer
development. Animal tests are expensive and require a large number of animals and
the European Cosmetics Directive bans the use of animals for studies involving a
broad variety of cosmetic and personal care products. In this study, we investigated
the use of the NHu-3D EpiVaginalTM tissue for Tier 1 screening of chemicals that
may be estrogen receptor (ER) agonists or antagonists. MTT, histology, RT-PCR,
and ELISA assays were used to define tissue viability, structure, gene expression,
and estrone release patterns, respectively. The functionality of ER in the differentiation of EpiVaginal tissues were assessed by a 7 day culture in medium supplemented with non-toxic concentrations of two ER agonists (17a ethinyl estradiol
and Equilin) and two ER antagonists (Flutamide and 4-hydroxytamoxifen). Results
showed that ER antagonist resulted in: 1) thinner/disorganized tissue structure and
2) reduced tissue viability and transepithelial electrical resistance (TEER). In contrast, ER agonists resulted in a thicker tissue and a similar degree of tissue viability
and TEER values to untreated controls. RT PCR showed an increase in progesterone receptor B (PRb) levels for 3 of 3 agonists and a decrease or no change for 6
of 8 antagonists, when compared to negative controls. ELISA assays showed increased estrone release for 9 of 11 ER agonists while 17 of 17 ER antagonists were
identified as negative. Based on estrone release (n=28 test articles), a prediction
model (PM) for ER agonists was established. The PM identifies ER agonists with
high sensitivity (81.8%), specificity (100%), and accuracy (92.9%). In conclusion,
the EpiVaginal tissue appears to be a useful in vitro model to screen for chemicals
with endocrine disrupting potential.

2219

EVALUATION OF STEROIDOGENIC PATHWAY
DISRUPTION AND ADRENAL STEROID HORMONE
SECRETION IN THE HUMAN ADRENOCORTICAL
H295R CELLS BY LOWER CHLORINATED PCBS,
THEIR METABOLITES AND COMMERCIAL
MIXTURES.

S. Flor and G. Ludewig. OEH, University of Iowa, Iowa City, IA.
PCBs have been shown to accumulate in the adrenal glands when incorporated into
the body. To assess the effects of different lower chlorinated PCBs (PCB3, PCB11),
their metabolites (PCB3-2’-OH, -4’-OH and -2’,5’-HQ), as well as complex mix-

tures of halogenated biphenyls like Aroclor 1242, Aroclor 1254 and fireMaster FF1 on the endocrine system, we employed the H295R steroidogenesis assay. This
assay system is part of the OECD level 2 battery of in vitro assays for endocrine disruption and is mandatory in the U.S EPA Endocrine Disruptor Screening Program.
We tested each compound/mixture at concentrations which were non cytotoxic
and determined the secretion of testosterone, estradiol and cortisol with an ELISA.
In addition, we analyzed the expression of 10 genes (CYP11A, CYP17, CYP19,
CYP21, CYP11B2, StAR, HMGR, 3βHSD2, 17βHSD1 and 17βHSD4) involved
in steroidogenesis using qRT-PCR. Estradiol production was the most sensitive target and was altered by almost all compounds, often in a biphasic way with lower
concentrations (0.1 μM) causing a diminished and higher concentrations (10 μM)
an increased production. Only PCB3, PCB3-4’-OH and fireMaster FF-1 altered
the testosterone and cortisol secretion as well, and PCB11 only diminish the cortisol secretion. Interestingly the results of the gene expression analysis showed that
PCB11 and the commercial mixtures (Aroclor 1242, Aroclor1254, and fireMaster
FF-1) up-regulated CYP19, CYP11B2 and StAR gene expression and down-regulate CYP21 expression; the PCB3 metabolites interfered with CYP21 and CYP19
expression as well. Thus the effects of our test compounds on hormone secretion
can at this point only partly be explained by the altered expression of steroidogenic
genes. (Supported by NIEHS P42 ES013661, DAMD17-02-1-0241, and the
Center for Health Effects of Environmental Contaminants (CHEEC) of the
University of Iowa).

was also performed to investigate cell proliferation. We used 17β - estradiol (E2)
and ICI 182, 780 (estrogenic antagonist) as positive and negative controls. This
method was verified by testing the chemicals with known estrogenic activity, diethylstilbestrol (DES) and bisphenol A (BPA). We found that cell growth factor
recommended by the vendor, insulin, did not increase cell proliferation in our assay.
Overnight of MCF-7 cell starvation in medium supplemented with CharcoalDextran stripped fetal bovine serum improved the sensitivity of the assay. We were
able to detect the increased cell proliferation in response to E2, DES and BPA exposure at concentrations as low as 1 fM, 1 pM and 100 nM, respectively. In conclusion, we have developed a cell microelectronic sensing assay with high sensitivity
and reproducibility, to screen for estrogenic chemicals. This assay was established to
use with commercial MCF-7 cell line which will be practical for researchers. In addition, continuous cell population monitoring of RTCA throughout the entire experiment significantly reduced workload and technical-time when compared to the
traditional endpoint assays.

2222

ESTROGENIC ACTIVITY OF THE RED CLOVER
ISOFLAVONE IRILONE IN HUMAN ISHIKAWA AND
MCF-7 CELLS.

H. L. Esch, S. Lutter and L. Lehmann. Insitute of Pharmacy and Food Chemistry,
University of Wüerzburg, Wüerzburg, Germany.

2220

ARYL HYDROCARBON RECEPTOR 2 MEDIATES THE
INHIBITION OF VITELLOGENESIS BY 2, 3, 7, 8TETRACHLORODIBENZO-P-DIOXIN IN ZEBRAFISH
(DANIO RERIO).

S. M. Bugel1, 2, L. A. White2 and K. R. Cooper1, 2. 1Department of Environmental
Sciences, Rutgers University, New Brunswick, NJ and 2Department of Biochemistry
and Microbiology, Rutgers University, New Brunswick, NJ.
Zebrafish (Danio rerio) were used to test the hypothesis that 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) inhibits the mRNA induction of 3 vitellogenins(zfVTG 1-3) by 17α-ethynylestradiol (EE2). Vitellogenin is a hepatic protein required for oogenesis (yolk-formation) and is often down-regulated in
oviparous organisms inhabiting aquatic systems contaminated by aryl hydrocarbon
receptor (AhR) agonists, such as 2,3,7,8-TCDD. To investigate the effect of
2,3,7,8-TCDD on zfVTG regulation, zebrafish embryos were either treated with
EE2 (1000 pptr) from 6 hrs post fertilization (hpf ) to 4 days post fertilization, or
were pre-treated with 2,3,7,8-TCDD (25 and 400 pptr) for 1 hr at 3 hpf and then
exposed to EE2. When treated with EE2, zfVTG 1, 2 and 3 were significantly induced 225, 220 and 68-fold, respectively, over control (p ≤ 0.05). Exposure to 400
pptr TCDD for 1 hr prior to EE2 treatment inhibited induction of zfVTG 1, 2 and
3, by 99, 99.7 and 98.8%, respectively. Exposure to 50 pptr 2,3,7,8-TCDD downregulated induction of zfVTG 1, 2 and 3 by 81, 87, 85%, respectively. Similar findings were reported using 1,2,3,7,8-pentachlorodibenzo-p-dioxin. Further studies
tested the hypothesis that the aryl hydrocarbon receptor 2 (zfAhR2) mediates the
inhibition of vitellogenesis by 2,3,7,8-TCDD. A splice-variant morpholino
oligonucleotide was used to knock-down expression of zfAHR2. Zebrafish injected
with zfAHR2 morpholino had significantly less inhibition of zfVTG (1-3) induction by 2,3,7,8-TCDD (70-75%), relative to a control morpholino group (95100%). These results are the first to demonstrate that acute exposure to 2,3,7,8TCDD can inhibit vitellogenin mRNA induction through an AhR2-mediated
mechanism in vivo. This work implicates the role of the zfAhR2 in estrogen receptor pathway cross-talk and offers insight into reproductive impacts observed in
oviparous species inhabiting aquatic systems heavily contaminated by AhR agonists.

2221

OPTIMIZATION OF A CELL MICROELECTRONIC
SENSING TECHNIQUE FOR PROFILING OF
ESTROGENIC CHEMICALS.

V. Charoensuk, D. Y. Huang and D. W. Kinniburgh. Physiology and
Pharmacology, Alberta Centre for Toxicology, University of Calgary, Calgary, AB,
Canada. Sponsor: C. Jin.
With a public concern about the adverse effects of environmental contaminants
with endocrine activity on reproduction of humans and wildlife species, the aim of
our study was to validate a technique to detect potentially estrogenic chemicals by
using a commercial MCF-7 breast cancer cell line. A cell microelectronic sensing
technology known as RTCA (Real-Time Cell Analyzer, Roche xCELLigence system) was used based on the ability of estrogenic chemicals to induce proliferation of
MCF-7 cells. The optimization was tested by observing cell growth in several conditions including defacement cell seeding numbers and starvation conditions and
the presence or absence of growth factor: insulin. In addition to RTCA, MTT assay

Human exposure to irilone (IRI) results from consumption of red clover-based
food supplements containing mainly formononetin and biochanin A, which can be
converted into the well-investigated isoflavones daidzein (DAI) and genistein
(GEN). Therefore up to now, the biologic activity of such food supplements has
been attributed to these isoflavones. However, IRI is detected at similar concentrations as DAI in human plasma after intake of red clover-based products. Thus, IRI
may contribute to their biologic activity as well.
Therefore, we investigated the estrogenic activity of IRI by means of reporter gene
expression in Ishikawa cells and cell proliferation in MCF-7 BUS cells.
Experiments were carried out in the absence and presence of both the positive control 17β-estradiol (E2) and the estrogen receptor (ER) antagonist ICI182,780.
In Ishikawa cells, the activity of alkaline phosphatase (AlP) was determined by photospectrometric quantitation of the hydrolysis of 4-nitrophenolphosphate. In addition, relative mRNA levels of AlP and progesterone receptor (PR) were determined
by RT/Taqman PCR. MCF-7 cell proliferation was determined by electronic determination of cell numbers and by flow cytometric determination of cell cycle distribution.
IRI significantly induced AlP activity as well as AlP and PR mRNA levels in
Ishikawa cells; however maximum stimulation was not achieved in the non-cytotoxic concentration range. The relative stimulating activity was 0.02% of that of
E2, thus placing its activity between that of the soy isoflavones DAI and GEN.
Moreover, IRI significantly induced MCF-7 BUS cell proliferation in the same
concentration range as DAI and maximum stimulation was achieved.
Neither E2-induced AlP activity nor MCF-7 cell proliferation was affected by IRI
and ICI 182,780 antagonized IRI-induced effects on AlP activity and MCF-7 cell
proliferation, suggesting an ER agonistic mode of action. Thus for the first time, we
demonstrated the estrogenic activity of IRI, which is likely to contribute to the
bioactivity of red clover-based food supplements.

2223

COEXPOSURE TO XENOESTROGENS AND
BENZO(a)PYRENE ENHANCES DNA DAMAGE
RESPONSE.

K. Rydlizky2, G. D. Mayer1 and K. E. Germ1. 1Environmental Toxicology, Texas
Tech University, Lubbock, TX and 2Mount Desert Island Biological Laboratory, Bar
Harbor, ME.
Many ubiquitous environmental contaminants have been identified as endocrine
disrupting compounds (EDC) in recent scientific literature. However, much controversy still exists regarding their potential effects on ecological and human health,
and mechanistic studies of various forms of EDCs remain under investigation at
the cellular and genetic level. Numerous xenoestrogens have been connected to adverse effects in humans and wildlife at low concentrations, and studies have also
linked them to potential carcinogenesis. One potential mechanism underlying adverse effects of xenoestrogens is DNA damage and aberrant DNA repair processes.
Nucleotide excision repair (NER) is an essential DNA repair mechanism required
for the removal of bulky DNA adducts. To investigate the effects of known xenoestrogens on NER, we exposed killifish (Fundulus heteroclitus) to varying concentrations of arsenic and ethinylestradiol (EE2), a heavy metal that exhibits estrogenlike effects and a synthetic pharmaceutical estrogen, respectively. After 48 hours fish
were intraparitoneally injected with benzo(a)pyrene (BaP), a known environmental
mutagen and carcinogen. mRNA abundance of genes involved in NER, as well as
CYP families of genes were examined due to their known induction by EDCs and
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toxicant exposure. Xenoestrogens alone hindered transcriptional response to the
NER damage recognition gene, XPA, which is consistent with previous literature.
BaP alone induced a dose-response in mRNA abundance of CYP1A1 and XPA,
while the addition of EE2 and arsenic further induced XPA up-regulation. Our
data yield insight into combinations of environmental mutagens and xenoestrogen
contaminants commonly found in aquatic systems. Such mutagens can potentially
hinder accurate DNA replication processes or enhance inaccurate replication and
potentially lead to genetic instability, which is crucial for proper function and survival. We aim to utilize these data to further investigate the potential effects of these
and other xenoestrogens on DNA repair.

2224

A NOVEL SENSITIVE AND SELECTIVE REAL-TIME
CELLULAR ASSAY FOR DETECTION OF ENDOCRINE
DISRUPTORS USING NATIVE ENDOCRINE
SIGNALING PATHWAYS.

Y. Abassi1, N. Ke1, C. Jin1, A. Papas1, K. Nguyen1, A. Seiler2, X. Xu1 and X.
Wang1. 1Life Technologies, ACEA Biosciences Inc., San Diego, CA and 2Roche
Diagnostics GmbH, Penzberg, Germany.
A cell based assay for detection of endocrine disruptors has been previously developed using real time impedance monitoring of native endocrine signaling pathways
in T47D breast cancer cell line. Stimulation of T47D cells with respective endocrine hormones (e.g., estrogen or progesterone) leads to distinct time dependent
cellular changes (cell number change and/or cell morphological change) which can
be detected by gold microelectrodes embedded in the bottom of the well of specialized microelectronic plates (E-Plates). In the present study, a cell based cocultivation assay was developed to study the complex signaling of steroid hormones including synthesis, secretion and paracrine signaling. In this assay, T47D cells
expressing estrogen receptor (ER) as well as other steroid hormone receptors such as
progesterone receptor (PR) was cultured on E-Plate and used as the responder cells;
NCI-H295R cells (Human female adrenocortical cancer cell line) which express
various steroid hormones (e.g. estrogen and progesterone) and steroidogenic enzymes (CYPs) was cultured in the inserts and used as target cells. Coculturing
H295R cells with T47D cells induced a unique time-dependent biphasic response
profile for T47D cells which correlated with increased T47D proliferation and
morphological changes. The extent of the T47D response profile was dependent on
the number of H295R cells cocultured in the inserts. Using this assay, we have examined the effect of p450 enzyme inhibitor (Ketoconazole) and aromatase inhibitor (Anastrazole), both of which abolished the T47D response profiles exerted
by the secreted hormones from NCI-H295R cells. This coculture assay system
makes it possible to identify compounds that may affect multiple aspects of endocrine signaling pathways including synthesis, secretion, receptor binding and induction of signaling pathways within the same assay.

2225

ENDOCRINE DISRUPTION POTENTIAL OF BENEFIN:
WEIGHT OF EVIDENCE EVALUATION.

S. Papineni1, S. Gehen1, V. J. Kramer1, S. Marty2 and K. Coady2. 1Dow
AgroSciences, Indianapolis, IN and 2The Dow Chemical Company, Midland, MI.
Benefin is a pre-emergent herbicide with a complete toxicological database required
for any regulated pesticide. Benefin was included on the 1st list of chemicals to be
screened under the USEPA’s Endocrine Disruptor Screening Program (EDSP),
which consists of 11 in vitro and in vivo assays. Following completion of EDSP tier
1, a weight of evidence (WoE) evaluation was conducted using all available data to
determine if benefin has the potential to interact with the estrogen, androgen or
thyroid (EAT) systems following the 5 tier OECD conceptual framework. In this
framework, limited single endpoint in vivo studies (e.g. Hershberger) received
greater weight than in vitro assays and apical in vivo studies received the greatest
weight (e.g. level 5 multi-generation reproduction assays). To explain observations
in the in vivo EDSP screens that could be considered ‘potential positive’ responses,
additional mode of action work was explored. While previous data indicated the
thyroid gland as a target organ for benefin, further studies demonstrated the nonhuman relevance of the mode of action of these effects. Additional information on
the thyroid activity is also available from the tier I amphibian metamorphosis assay
(AMA), designed to identify hypothalamus - pituitary - thyroid (HPT) pathway agonists and antagonists, benefin was considered “likely thyroid inactive” with no
treatment-related effects on development and no histopathological effects observed
in the thyroid glands of the benefin-exposed tadpoles. Existing level 5 multigeneration reproduction studies in mammals did not demonstrate any pattern consistent
with adverse endocrine-mediated effects on reproductive organs or processes. Thus,
it becomes critical to evaluate the utility of the EDSP tier I testing, specifically de-
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signed to identify the endocrine disrupting properties of a molecule, in comparison
to the existing data available across all levels and develop a WoE interpretation utilizing all these data to determine if benefin has the potential to interact with the
EAT systems.

2226

PERSONAL CARE PRODUCTS HAVE DETECTABLE
ESTROGENIC AND ANTIESTROGENIC ACTIVITY.

C. Z. Yang1, G. J. Kollessery1, G. D. Bittner1, 2, 3, S. Myers4, D. D. Baird4, K.
L. Witt5 and R. R. Tice5. 1CertiChem Inc., Ausin, TX, 2PlastiPure Inc., Austin, TX,
3University of Texas Austin, Austin, TX, 4NIEHS, Research Triangle Park, NC and
5Division of the National Toxicology Program, NIEHS, Research Triangle Park, NC.
We have used a roboticized MCF-7 cell proliferation assay to quantify the estrogenic activity (EA) and antiestrogenic activity (anti-EA) in an ethanol extract of
eight commercially available personal care products. These products included such
items as shampoos, hair conditioners, and hand lotions. They were selected for testing because they were found to be frequently used products in a population under
study for uterine fibroids. The EA of extracts was quantified as the relative maximum response to 17 beta estradiol (%RME2, a measure of response amplitude) defined as the percentage of the maximum DNA/well produced by an extract at any
dilution with respect to the maximum DNA/well produced by E2 at any dilution,
corrected by the DNA response to the vehicle (negative) control. Anti-EA is calculated relative to ICI suppression of EA as %RMICI (see Yang et al, 2011, EHP
119:989-998). Of the eight personal care products tested, one yielded a low level of
EA (19% RME2), two had a medium level of EA (43% and 50% RME2), one had
high level of EA (63% RME2), and four had no detectable EA. EtOH extracts of
three of the four products that had no detectable EA had high levels of anti-EA: 52,
63, and 79% RMICI. Our results indicate that at least some personal care products
contain components that exhibit easily detectable EA or anti-EA when tested on a
human cell line in vitro. The relevance of these findings to epidemiological data
suggesting hormonal perturbations in the early onset of puberty in girls, development of uterine fibroids in adult females, and other adverse health effects (e.g.,
breast cancer) remains to be determined.

2227

DIFFERENTIAL RECRUITMENT OF ESTROGEN
RECEPTOR COACTIVATORS BY XENOESTROGENS.

L. C. Smith1, J. Clark2, P. L. Ferguson3 and T. Sabo-Attwood1. 1Department of
Physiological Sciences, Environmental & Global Health and Center for
Environmental and Human Toxicology, University of Florida, Gainesville, FL,
2Department of Environmental Health Sciences, University of South Carolina,
Columbia, SC and 3Department of Civil and Environmental Engineering and
Nicholas School of the Environment, Duke University, Durham, NC.
Xenoestrogens are environmental contaminants that interfere with endocrine activity by modulating estrogen receptor (ER) transcriptional activity. One hypothesis
that may explain contaminant-specific impacts of estrogen (E2) signaling is that
coaccessory proteins are differentially recruited to the ER. Using Time ResolvedFluorescence Resonance Energy Transfer recruitment screening assays we revealed
that E2 weakly recruited a peptide specific to SRC-3, a known ER coactivator, to
the human (h)ERα. Conversely, greater recruitment of the same peptide to the
hERα was observed upon stimulation with the phytoestrogen genistein (Gen, EC50
17nM). To begin to assess the functional role of SRC-3 in ER activation by these
compounds, human embryonic kidney cells were transfected with an ERE-driven
luciferase reporter and wildtype (w)SRC-3, or mutant (m)SRC-3, which impairs
interaction with the ER through mutated phosphorylation sites. Cells were exposed
to 10nM E2, or 1uM Gen for 24 hours and luciferase activity was measured. Results
showed a significant increase in hERα activation in response to Gen (16 fold) with
the addition of wSRC-3 over baseline values (3 fold). Although E2 had higher baseline activation (8 fold), addition of wSRC-3 did not significantly increase the response. In the presence of mSRC-3, ER activation was ablated by both compounds.
These results suggest that although SRC-3 is essential for ERE-driven responses by
both agents, the enhanced response of Gen in the presence of additional SRC-3
suggests differential recruitment likely plays a role in xenoestrogen-specific effects
on ER activity. Mechanisms driving these observations are under current investigation but may involve SRC-3 site specific modifications that are ligand dependent.

2228

VALIDATION OF T47D-KBLUC CELL ASSAY FOR
DETECTION OF ESTROGEN RECEPTOR AGONISTS
AND ANTAGONISTS.

N. Evans, L. E. Gray and V. S. Wilson. ORD/TAD, US EPA, Durham, NC.
There is growing concern of exposure to fish, wildlife, and humans to environmental estrogens and their potential impact on reproductive health. Cell-based assays
are useful tools to determine the estrogenic activity of chemicals. Confidence in in

vitro assay results is strengthened by the use of a well-characterized assay. The
T47D-KBluc estrogen receptor transcriptional activation (ERTA) assay utilizes a
stable cell line run in a 96-well plate format which contains both human estrogen
receptors alpha and beta (ERα and ERβ) and an estrogen-responsive luciferase reporter. The cell line was transferred from the EPA lab to CeeTox, Inc for an external validation. Initially about 60 well-characterized estrogenic or anti-estrogenic
compounds of varying potency were tested. Testing of this validation set of compounds indicated that the assay produced the expected results and confirmed assay
performance. About 50 “unknown” chemicals of interest were then tested. Several
compounds were found to be weakly estrogenic such as diethylphthalate and cyclotrisilazane. Only one displayed weak anti-estrogenic effects: N,NDimethyltetradecylamine. To further characterize the ERTA assay with respect to
ERα and ERβ their respective specific agonists, PPT and DPN were tested. The
calculated EC50 of PPT was 4.9e-11M and the EC50 of DPN was 1.5e-8M, compared to that of estradiol which is typically 2.2e-12M. We also tested an ERα specific antagonist, MPP, in competition with either PPT or DPN. Both PPT and
DPN-luciferase induced activity were reduced by MPP. Therefore, it cannot be
ruled out that DPN, while more specific for ERβ is not also activating primarily
ERα. Results demonstrate that the T47D-KBluc cell line responds to both ERα
and ERβ agonists but support the assumption that ERα is inducing more reporter
expression than ERβ. Future studies will be conducted to further examine the relative proportion of ERα and ERβ in reporter gene induction. This abstract does not
necessarily reflect EPA policy.

2229

COMPARISON OF IN VITRO CYTOTOXICITY,
ESTROGENICITY, AND ANTIESTROGENICITY OF
TRICLOSAN, PERFLUOROOCTANE SULFONATE
(PFOS), AND PERFLUOROOCTANOIC ACID (PFOA).

N. D. Henry and P. A. Fair. National Ocean Service, Charleston, SC.
Concern with increasing levels of emerging contaminants exists on a global scale.
Three commonly observed emerging environmental contaminants: triclosan
(2,4,4-trichloro-2’-hydroxydiphenyl ether), a synthetic, broad-spectrum antibacterial agent, and perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid
(PFOA), used stain and water resistant treatments, have become distributed ubiquitously across ecosystems and have been detected in wildlife and humans. MCF-7
BOS human breast cancer cells were used to investigate the potential for cytotoxicity, estrogenicity, and antiestrogenicity of these three compounds at environmentally relevant concentrations using the 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt assay (MTS)
and the E-SCREEN bioassay. The doses used ranged from 0.002-200 μg ml-1 for
triclosan and 0.03-30 μg ml-1 for PFOS and PFOA. Quantitative results from the
MTS assay revealed no significant cytotoxicity at lower concentrations for any of
the test compounds; however, both triclosan and PFOA were cytotoxic at the highest concentrations examined (100-200 μg ml-1 and 30 μg ml-1, respectively),
while PFOS showed no significant cytotoxicity at any of the concentrations tested.
Positive estrogenic responses (p < 0.05) were elicited from the E-SCREEN at all
concentrations examined for triclosan and PFOA and at 30 μg ml-1 for PFOS.
Further, significant antiestrogenic activity (p < 0.05) was detected for all compounds tested at all concentrations when cells were co-exposed with 10-9 M 17-β
estradiol (E2). The overall results demonstrated that triclosan, PFOS, and PFOA
have estrogenic activities and that co-exposure to contaminants and E2 produced
antiestrogenic effects. Each of these compounds could provide a source of xenoestrogens to humans and wildlife in the environment.

2230

REASSESSMENT OF THE CRITICAL EFFECT OF
PERCHLORATE TOXICITY IN THE HUMAN THYROID
TO INFORM ON DRINKING WATER REGULATIONS.

M. H. Lumpkin1, P. Gentry2, T. Greene2, A. Shipp2 and T. Cirone3. 1Environ
International Corporation, Atlanta, GA, 2Environ International Corporation,
Monroe, LA and 3The Chlorine Institute, Inc., Arlington, VA.
In 2005, the National Research Council (NRC) issued a report that identified iodide uptake inhibition (IUI) in the thyroid as the critical first step in the mode of
action for perchlorate thyroid toxicity in rodents and humans. Based on the NRC
findings, drinking water standards in Massachusetts and California were derived
based on developmental effects from impaired thyroid function in pregnant mothers and newborn children as the critical effect. Since the release of the NRC report,
multiple occupational studies in perchlorate workers and epidemiological studies in
perchlorate-exposed pregnant women and their children have been published. We
assessed whether occupational and epidemiology data published before and since

the NRC report support IUI as the first critical effect in perchlorate toxicity in
adults and children. The data fail to show deficiency in thyroid function of perchlorate workers and pregnant women or increased incidence of developmental effects in children exposed to perchlorate at levels that resulted in IUI. In fact, the
data indicate that the human thyroid adapts to perchlorate-induced IUI to maintain proper thyroid health and adequate thyroid hormone levels. Human thyroid
toxicity may result from perchlorate exposures that are sufficiently high to overcome the adaptive upregulation of iodide uptake. The occupational, epidemiological, and therapeutic clinical data indicate a marked difference in perchlorate exposure levels required to initiate IUI or overwhelm the adaptive mechanisms and
reduce thyroid hormone below healthy levels. Thus, the perchlorate literature support derivation of drinking water standards based on a critical endpoint other than
thyroid IUI.

2231

EFFECT OF GREEN TEA EXTRACT ON THYROTOXIC
EFFECT OF LEAD ACETATE IN MALE WISTAR RATS.

K. A. Abdou1, W. A. Moselhy1 and M. Salah2. 1Forensic Medicine and Toxicology,
Faculty of Veterinary Medicine, Beni Suef University, Beni Suef, Egypt and 2Biology
Department, Faculty of Science, Beni Suef University, Beni Suef, Egypt. Sponsor: A.
KADRY.
Green tea is known for its antioxidant and anti-carcinogenic effects. However, its
effects on the thyroid gland have not been adequately investigated. The present investigation has been designed to evaluate the effect of green tea extract (GTE) on
the thyrotoxic effect of lead acetate (LA) in adult male Wistar rats.) Four groups of
rats, 10 animals each, were used in this study (control, LA, LA + GTE and GTE
alone). Rats received a daily dose of LA (100mg/kg) by stomach tube for 30 days.
GTE at a dose of 0.5g/100ml was provided in the drinking water ad-libtium for the
same time period. Administration of LA induces marked effect on thyroid function
in the treated group compared to control. Co-administration of LA and GTE attenuates the toxic and inhibitory effect of LA alone on serum levels of T3, T4 and
TSH. These results were confirmed by microscopic examination of the cellular
structure of the thyroid gland of treated rats. LA caused cystic dilatation with flattened lining epithelium in the follicles. Us-ing a standard alkaline comet assay procedure, LA caused significant DNA damage as indicated by visible tail lengths.
However, the thyroid damage was significantly reduced in animals received LA and
GTE . In addition, GTE reduced DNA migration in of LA treated animals compared to LA alone. In conclusion the present study suggests that green tea may be
useful in combating the thyroid damage due to LA toxicity. However, this is limited
study in concentration and duration. More investigation is needed to understand
the effect of various concentration of GTE and the chronic effect of exposure.

2232

IN VITRO ENDOCRINE-DISRUPTING POTENCIES OF
PHOSPHATE COMPOUNDS USED AS FLAME
RETARDANTS AND PLASTICIZERS AND
ANTIFOAMING AGENTS ON HUMAN
OSTEOSARCOMA (U2OS) CELL-BASED REPORTER
GENE ASSAYS.

G. Suzuki1, A. Brouwer2, 3 and H. Takigami1. 1Natinal Institute for Environmental
Studies, Tsukuba, Japan, 2BioDetection Systems b.v., Amsterdam, Netherlands and
3VU University, Amsterdam, Netherlands. Sponsor: H. Iwata.
Phosphate compounds (PCs) are added to commercial products as additives such as
flame retardants, plasticizers and antifoaming agents. As a result, PCs have been
ubiquitously found in various matrices such as indoor dust, surface water, sewage
sludge and biota. Our recent study has reported that some of PCs were detected in
indoor dusts on the order of micrograms per gram, which are equivalent to or exceed polybrominated diphenylethers (PBDEs) containing congeners controlled as
persistent organic pollutants (POPs) that indicate endocrine-disrupting toxicities.
In this study, a panel of human cell-based reporter gene (CALUX®) bioassays was
utilized to evaluate androgen receptor (AR), estrogen receptor alpha (ERα), progesterone receptor (PR), glucocorticoid receptor (GR), thyroid hormone receptor beta
(TRβ) and peroxisome proliferator-activated receptor gamma (PPARγ) mediated
agonistic and antagonistic activities as in vitro endocrine-disrupting potencies for
16 PCs such as trimethyl phosphate, tryethyl phosphate, tripropyl phosphate, tributyl phosphate, tris(2-chloroethyl)phosphate, tris(2-chloroisopropyl)phosphate,
tris(1,3-dichloroisopropyl)phosphate, tris(2-butoxyethyl)phosphate, triphenyl
phosphate, tris(2-ethylhexyl)phosphate, tricresyl phosphate, tris(2,6-dimethylphenyl) phosphate, trioctyl phosphate, tris(2-isopropylpenyl)phosphate,
tris(3-isopropylpenyl)phosphate, and tris(4-isopropylpenyl)phosphate. As a result,
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antagonistic activities against all tested nuclear receptors were observed in some of
the PCs. Especially, AR and PR antagonistic activities were observed at a higher rate
than other receptors. On the other hand, some of PCs also indicate ERα agonism.
Further studies are necessary for indoor environmental levels and in vivo testing of
some of PCs which indicate in vitro endocrine-disrupting potencies.

hensive metabolite profiling methodology provides a promising analytical approach
to screen compounds for steroidogenic modulating properties as well as chemical
class prediction.

2235
2233

THE ESTABLISHMENT OF ANDROGEN RECEPTORMEDIATED STABLY TRANSFECTED
TRANSCRIPTIONAL ACTIVATION ASSAY TO DETECT
ANDROGENIC AND ANTIANDROGENIC ACTIVITIES
IN 22RV1 CELLS.

M. Dong, Y. Choi and H. Kang. School Lifesciences and Biotechnology, Korea
University, Seoul, Republic of Korea. Sponsor: B. Lee.
The disruption of androgen receptor (AR) mediated androgen signaling played very
important roles in several androgen related diseases and symptoms. In order to
screen the androgen modulating potency of chemicals, we developed stable ARGreenS cell lines to access AR mediated transcriptional activation and optimized
the protocol. Stable AR-GreenS cell line was stably transfected with pGL4MMTV/Hygro, which is a firefly luciferase reporter vector bearing androgen responsive element (ARE) for detecting androgenic activity of endocrine disrupters,
in 22RV1 cells which is human prostate cancer cells contained functional AR. In
this stable cell line, AR agonist, 5α-dihydrotestosterone (DHT), was dose-dependently induced the luciferase activity and the activity was significantly increased at
1.0 x 10-10M and stated to reach to plateu 10-8M with maximum about 15 folds
compared with the vehicle control. This DHT induced luciferase activity was inhibited by the treatment of AR antagonist, bicalutamide. AR-GreenS cells have
maintained their growth rate, morphology and responsiveness to DHT until now
for 46 passages over five moths culturing. The inter variation of assay was relatively
small with about 5.1 ± 1.3 mean value of CV (the coefficient of variation). From
these results suggested that AR-GreenS cells were stable and sensitive to develop the
AR-mediated transcriptional activation assay. Using AR-GreenS cells, we established the test protocol, and optimized the testing condition for AR transcriptional
activation assay. Now we are validating the stable cell line in inter- and intra laboratory system using 20 compounds among 78 substances which are recommended
substances for validation of in vitro androgen receptor transcriptional activation assays by ICCVAM. * This research was support by a grant (11162KFDA728) from
Korea Food & Drug Administration in 2011.

2234

METABOLIC PROFILING OF STEROIDOGENESIS IN
THE HUMAN H295R ADRENOCORTICAL CELL LINE
FOR DETECTION OF ENDOCRINE DISRUPTORS.

ISOPHORONE AND THE ENDOCRINE DISRUPTOR
SCREENING PROGRAM: WEIGHT-OF-EVIDENCE
EVALUATION FROM SCIENTIFICALLY RELEVANT
INFORMATION AND RESULTS OF TIER I ASSAYS.

D. Geter, N. M. Berdasco, M. J. LeBaron, S. Marty and K. K. Coady. The Dow
Chemical Company, Midland, MI.
Isophorone is a solvent and crop protection inert compound included on the US
EPA 1st priority list for the Endocrine Disruptor Screening Program (EDSP).
Within the Tier 1 in vitro EDSP assays, isophorone did not alter testosterone or
estradiol production in the Steroidogenesis Assay, induce ER transactivation in the
Estrogen Receptor Transactivation Assay, displace androgen within the Androgen
Receptor Binding Assay, nor decrease aromatase in the Aromatase Enzyme Activity
Assay. In the Uterotrophic Assay, body weight gains were decreased at the high
dose, but neither wet nor blotted uterine weights were increased. For the
Hershberger Assay, significant liver weight increases were seen; however, accessory
sex tissue weights were not altered. For the Female Pubertal Assay, a decrease in percent cycling and regular cycles at the high dose, with increases in cholesterol, liver
weights, and decreases in serum urea nitrogen (UN) was seen. In the Male Pubertal
Assay a significant (1.8 day) delay in puberty onset at the high dose, with increased
liver weights, decreased serum testosterone, UN, alkaline phosphatase and chloride
was seen. In the Amphibian Metamorphosis Assay, tadpoles were statistically
shorter; however, no asynchronous development or thyroid histopathology alterations were seen. In the Fish Short-Term Reproduction Assay, reduced feeding, fecundity, fertility, male and female wet weight, blood plasma vitellogenin concentrations, and increased oocyte atresia and pre-vitellogenic oocytes in female fish were
observed only at the high dose. Review of Other Scientifically Relevant
Information (OSRI) supported that isophorone does not bind to the estrogen or
androgen receptors, was neither embryotoxic nor teratogenic, and did not alter
pregnancy rates or litter sizes. From the EDSP Tier 1 and OSRI data, isophorone
did not demonstrate effects consistent with an endocrine-related mode of action.
Study sponsored by the Isophorone EDSP Consortium, American Chemistry
Council.

2236

LACK OF ESTROGENIC POTENTIAL OF MONOMERS
UTILIZED IN EASTMAN TRITAN™ COPOLYESTER.

J. Rijk1, 2, T. Bovee1, 2, A. Lommen1, 2, R. Hoogenboom1 and A. Peijnenburg1, 2.
1RIKILT—Institute of Food Safety, Wageningen UR, Wageningen, Netherlands and
2Netherlands Toxicogenomics Centre, Maastricht, Netherlands. Sponsor: S.
Rangarajan.

J. Deyo1, E. O’Brien1, C. Toole2, W. Welsh4, N. Ai4, E. Sloter3, M. Eldrige5
and F. Menn5. 1Eastman Chemical Company, Kingsport, TN, 2CeeTox, Kalamazoo,
MI, 3Wil Research Laboratories LLC, Ashland, OH, 4Pharmacology, University of
Medicine and Dentistry of New Jersey, Robert Wood Johnson Medical School,
Piscataway, NJ and 5Center for Environmental Biotechnology, University of Tennessee,
Knoxville, TN.

Endocrine disruptors can cause non-receptor mediated effects either indirectly by
altering common signal-transduction pathways or directly via (non-)competitive
inhibition of enzymes involved in the steroidogenic pathway. The H295R steroidogenesis assay provides an in vitro cell-based assay to evaluate the potential interference of compounds with steroid hormone production. Current endpoints of this
assay are limited to measuring a selected set of hormones using targeted analytical
methods such as LC- and GC-MS or EIAs. Recent developments in LC-MS and
bioinformatics however, allow more comprehensive approaches to evaluate changes
in steroid profiles. In the current work, a metabolomics approach was developed
that monitors changes in metabolite profiles in both a targeted and untargeted way.
Therefore, H295R cells were exposed for 48h to forskolin, aminoglutethimide,
prochloraz, trilostane and atrazine, which are compounds known to affect steroidogenesis. After exposure, the culture medium was subjected to a solid phase extraction clean-up procedure and analyzed by Ultra Performance Liquid
Chromatography Time-Of-Flight Mass Spectrometry (UPLC-TOF/MS).
Generated profiles were compared to profiles obtained from DMSO blanks using
sophisticated preprocessing and alignment software (MetAlignTM). Differential
mass signals (p-value <0.05 and fold change >2) were selected and profiles typical
for the selected reference compounds were constructed. The observed differences in
metabolite profiles were mainly caused by alterations in levels of free and sulfated
steroids. These alterations were considered to be very relevant as the identity of the
differential metabolites could be related to the expected effect of the compound
under investigation. In conclusion, it can be stated that application of a compre-

Eastman Chemical Company is a major manufacturer of several polyester plastics
including Tritan™ copolyester, a novel plastic manufactured utilizing three
monomers, di-methylterephthalate (DMT), 1,4-cyclohexanediemthanol
(CHDM), and 2,2,4,4-tetramethyl-1,3-cyclobutanediol (TMCD) in various ratios.
Tritan™ is utilized in many consumer products and has been approved for use by
various governmental regulatory agencies for use in both food contact and medical
device applications. As with most polymers, the monomers along with the high
molecular weight oligomers whose toxicity is best represented by the monomers,
make up the predominate chemicals within a polymer available for leaching into
the environment and foods. In light of the high level of public concern about the
presence of estrogenic activity ascribed to certain plastic monomers and chemicals
in the environment, Tritan’s™ monomers were evaluated using a comprehensive
battery of in vitro and in vivo techniques to understand whether they might pose
such a concern. Specifically, these monomers were assessed for their ability to bind
estrogen receptors using (QSAR) as well as through the use of a fluorescent labeled
ligand displacement assay. In addition to understanding their binding affinity potentials, the monomers were assessed for their ability to activate estrogen receptors
using T47D-KBluc cells and in a bioluminescent yeast-based detection method. In
addition, estrogenic activity potential was screened for through the conduct of an
uterotrophic assay. Results from all these studies were uniformly negative and when
coupled with other in vivo data developed to assess systemic toxicity, and developmental and reproductive toxicity the weight of evidence clearly indicates that these
monomers do not pose an estrogenic risk to humans or the environment.
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REPEATED DOSE TOXICITY AND LOCAL TOLERANCE
STUDY WITH RECMAGE-A3+AS15 ANTIGEN-SPECIFIC
CANCER IMMUNOTHERAPEUTIC (ASCI) GIVEN
INTRAMUSCULARLY TO CYNOMOLGUS MONKEYS.

L. Segal1, E. Grosdidier2, E. Destexhe1, N. Baudson1, R. Forster2 and S.
Veenstra1. 1GSK Biologicals, Wavre/Rixensart, Belgium and 2CiToxLAB France,
Evreux, France.
The objective of this study was to evaluate the potential systemic and local effects
induced by 25 repeated intramuscular injections of the full human dose of
recMAGE-A3+AS15 ASCI, and to evaluate their reversibility 3 months after the
last injection. Cynomolgus was selected based on MAGE-A homology with humans. The ASCI was administered at 2-week intervals and compared to a saline
control group. A total of 5 males and 5 females were allocated to each group. 3/sex
from each group were sacrificed 3 days post last dose, and remaining animals were
kept for a 3-month treatment-free period. A MAGE-A3 specific antibody response
was measured in all monkeys injected with the ASCI, confirming exposure of the
animals. No toxicologically significant effects on clinical signs, body weight, body
temperature, electrocardiography, ophthalmology, hematology, clinical chemistry,
gross pathology, organ weights or histopathology were observed. Single or repeated
injections of the MAGE-A3 ASCI up to four times at the same injection sites were
well-tolerated. Five to seven repeated injections at the same site triggered marked
local swelling of the injected limb. These local reactions disappeared completely
within 4-7 days after injection. Transient and reversible increases in neutrophils and
monocytes, and increased fibrinogen on the days following dosing were considered
to be part of an expected immune response to treatment. Three days after the last
injection, slight mononuclear inflammatory cell infiltrates were noted in several injected muscles, along with immune stimulation of some draining lymph nodes.
After the treatment-free period, a complete recovery was observed. Under the conditions of this study, 25 repeated injections of recMAGE-A3+AS15 ASCI were considered to be systemically and locally well tolerated by cynomolgus monkeys.

2238

REPEAT-DOSE ORAL TOXICITY STUDIES TO
EVALUATE HISTAMINE H3-RECEPTOR ANTAGONIST
LENS-RELATED CHANGES IN RATS.

M. E. Blazka1, D. Weinstock2, H. Shen3, M. Valerio1 and N. A. Delamere4.
1Disposition, Safety and Animal Research Scientific Core Platform, Sanofi,
Bridgewater, NJ, 2Biologics Scientific Core Platform, Sanofi, Bridgewater, NJ,
3Molecular Innovative Therapeutics, Sanofi, Bridgewater, NJ and 4Department of
Physiology, University of Arizona, Tucson, AZ.
The ocular safety profile of SAR110894, a histamine H3-receptor antagonist, was
assessed in Sprague-Dawley (albino) and Long Evans (pigmented) rats. Non-reversible lens opacities in rats were observed in repeat-dose oral toxicity studies up to
6 months in duration. Reversible corneal changes were also observed in these studies. Microscopically, the changes were characterized as swelling/degeneration of
subcapsular posterior cortical lens fibers, which extended to the anterior portion of
the lens at higher doses, and corneal inflammation and erosion. While the
SAR110894 has been shown to bind to melanin, no decrease in compound-related
incidence or severity of lens opacities was observed in a study in which the compound was administered to pigmented rats for 28 days. Lens concentrations of
sodium, potassium, and calcium were evaluated in a time-course study in which
SAR110894 was administered by oral gavage for 7, 14, 21 or 28 days to albino rats.
This study showed that an ion-related osmotic imbalance, with an increase in lens
calcium (+192%) and sodium (+143%) content, was associated with the microscopic lens changes. While the compound-related lens changes did not reverse during a 12-week treatment-free period, no delayed treatment-related development of
lens opacity was observed. Transmission electron microscopic examination of the
lens confirmed that the compound-related lens changes were not associated with
cytoplasmic accumulation of phospholipids. Interestingly, there were no compound-related changes in the cornea or lens in dogs. In conclusion, while the oral
administration of SAR110894 did result in the development of lens opacities in
rats, species differences in structure and membrane physiology suggest this is unlikely to occur in the human lens.

2239

COMBINED VIDEO-EEG AND CARDIOVASCULAR
SCREENING USING TELEMETRY-IMPLANTED,
FREELY MOVING BEAGLE DOGS.

M. Metea, T. R. Gleason and P. Atterson. WIL Research Laboratories, Ashland,
OH.
Although EEG recordings are commonly used to assess the proconvulsant risk of
novel drugs, in-depth EEG investigations are frequently conducted only as followup studies to the safety pharmacology core battery mandated by the ICH S7A. To

expand the range of feasible core preclinical assessments of the CNS function, we
have tested a large animal telemetry model (freely moving beagle dog) implanted
with DSI TL11M3-D70-CCTP transmitters capable of recording arterial pressure,
body temperature, ECG and EEG data. Here we outline possible directions for the
analysis of continuous EEG data. EEG leads were surgically implanted 1 cm from
midline and 5 mm anterior to the intra-aural line, and ECG leads were placed in a
lead II configuration. After recovery, three males were administered the proconvulsive agent pentylenetetrazole (PTZ) intravenously at a rate of 1.5 mg/kg/min via a
time delayed ambulatory pump, while the animals were observed directly for paroxysmal activity. Once overt convulsive activity was noted, the PTZ infusion was discontinued and 1 mg/kg diazepam was administered immediately. For evaluation of
behavior and confirmation of EMG artifacts on the EEG trace, time-matched
video recordings were performed using the same system. High quality EEG and
cardiovascular data were collected using this model. Automated (using NeuroScore
Version 2.1) and direct (expert review) EEG data analyses were conducted and the
results compared, while video data were used for confirmation of events. Various
protocols for automated spike train detection were developed for individual animals and their use discussed. Detection of seizure activity can be performed using
this model either by direct review of the signals or by automated analysis (both
methods supported by time-matched video recordings). In conclusion, this telemetry collection paradigm is recommended for simultaneous evaluation of the seizure
potential and cardiovascular risk of new drug candidates.

2240

SAFETY EVALUATION OF RECOMBINANT HUMAN
LACTOFERRIN FROM RICE: 28-DAY TOXICOLOGY
STUDY IN RATS.

L. Craig1, P. Cole1, A. Aulbach1, S. Frantz1, V. Akoyev2, C. Austin2, M.
Burnett2, M. Rice2, P. Smith2, G. Unruh2, N. Huang3, D. Zhang3 and D. E.
Johnson4. 1MPI Research, Mattawan, MI, 2Ventria Bioscience, Junction City, KS,
3Ventria Bioscience, Fort Collins, CO and 4Emiliem, Emeryville, CA.
Recombinant human lactoferrin (rhLF) is produced by utilizing genetically modified rice plants as the expression system for protein production. Lactoferrin is believed to be a key factor that promotes the growth of beneficial microflora in the GI
tract and inhibits the growth of selected pathogens and promotes intestine cells
growth and migration. This suggests that rhLF may be able to protect individuals
from severe diarrhea resulting from treatment with broad spectrum antibiotics.
Since the biological and pharmacological activity of rhLF for this indication occurs
in the GI tract, clinical trials and supporting toxicology studies utilize the oral route
of administration. In the 28-day oral toxicology study in rats, four treatment
groups of 10 male and 10 female CD® [Crl:CD®(SD)] rats were administered the
vehicle (trisodium citrate in distilled water) or the test article at respective dose levels of 0, 200, 600, and 2000 mg/kg/day (dose volume of 10 mL/kg). Additionally,
four groups of four or eight animals/sex/group served as toxicokinetic (TK) animals
and received the vehicle or test article in the same manner as the main study groups.
Evaluations included clinical observations, body weights, food consumption, ophthalmology, clinical pathology, and macroscopic and microscopic evaluations of tissues. Tissues were microscopically examined for animals at 0 and 2000 mg/kg/day
and any gross lesions were microscopically examined for all animals at all dose levels. No test article-related findings were noted in any parameter examined. Based
on the lack of toxicological findings, the No Observed Effect Level (NOEL) was
2000 mg/kg/day, the highest dose level tested, which is the limit dose for this
species. This study supported an IND and the initiation of a pivotal trial in patients
with antibiotic-induced diarrhea.

2241

DIAGNOSTIC COMPUTER TOMOGRAPHY IN
NONHUMAN PRIMATES—A FEASIBILITY STUDY IN
GERIATRIC CYNOMOLGUS MONKEYS.

S. H. Korte1, M. Wozniak2 and B. Niggemann1. 1Covance Laboratories GmbH,
Muenster, Germany and 2Department of Pediatric Radiology, Medical University of
Lublin, Lublin, Poland. Sponsor: G. Weinbauer.
The cynomolgus monkey represents an important primate model for preclinical
safety evaluation and the study of age-related disease. The present work examines
the feasibility of using computer tomography scans for identifying. To further enhance imaging capabilities in the field of toxicology research two geriatric monkeys
(≥10 years, 4.0 and 6.7kg) underwent computer tomography evaluation. In this
feasibility study a GE LightSpeed VFX 16 (CT5007), a modern 16 slice computer
tomography device with a 120 seconds spiral-class performance at a 4.3 software
level in a fully air-conditioned trailer was used. The monkeys were sedated with
1ml/kg ketamine and 0.06ml/kg medetomidin for the entire duration of the examination. They were placed within the scanner in a prone position with no further
fixation. To perform the examinations of the skeleton a 6.3 MHU Performix Ultra
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Tube 24 x 912 HiLight Detector VariSpeed 0.5- 4.0s scan time (360°) was used.
The axial scanning of both upper and lower extremities was performed with following parameters: 0.625mm Helix – 120 KV – MA 50-100 – FOV 70 – Matrix
512x512. The raw data were reconstructed in 3mm maximum intensity projection
(MIP) thin range in axial, sagittal and coronal planes. Additionally shaded surface
display (SSDs) reconstructions were performed. Examined monkeys showed severe
degenerative changes in multiple joints of computer tomography appearance typical for arthritis. Narrowing of the involved joint spaces, large osteophytes along the
joint margins, bone cysts and sclerosis as well as loose bodies were identified. Both
large joints (e.g. knee) and small joints (e.g. interphalangeal, metacarpophalangeal,
carpometacarpal) were involved. The obtained results represent a good example on
how enhanced imaging capabilities might improve in vivo diagnostics as an add on
study tool for regulatory safety assessment. In addition radiology screening might
allow establishment and in vivo characterization of suitable primate disease models
(such as arthritis, Alzheimer, etc.).

2242

PROLONGED AND CONTINUOUS INTRAVENOUS
INFUSION TOXICITY STUDIES IN THE MARMOSET
MONKEY USING A PORT CATHETER SYSTEM.

P. Nowak, S. H. Korte, B. Niggemann and J. Luft. Covance Laboratories GmbH,
Muenster, Germany. Sponsor: F. Vogel.
The common marmoset, Callithrix jacchus, is one of the smallest nonhuman primates (300-500g) commonly used in biomedical research. In some pre-clinical
studies, where cynomolgus monkeys (Macaca fascicularis) as nonhuman primate
models are not fulfilling investigators needs, marmosets are successfully used as an
alternative nonhuman primate species. As many test items need to be administered
intravenously, prolonged or continuous infusion are required regularly. The recommended volume for daily intravenous bolus administration is 2.5mL/kg, with a
maximum of 10mL/kg. Most recent technology now enables researchers to equip
the marmoset with an independent, not tethered, infusion system for long term administration (24 hrs/day), in combination with an extra-cutane port catheter (3.0
French) system. The weight of the back pack (17g; Lomir Biomedical, USA), together with the gas driven infusion pump (12g plus 5mL reservoir) should not exceed 1:7 of the animal body weight. The Infu-Disk™ technology by Med-e-Cell
(USA) fulfils these requirements. The pre-set pump with delivery rates ranging
from 0.03 to 4.0mL/hour has a reservoir of 5mL. Infu-Disk™ is gas driven and
pre-set by the supplier. The external pump carried by the marmoset can be connected to the port system and is replaced regularly. Using the activity monitoring
system Actiwatch® (CamNtech Ltd., UK) it could be demonstrated that the animals activity is reduced by only approx. 10% when wearing the 30g infusion back
pack system. All continuously infused marmosets (n=38) survived the post surgery
period as well as up to 5 weeks of continuous intravenous delivery. Microscopically,
epidermal scabs, subcutaneous edema, hemorrhage, acute and subacute inflammation, fibrosis and ulcer were observed in single animals at the catheter site. This
back-pack system now enables daily or weekly continuous intravenous infusion in
the marmoset and therefore enriches the administration regime for this species.

2243

HUMAN RISK ASSESSMENT OF PHOTOTOXIC
POTENTIAL OF 8-MOP, LOMEFLOXACIN,
SPARFLOXACIN, AND PIRFENIDONE USING
LONG–EVANS RAT.

T. Adachi. MItsubishi Tanabe Phrama Corporation, Kisarazu, Japan. Sponsor: J.
Shinozuka.
Phototoxicity sometimes has a strong impact on drug development. The in vivo animal model is often required for a quantitative estimate of the human phototoxicity
risk, and several systems have been developed using rats, mice and guinea pigs.
However, there is no validated in vivo system likes as 3T3 NRU PT test in vitro.
This study focused on the usefulness of an in vivo phototoxicity model using LongEvans (LE) rats for quantitative human risk assessment, i.e., margin of safety. As the
test compounds, four typical phototoxic drugs for human, 8-Methoxypsoralen (8MOP), Lomefloxacin (LMFX), Sparfloxacin (SPFX), and Pirfenidone (PFD) were
used. 8-MOP (1.5, 5, 15 and 50 mg/kg), LMFX (50, 100 and 200 mg/kg), SPFX
(50, 100 and 200 mg/kg), PFD (160, 320 and 750 mg/kg) were administrated
once orally to female LE rats. The skin and eyes of LE rats were exposed by UVA at
10 J/cm2 around the Tmax of each compound. Daily macroscopic observation of
skin and eyes, ophthalmological examination 4 days after dosing, and blood sampling for toxicokinetics (TK) was also performed. Skin and/or eye reactions were
noted with dose-dependency in all compounds. At each NOAEL, Cmax of 8-MOP
in plasma was estimated to be lower than that in humans at therapeutic dose levels,
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i.e., no margin of safety was noted. In contrast, LMFX, SPFX, and PFD had some
margin of safety compared with human exposure levels, i.e., 5, 4 and 7 times, respectively. These results appear to correlate with the phototoxic potential, because
8-MOP is a “contraindication” for light exposure, and LMFX, SPFX, and PFD are
a “warning”. Therefore, it is considered that the in vivo phototoxicity assay using
LE rats with TK analysis is useful to quantitatively predict phototoxicity risk of
pharmaceuticals to humans.

2244

OPTICAL COHERENCE TOMOGRAPHY (OCT) AND
FLUORESCEIN ANGIOGRAPHY AS USEFUL TOOLS TO
DETECT OCULAR TOXICITY IN CYNOMOLGUS
MONKEY.

J. Sohn1, 4, K. Cho1, 4, E. Choi2, 4, Y. Yoon3 and W. Son1, 4. 1Department of
Pathology, Asan Medical Center, University of Ulsan College of Medicine, Seoul,
Republic of Korea, 2Department of Radiation Oncology, Asan Medical Center,
University of Ulsan College of Medicine, Seoul, Republic of Korea, 3Department of
Ophthalmology, Asan Medical Center, University of Ulsan College of Medicine, Seoul,
Republic of Korea and 4Institute for Innovative Cancer Research, Asan Medical Center,
University of Ulsan College of Medicine, Seoul, Republic of Korea. Sponsor: K. Lim.
Ocular toxicity can be induced by many systemic drugs and indeed several drug-induced ocular side effects have been found in clinical studies. However, it is difficult
to detect ocular toxicity in preclinical studies due to lack of appropriate evaluation
methods. Optical coherence tomography (OCT) and fluorescein angiography were
applied to monkeys to identify drug-induced ocular side effects that are difficult to
detect through histopathology. Two male Cynomolgus monkeys were orally administered two different MAPK/ERK kinase (MEK) inhibitors, A-001 and Z-001, respectively, which are promising anti-cancer drugs and known to induce adverse ocular effects. One monkey was administered A-001 for 12 days, and the other was
administered Z-001 for 8 days (found dead on day 9). For ophthalmic examinations, OCT (Heidelberg Engineering OCT SPECTRALIS TR-KT-327) on Day 0
(pre-dose), 5, 7, and 12, fluorescein angiography (TOPCON RETINAL CAMERA TRC-50IX) on Day 12, and histopathology were conducted. On day 7, central serous chorioretinopathy (CSCR), a known side effect of MEK inhibitors in
clinical trials, was identified by OCT imaging in the monkey treated with Z-001.
The monkey treated with A-001 showed no ocular changes. Histopathology was
not reliable to detect edematous change because layers of the eyes were separated
during tissue processing. Thus, OCT and fluorescein angiography are considered to
be useful tools to detect ocular toxicity.

2245

HIGH-DEFINITION AND CONVENTIONAL
OSCILLOMETRY TECHNIQUES VERSUS TELEMETRY
IN BLOOD PRESSURE AND HEART RATE
MEASUREMENTS IN BEAGLE DOG AND
CYNOMOLGUS MONKEY.

C. Maraschiello, L. Pérez, E. Arévalo, A. Arañó and A. Casadesús. Harlan
Laboratories, S.A., Santa Perpetua de Mogoda, Barcelona, Spain. Sponsor: A. Poth.
Telemetry is the most accurate method for measuring blood pressure in large animals. However, the need for invasive surgery limits its use in toxicology studies.
This study was aimed at evaluating the precision of two indirect oscillometric blood
pressure measurement techniques on the Beagle dog and Cynomolgus monkey
(Macaca fascicularis). The two non-invasive methods used were conventional oscillometry in the dog and high-definition oscillometry (HDO) in the monkey. Blood
pressure measurements were obtained in manually restrained animals by placing a
cuff at the base of the tail of dogs in a standing position or in prone monkeys.
Values obtained non-invasively were compared with simultaneously recorded direct
blood pressure and heart rate data captured by telemetry implants. The two methods were contrasted in animals while conscious and after intravenous Propofol administration. In both species, the best correlation was obtained in heart rate. Single
linear regression revealed a R2 of 0.91 when comparing oscillometry and telemetry
and 0.87 when comparing HDO and telemetry. R2 values for systolic pressure were
up to 0.72 when comparing oscillometry and telemetry and 0.61 when comparing
HDO and telemetry. In dogs and monkeys administered Propofol, non-invasive
methods underestimated diastolic arterial pressure while exhibiting good repeatability for systolic pressure and heart rate measurements. Drug-induced hemodynamic changes could be detected in monkeys and dogs with the non-invasive methods thus indicating that these techniques can be considered as alternatives to
telemetry in cardiovascular research studies. Conclusion: The HDO tail-cuff
method provided accurate blood pressure measurements over the physiological

range of blood pressure in monkeys, whereas conventional oscillometry displayed
the same characteristics in dogs. It can be concluded that both can be considered as
alternatives to telemetry in toxicology studies.
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VALIDATION OF A UV-LLNA PROTOCOL BASED ON
LYMPH NODE WEIGHT AND CELL COUNT
QUANTIFICATIONS TO ASSESS PHOTOALLERGIC
POTENTIAL BY TOPICAL OR ORAL
ADMINISTRATION TO MICE.

N. J. Pearson1, C. Gerbeix1, P. Liberge1, B. Palate1, J. Descotes2, R. Forster1
and J. Legrand1. 1CiToxLAB France, Evreux, France and 2Poison Center, Lyon,
France.
Photosafety testing of pharmaceuticals may ultimately include an in vivo test. The
UV-LLNA assay originally developed by Ulrich et al (2001) is suitable for testing
compounds after topical cutaneous application or systemic administration by oral
route. The photoallergic assessment is based on quantification of both local reactions and local lymph node stimulation without the use bromodeoxyuridine or tritiated thymidine. As recommended by OECD guideline 429, we have validated
this assay by performing four consecutive assays with two known phototoxic and
photosensitizing compounds applied either orally or topically.
Seven groups of six BALB/cBYJ mice were treated for four days with vehicle or
three different doses of either sparfloxacin (10, 30, 100 mg/kg/day) by oral gavage,
or 3,3’,4’,5 tetrachlorosalicylanilide (0.02, 0.1 and 0.5%) by topical application to
the ears. One group at each dose level was irradiated with 10 J/cm2 UVA shortly
after treatment each day, while the other was not. Erythema was graded each day.
The mice were sacrificed on day 5 and ear punch biopsy weights, cervical lymph
node weight and lymph node cell counts were quantified. Histopathology of the
eye was performed to examine degeneration of the photoreceptor cell layer and external nuclear cell layer.
Both compounds, sparfloxacin given orally, or 3,3’,4’,5 tetrachlorosalicylanilide applied topically, reproducibly increased ear weight, lymph node weight and lymph
node cell count in a dose dependent manner and sparfloxacin induced retinal degenerative lesions following exposure to UVA. The UV-LLNA assay presented here
allows a quantitative in vivo assessment of phototoxicity and photoallergy in four
days.

2247

USE OF AWAKE ANIMAL IMAGING TO FINGER PRINT
FOR CNS LIABILITY.

C. Ferris2, 1, M. Nedelman1, P. Kulkarni2, 1 and T. Stolberg2, 1. 1Ekam Imaging,
Boston, MA and 2Northeastern University, Boston, MA. Sponsor: G. Treacy.
The objectives of safety pharmacology studies include but are not limited to identifying undesirable pharmacodynamic properties of a substance that may have relevance to its human safety and to investigate the mechanism of the adverse pharmacodynamic effects observed and/or suspected. In this study we hypothesized that
drugs which carry a Black Box warning for suicide share a common distributed
neural circuit involved with cognitive function. Using phMRI (pharmaceutical
magnetic resonance imaging), we sought to identify brain activity common to selected drugs with FDA warnings for risk of suicide. Awake rats, acclimated to the
scanning procedure, were analyzed for changes in brain activity using BOLD
(blood oxygen level dependent) imaging. The activation patterns were compared
for drugs known to have a risk of suicide (venlafaxine, ramonabant and gabapentine) to those for controls (clozapine and buspirone). BOLD signal changes across
154 brain areas demonstrated a difference in neural activity between drugs at risk
and those used to treat suicidal ideation and aggression. Brain areas comprising this
putative neural circuit characteristic of drugs at risk include; prelimbic cortex, secondary somatosensory cortex, medial dorsal striatum, central thalamus, CA1 hippocampus and others. Interestingly, the integrated neural circuit identified for
drugs at risk match many of brain areas involved in schizophrenia.

2248

PRECLINICAL CARDIAC RISK ASSESSMENT OF HDAC
INHIBITORS: INVESTIGATIONS OF HDACI-INDUCED
QT PROLONGATION.

S. Spence1, J. Marlowe2, M. Deurinck3, M. Tseng2, M. Traebert3, L. McLean4,
G. Erdemli6, H. Ju5, M. Shultz7 and S. Pantano8. 1Preclinical Safety Assessment,
Novartis Institutes of Biomedical Research, Cambridge, MA, 2Investigative Toxicology,
Novartis Insitutes of Biomedical Research, Cambridge, MA, 3Safety Pharmacology,
Novartis Pharmaceuticals, Basel, Switzerland, 4Investigative Toxicology, Novartis
Insitutes of Biomedical Research, East Hanover, NJ, 5Safety Pharmacology, Novartis
Insitutes of Biomedical Research, East Hanover, NJ, 6Preclinical Safety Profiling,
Novartis Insitutes of Biomedical Research, Cambridge, MA, 7Chemistry, Novartis
Insitutes of Biomedical Research, Cambridge, MA and 8Pathology, Novartis
Pharmaceuticals, Basel, Switzerland.
In the clinical setting a number of HDACi are associated with slight dose- and
schedule-dependent prolongation of the QTc interval and isolated anecdotal reports of torsade de pointe at high doses. To identify the potential mechanism(s) responsible for these effects we performed an extensive assessment of non-clinical cardiac safety studies. HDACi of diverse structures, specificities and potencies were
assessed in numerous assays including: HDAC isotype profiling, cytoxicity, hERG,
Nav1.5 and Cav1.2 binding and patch clamp, hERG trafficking and maturation,
comparative dog telemetry and toxicogenomics analyses. The results indicate that
HDACi effects on cardiac repolarization are likely due to target mediated epigenetic changes of the myocardium. Common themes of HDACi on the hERG channel and cardiac repolarization and myocardial toxicogenomic signatures will be presented and discussed.

2249

DETECTION OF SUBTLE THYROIDEAL EFFECTS OF
AMIODARONE BY MEANS OF METABOLOMICS.

B. van Ravenzwaay1, E. Fabian1, M. Herold2, G. Krennrich1, R. Looser2, W.
Mellert1, A. Prokoudine2, V. Strauss1, T. Walk2, J. Wiemer2 and H. Kamp1.
1BASF SE, Ludwigshafen, Germany and 2metanomics GmbH, Berlin, Germany.
Sponsor: R. Landsiedel.
Metabolomics is a tool to measure treatment-induced changes of endogenous
metabolite levels in biological samples. BASF SE and metanomics GmbH have developed a data base (MetaMap®Tox) containing the plasma metabolite profiles in
rats of more than 500 data rich chemicals, agrochemicals and drugs. This
metabolome database has been built based upon four weeks studies (adapted to
OECD 407 guideline) with blood sampling and measuring of about 300 metabolites after 7, 14 and 28 days. Sets of common metabolite level changes (metabolite
patterns) were arranged to characterize several toxicological modes of action
(MOAs). Metabolite patterns were established to differentiate between a direct effect (e.g., thyreoperoxidase inhibition) and an indirect effect (increased thyroid
hormone conjugation by microsomal liver enzyme induction) leading to hypothyroidism.
We created the metabolome of Amiodarone to create a metabolic pattern for antiarrythmic drugs in a group with other pharmaceutica. Later, based on the results of
a publication of J. Cohen-Lehman et al. (2010: Effects of amiodarone therapy on
thyroid function. Nat Rev Endocrinol 6 (1), 34-41) we did re-evaluate the 2007
metabolome data for potential thyroid effects of Amiodarone. We noted that the
Amiodarone metabolome correlated with the pattern for indirect inhibiting thyroid
effects. There was also a very good match with the pattern for direct inhibiting effects. However, T4 levels were not decreased but rather elevated suggesting a different or at least additional effect on the thyroid. This fact demonstrates the potential
of metabolomics to identify subtle toxicological changes.
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HEPATIC LIPIDOSIS MEDIATED BY OFF-TARGET
ACTIVATION OF CANNABINOID 1 RECEPTOR.

Y. Yang, J. Lai-Zhang, R. Ciurlionis, A. R. Lisowski, W. Buck, E. A. Blomme,
B. Yao, O. F. El-Kouhen, M. J. Dart, X. Wang, J. M. Frost and M. D. Meyer.
Abbott Laboratories, Abbott Park, IL.
Activation of the cannabinoid (CB) 2 receptor represent an attractive new approach
for the broad-spectrum treatment of pain. During the toxicological characterization
of A-001, an experimental CB2 agonist, hepatic lipidosis was observed in rats after
5 days of dosing at exposure levels 30 fold above those required to achieve in vivo
efficacy. The histopathological changes were accompanied with increases of triglycerides levels in the liver. A toxicogenomics analysis of the liver from these rats
showed an up-regulation of genes involved in fatty acids and cholesterol biosynthesis (including SREBP, acetyl-CoA carboxylase, fatty acid synthase, and HMG-CoA
reductase) and a down-regulation of genes involved in beta-oxidation of fatty acids
(such as carnitine palmitoyltransferase and hydroxyacyl-CoA dehydrogenase).
These genomic profiles were consistent with the downstream molecular effects expected after activation of the CB1 receptor, suggesting that the hepatic lipidosis
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may have been induced by an off-target interaction with CB1 receptor. To further
investigate this hypothesis, CB1-null and wild-type mice were treated with either
vehicle or A-001 for 5 days at dosage levels resulting in exposures similar to those in
rats. The CB1 null mice did not develop hepatic lipidosis in contrast to what was
observed in wild-type mice treated with A-001. Collectively, these findings coupled
with the in vitro selectivity profile suggest that A-001-induced hepatic lipidosis was
mediated by off-target activation of CB1 receptor, and not by activation of the CB2
receptor.

2251

ASSESSMENT OF SKELETAL MUSCLE MASS AND
NERVE CONDUCTION VELOCITY IN RAT
PRECLINICAL TOXICOLOGY STUDIES.

A. Varela1, N. Doyle1, E. Lesage1, S. Haile1, J. C. Arezzo2 and S. Y. Smith1.
1Toxicology, Charles River Preclinical Services, Senneville, QC, Canada and
2Departments of Neuroscience and Neurology, A. Einstein College of Medicine, New
York, NY. Sponsor: M. Vézina.
New techniques are now available to evaluate skeletal muscle and peripheral nerve
conduction in preclinical studies. The purpose of this study was to evaluate muscle
by peripheral Quantitative Computed Tomography and nerve conduction velocity
in orchidectomized (ORX) testosterone depleted mature Sprague-Dawley rats over
a 3 month period.
Six-month-old male rats were randomly assigned to 2 groups by body weight (BW).
Ten rats underwent either ORX or Sham operation and were observed for 13
weeks. Bone densitometry and fat/lean analysis by pQCT was measured at 0, 6 and
13 weeks at the proximal tibia metaphysis and diaphysis. BW and food consumption were measured weekly and muscle weights were recorded at necropsy. Nerve
conduction velocity was recorded for the mixed caudal nerve, the sensory digital
nerve, and the distal motor branches of the tibial nerve innervating plantar muscles
of the foot prior to ORX and at 6 and 12 weeks post ORX.
After surgery, food consumption of ORX rats was lower than Shams by up to 10%
between Weeks 5 and 13, resulting in lower BW gains and a reduced BW of 5% at
the end of the study. pQCT muscle area was decreased relative to Shams of 6 and
13% at Weeks 6 and 13, with no significant changes in muscle density or fat area.
Trends for lower gastrocnemius and extensor digitorum longus weights by 4.5%
and 4.0% for ORX rats compared to shams were noted at necropsy. The changes in
muscle were not associated with slowing of either sensory or motor nerve conduction velocity.
pQCT and nerve conduction velocity provide reproducible and repeated non-invasive measurements of skeletal muscle and peripheral nerves in rats. These data,
combined with biochemical, histology evaluations and muscle functionality assessment (dynamic weight bearing and grip strength), provide a comprehensive assessment of muscle and peripheral nerve conduction, supporting the use of these endpoints in preclinical studies for drug development.

2252

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY
STUDIES DEMONSTRATE THAT AN2728, A NOVEL
BORON-CONTAINING SMALL MOLECULE, IS
NEITHER A REPRODUCTIVE TOXICANT NOR A
TERATOGEN.

C. Chen1, V. A. Sharper2 and S. Chanda1. 1Preclinical Safety, Anacor
Pharmaceuticals, Palo Alto, CA and 2Preclinical Services, Charles River Laboratories,
Horsham, PA.
AN2728 is a new chemical entity which represents a new class of boron-based compounds that are being developed for the topical treatment for psoriasis. A fertility
and reproductive toxicity study was conducted in rats via oral gavage at doses up to
600 mg/kg/day. Males were dosed 28 days before cohabitation, through cohabitation and continuing through the day before sacrifice; females were dosed 15 days
before cohabitation and continuing through Day 7 of presumed gestation (DG 7).
No effects on mating and fertility in male or female rats or Caesarean-sectioning
and litter parameters of female rats, and as a result, the reproductive no-oberved-adverse-effect-level (NOAEL) was 600 mg/kg/day. Developmental toxicity (teratology) studies were conducted in rats and rabbits. In the rat teratology study, presumed-pregnant rats were dosed with AN2728 at 150, 300 and 600 mg/kg/day by
oral gavage from DG 7 17. AN2728 related findings were limited to decrease in
body weight gain (DG 7 10), food consumption, fetal body weights and the occurrence of fecal changes at 600 mg/kg/day. As a result, the maternal and developmental NOAEL of AN2728 was 300 mg/kg/day in rats. In the rabbit teratology study,
presumed-pregnant rabbits were dosed with AN2728 by oral gavage from DG 7-19
at doses up to 100 mg/kg/day. No severe maternal or any embryo-fetal development effects were observed in the study. The maternal NOAEL and developmental
no-observed-effect-level (NOEL) were 100 mg/kg/day in rabbits. Based on the results obtained from the reproductive and developmental toxicity studies in rats and
rabbits, AN2728 is not identified as a reproductive toxicant or teratogenic agent.
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NONCLINICAL SAFETY EVALUATION OF XOMA 3AB, A
NOVEL TRIPLE MONOCLONAL ANTIBODY DRUG
PRODUCT TARGETING BOTULINUM TOXIN TYPE A,
IN SPRAGUE DAWLEY RATS.

K. Meyer1, H. Ng2, T. Parman2, A. D’Andrea2, T. Harrison2, C. Green2, J.
Ma1, L. Cao1, B. Shimizu1, K. Der1 and J. Mirsalis2. 1Product Development,
XOMA (US) LLC, Berkeley, CA and 2SRI International, Menlo Park, CA.
XOMA 3AB is being evaluated for the treatment of botulinum toxin type A
(BoNT/A) poisoning. XOMA 3AB is composed of an equimolar mixture of three
human or humanized IgG1 monoclonal antibodies (mAb), referred to as NX01,
NX02 and NX11, that target unique non-overlapping regions on BoNT/A, resulting in rapid clearance of the toxin from the systemic circulation. Nonclinical safety
evaluation pharmacokinetics (PK) and toxicology studies were conducted in
Sprague-Dawley rats to support the clinical development of XOMA 3AB. The PK
of XOMA 3AB was evaluated in rats for 71 days following a single IV injection at
dose levels 0.1, 1 and 10 mg/kg. XOMA 3AB was administered weekly for five
weeks by IM injection at doses up to 50 mg/kg and by IM injection at a dose level
of 3 mg/kg for toxicology assessment. Parameters evaluated included clinical observations, food consumption, body weights, clinical pathology, ophthalmology, urinalysis, macroscopic and microscopic evaluation. Electrochemi-luminescence
(ECL)-based assays were developed to measure the individual mAbs in rat serum.
An ECL assay was also developed to measure total anti-drug antibodies (ADA) to
XOMA 3AB. The results show that NX01, NX02 and NX11 have similar PK profiles and demonstrate a dose proportional bi-exponential decline in initial and terminal half-lives, clearance and volume of distribution. The half-lives of NX01,
NX02 and NX11 ranged from 12.4 to 17.2 days. Animals with ADA showed increased clearance of XOMA 3AB from the serum. There were no toxicologically significant findings related to administration of XOMA 3AB to rats. The no-observable-adverse-effect level (NOAEL) following intravenous administration was ≥ 50
mg/kg, the highest dose tested. This project has been funded in whole or in part
with federal funds from the NIAID, NIH, DHHS contract numbers
HHSN266200600008C and HHSN266200600011C.

2254

RESPIRATORY SAFETY PHARMACOLOGY IN RATS,
CANINES, AND NONHUMAN PRIMATES:
COMPARISON OF MINIMAL DETECTABLE
DIFFERENCE.

S. Authier1, 2, R. Forster1, A. Ascah1, M. Pouliot1 and E. Troncy2. 1CiToxLAB,
Laval, QC, Canada and 2Faculty of Veterinary Medicine, University of Montreal, StHyacinthe, QC, Canada.
Respiratory safety pharmacology can be included as part of repeat toxicology studies in rats, canines and nonhuman primates (NHPs). Various parameters that impact sensitivity were evaluated by retrospective evaluation of historical control data
from various species commonly used in toxicology. Respiratory data was obtained
from head-out and whole body plethysmography in rats and with a pneumotachometer connected to a mask in canines. Respiratory data obtained with a helmet
and bias flow or from freely moving animal were used for nonhuman primate
analysis. The minimal detectable difference (MDD) was calculated for n=8 per
group for respiratory rate (RR), tidal volume (TV) and minute ventilation (MV).
The MDD in restrained NHPs when compared with data from freely moving animals was 12%, 25% and 21% higher for RR, TV and MV. The MDD in NHP
(helmet) when using absolute values when compared with individual percents of
baseline was 22%, 16% and 41% higher for RR, TV and MV, respectively. MDD
for MV was 16.8%, 29.9% and 33.2% for rats, NHPs (helmet) and canines, respectively. In conclusion, our results suggest that individual percent of baseline provide increased sensitivity when compared with absolute values. In NHPs, respiratory data obtained from freely moving animals was associated with increased
sensitivity when compared with a restrained models. In rats, sensitivity was comparable with head-out or whole body plethysmography.

2255

TEMPORAL ASSESSMENT OF ACCLIMATION
PERSISTENCE WITH JACKETED EXTERNAL
TELEMETRY: IMPACT OF HEMODYNAMIC STABILITY
ON STUDY DESIGN.

S. Tichenor, H. Holzgrefe, D. Regalia and D. Meyer. Toxicology, Charles River
Laboratories, Reno, NV.
Jacketed external telemetry (JET) has allowed for the periodic non-invasive acquisition of surface ECGs in repeat dose toxicology studies. The recent addition of minimally invasive blood pressure (MIBP) has further expanded the scope and use of

JET. While non-invasive, the use of JET in non-human primates is characterized by
transient stress-induced increases in heart rate and blood pressure which adversely
affect both data quality and interpretation. Multiple JET acclimation schemes have
been described, but the temporal hemodynamic stability of jacket acclimation has
not been systematically characterized. Following a graded 2 wk acclimation procedure, 10 male cynomolgus monkeys (cynos) were instrumented with JET and
ECGs and MIBP monitored for 48 h periods on days 1, 6, 9, and 13. On day 1,
4/10 cynos (group A) exhibited marked increases in heart rate (232±25 vs. 165±28
bpm) and blood pressure (156±10 vs. 134±13 mmHg) compared to 6 cynos (group
B) which exhibited sustained acclimation. During the second JET session (day 6)
heart rates (169±23 vs. 165±28 bpm) and MIBP (132±11 vs. 134±13 mmHg)
demonstrated normal post acclimation values in all animals ([day 6 n=10] vs. [day
1 n=6]). These results demonstrate that cyno acclimation responses are an individual characteristic which cannot be assumed to remain stable, even during a brief
quiescent period prior to study initiation. Importantly, the group A animals exhibited sustained increases in heart rate and blood pressure over the entire 48 hour day
1 acquisition period, allowing for the objective identification of animals which required an additional acclimation renewal period prior to study start. These data
demonstrate that the routine inclusion of an immediate prestudy acclimation characterization will allow the selection of animals with a stable hemodynamic background, thus increasing both the power and sensitivity of a given study to detect
significant treatment-associated hemodynamic and ECG responses.

2256

MECHANISMS OF ACUTE PHOTOTOXICITY AND
PHARMACOKINETIC PROPERTIES IN SKIN OF
BALB/C MICE.

S. Boudon, B. Prideaux, A. Piaia, M. Stoeckli, J. Schuemann, U. PlappertHelbig and D. Bauer. Novartis Institutes for BioMedical Research, Basel,
Switzerland. Sponsor: P. Ulrich.
Photosensitization – sunlight-induced toxicity – is a common phenomenon mediated by many natural and synthetic compounds. There are well-established and
routinely used test methods to investigate phototoxicity related to drug substances.
However, these test methods frequently do not provide sufficient mechanistic insight. The oral UV-Local Lymph Node Assay (UV-LLNA) in Balb/c mice as a wellestablished reference model for acute phototoxicity. Typically, animals are treated
orally once daily followed by subsequent irradiation (e.g. 10 J/cm2 of UVA) for
three consecutives days. In addition to clinical signs e.g. at the ear, acute reactions
of auricular lymph nodes are assessed. In order to investigate the co-localization of
histopathological signs of acute phototoxicity and the distribution of phototoxic
compounds within skin after oral administration early sampling time points were
added. Initially, Sparfloxacin was used as a well-known in vivo phototoxic compound. After 2, 4, 12 and 24 hours post-UV exposure, mice were euthanized and
ear punch-out biopsies were taken, weighed and further processed for histopathological and pharmacokinetic analyses. A significant, time-dependant increase of the
ear weight at 2 and 4 hours post-UV exposure was seen, indicative of edema formation, which decayed at 12 hours already. These results correlated well with the
H&E staining of mouse ear skin showing edema, congestion and inflammatory infiltrate. Specific analyses of involved inflammatory pathways are ongoing. In parallel, analytical imaging techniques were evaluated. Sparfloxacin was applied to a reconstituted human skin model via the subnatant (Phenion®) and samples were
analyzed by mass spectrometry imaging (MALDI-SRM-QqQ). Applying this
method to skin samples from the murine UV-LLNA is expected to provide corresponding localization data. Following Sparfloxacin a set of phototoxic reference
compounds will be profiled in order to enlarge the mechanistic understanding of
the underlying phototoxic mechanism in vivo.

have reactions at the local injection site. Previously conducted nonclinical toxicity
studies (up to 1 month in rats or 14 days in dogs) with BeneFIX® supported the
approval of the 250 to 2000 IU dosage strengths. To support a 3000 IU dosage
strength, we conducted a local tolerability and PK study in male rats given a single
IV bolus dose of 200 IU/kg; a local tolerability study in male dogs administered a
single perivascular or intraarterial dose of 200 IU/kg; and a thrombogenicity study
in male rabbits administered a single IV bolus dose of 1000 IU/kg. The local tolerance, exposure, and thrombogenicity of 3000 IU BeneFIX® were compared to that
observed with an equivalent dose of the 2000 IU BeneFIX®. In the local tolerance
studies, neither 200 IU/kg of BeneFIX® 3000 IU nor 200 IU/kg of BeneFIX®
2000 IU produced test article-related effects at the injection site when administered
by IV (bolus) injection to rats or when administered perivenous to the cephalic vein
or into the femoral artery of dogs. PK profiles were comparable in rats at 200 IU/kg
of BeneFIX® 3000 IU or 2000 IU. In the thrombogenicity assay, 1000 IU/kg of
the 3000 IU BeneFIX® did not result in the formation of thrombi. Results from
these nonclinical studies, as well as the existing safety and efficacy data from clinical
trials, support the approval of the new 3000 IU/vial dosage strength of BeneFIX®.
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S. M. Kervyn1, H. Chanteux1, V. Mancel1, G. Dubin2, X. Delepine1, B.
Gerin1, L. Staelens1, O. Depelchin1 and J. Nicolas1. 1Nonclinical Development,
UCB Pharmacology SA, Braine-l’Alleud, Belgium and 2Mass Spectrometry, SGS
Cephac, Saint Benoît, France.
ucb-101747-1, a new antiepileptic drug candidate, induced adverse liver changes in
dogs but not in rats, consisting of brown pigment deposits, possibly hepatic porphyrins. The present work was performed to unravel the mechanisms underlying
the above findings, and to test the hypothesis of a dog-specific reactive metabolite
that would impair the heme biosynthetic pathway. The relevance to the human situation is addressed.
Liver samples of Beagle dogs orally dosed at 200 mg/kg/day for 4 weeks were analyzed for CYP activities, porphyrin levels and ferrochelatase activity (spectrofluorimetric method), and porphyrin adducts (LC-MS/MS). Rat, dog and human hepatocytes were incubated with 14C-labeled compound and the metabolites analyzed
by radio-HPLC. Dog and human hepatocytes were incubated with ucb-101747-1
and main CYP marker activities were measured (CYP1A, CYP2B, CYP3A).
In the liver of treated dogs, total porphyrin levels were increased by ca 6000-fold
compared to control dogs, mainly as protoporphyrin IX. No such increase was seen
in the liver of high-dose rats. In dog liver, the ferrochelatase activity was decreased
by ca 75%; the LC-MS/MS chromatograms revealed an adduct made of an oxidized form of ucb-101747-1 covalently bound to protoporphyrin IX (N-alkyl PP).
In vivo and in vitro, the main ucb-101747-1 metabolite in dog results from the βoxidation of the butyramide side-chain, mediated by CYP2B11. Rat and human
hepatocytes did not produce this metabolite.
Data suggest that the dog-specific protoporphyria is likely to result from the oxidation of ucb-101747-1 into a terminal alkene. This metabolite is hypothesized to
bind to the heme moiety of CYP to form the observed N-alkylPP, which in turn inhibits ferrochelatase, making protoporphyrin IX to accumulate in the liver. ucb101747-1 bioactivation is restricted to dog. Thus, ucb-101747-1 is unlikely to activate quiescent inherited porphyria in the clinical situation.
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NONCLINICAL TOXICITY STUDIES TO SUPPORT 3000
IU BENEFIX®.

M. W. Bolt1, M. W. Leach2, C. Jackson3, A. Alexander4 and L. Sun5. 1Pfizer,
Groton, CT, 2Pfizer, Andover, MA, 3Covance, Greenfield, IN, 4Covance, Madison,
WI and 5Alnylam, Cambridge, MA.
BeneFIX® [Coagulation Factor IX (Recombinant)], is indicated for the control
and prevention of bleeding episodes in adult and pediatric patients with hemophilia
B. BeneFIX® is currently marketed as 250, 500, 1000, and 2000 international
units (IU)/vial (50, 100, 200, and 400 IU/mL, respectively) dosage strengths.
However, a new 3000 IU/vial (600 IU/mL) dosage strength was proposed because
hemophilia patients often require doses >2000 IU BeneFIX®. Although
BeneFIX® dosages ≥3000 IU were well tolerated by patients systemically, the more
concentrated 3000 IU BeneFIX® dosage strength might increase the potential to

HEPATIC PORPHYRIA IN DOGS AFTER
ADMINISTRATION OF A NEW ANTIEPILEPTIC DRUG
CANDIDATE: MECHANISM AND SPECIES
SPECIFICITY.

GLYT1 INHIBITOR REDUCES OSCILLATORY
POTENTIALS OF ELECTRORETINOGRAM IN RATS.

C. Somps, C. Liu, G. Seitis and B. Pettersen. Drug Safety, Pfizer Global R&D,
Groton, CT.
Selective inhibitors of glycine transporter type 1 (GlyT1) are being developed to
treat cognitive and negative symptoms in schizophrenia. Reduced neurotransmission at the NMDA subtype of the glutamate receptor has been identified as a primary neurochemical deficit in schizophrenia. Since glycine is a required co-agonist
for glutamate activation of the NMDA receptor, increasing synaptic glycine concentration by inhibiting its reuptake from the synapse should enhance NMDA signaling. In support of this hypothesis, clinical studies have demonstrated evidence of
improvements in symptoms of schizophrenia following a high dose of glycine to patients. However, large increases in systemic glycine (when used as an irrigating fluid
during prostate surgery) have been associated with visual and electroretinogram
(ERG) disturbances. Thus, we conducted the current study in order to determine if
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an orally delivered, selective GlyT1 inhibitor causes changes in ERG responses in
rats. Male Sprague-Dawley rats (6-8/group) were administered PF-03463275 (PF)
subcutaneously at 1, 3 and 10 mg/kg one hour prior to ERG acquisition. Scotopic
and photopic luminance responses, photopic adaptometry and flicker responses
were measured. Plasma and vitreous samples were obtained for determination of PF
concentrations at the end of the ERG session. A dose-dependent reduction (up to
~70%) in the amplitude of the scotopic ERG oscillatory potentials (OP) was observed following PF administration. The amplitude of OP was also negatively correlated to the concentration of PF in the vitreous humor (r = -0.64, p <0.0001).
With the exception of a small increase in scotopic ERG a-wave amplitude and latency no effects were observed on other ERG parameters tested. Our findings are
consistent with reports of decreased OPs in humans (Creel et al, 1987) and rabbits
(Korol, 1973) following systemic or intravitreal glycine administration, respectively.
Thus, inhibition of the GlyT1 transporter may cause ERG changes in the rat and
underlie recent reports of visual disturbance with GlyT1 inhibitors in the clinic
(Ouellet, 2011).

2260

EVALUATION OF RESPIRATORY INDUCTIVE
PLETHYSMOGRAPHY USING THE EMKABELT SYSTEM
IN THE CONSCIOUS DOG AND PRIMATE.

K. Meecham, E. Spridgen, S. Purbrick, S. Jordan and C. Auletta. Pharmacology,
Huntingdon Life Sciences, Huntingdon, United Kingdom.
To date, respiratory measurements are typically obtained from conscious large animals using a pneumotachograph attached to a face mask. However, this method requires restraint of the animals, restricts measurements to a relatively short time and
recordings cannot be performed during inhalation administration of test substances. Respiratory Inductive Plethysmography (RIP) is reported to allow accurate
measurement of ventilatory parameters in freely moving animals. The purpose of
this study was to evaluate the data obtained from the non-invasive telemetry
EMKABelt (jacket) RIP system to that obtained using the face mask and pneumotachograph system. 4 dogs and 4 primates implanted with DSITM telemetry transmitters were habituated to EMKABelt jackets and face masks over 14 days.
Preliminary respiratory recordings were obtained in order to evaluate the most appropriate restrained posture (standing or sitting) for calibration of the EMKABelt
system with the pneumotach/mask system. Respiratory recordings from both mask
and RIP were obtained prior to and following CO2 (via a re-breath manoeuvre),
Doxapram (i.v.) or inhaled Methacholine (5 min). Cardiovascular parameters were
monitored by telemetry during all procedures. The data obtained showed a high degree of correlation between the EMKABelt (jacket) RIP system and the pneumotach/mask system. The EMKABelt system provides viable respiratory data and has
the potential to be used on stand-alone safety pharmacology studies or as a functional end point on toxicology studies.

2261

SAFETY EVALUATION OF RECOMBINANT HUMAN
LACTOFERRIN FROM RICE: 28-DAY TOXICOLOGY
STUDY IN BEAGLE DOGS.

W. Maier1, P. Cole1, A. Aubach1, S. Frantz1, V. Akoyev2, C. Austin2, M.
Burnett2, M. Rice2, P. Smith2, G. Unruh2, N. Huang3, D. Zhang3 and D. E.
Johnson4. 1MPI Research, Mattawan, MI, 2Ventria Bioscience, Junction City, KS,
3Ventria Bioscience, Fort Collins, CO and 4Emiliem, Emeryville, CA.
Recombinant human lactoferrin (rhLF) is produced by utilizing genetically modified rice plants as the expression system for protein production. Lactoferrin is believed to be a key factor that promotes the growth of beneficial microflora in the GI
tract and inhibits the growth of selected pathogens and promotes intestine cells
growth and migration. This suggests that rhLF may be able to protect individuals
from severe diarrhea resulting from treatment with broad spectrum antibiotics.
Since the biological and pharmacological activity of rhLF for this indication occurs
in the GI tract, clinical trials and supporting toxicology studies utilize the oral route
of administration. In this 28-day oral toxicology study, three treatment groups of
four male and four female beagle dogs were administered the test article at respective dose levels of 100, 300, or 1000 mg/kg/day. One additional group of four animals/sex served as the control and received the vehicle, trisodium citrate (TSC) in
distilled water. The test article or vehicle was administered to all groups via oral gavage, once daily for 28 consecutive days, at a dose volume of 5 mL/kg. Evaluations
included clinical observations, body weights, food consumption, ophthalmology,
electrocardiography, clinical pathology, and macroscopic and microscopic evaluations of tissues. No test article-related findings were noted in any parameter examined. Based on the lack of toxicological findings, the No Observed Effect Level
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(NOEL) was 1000 mg/kg/day, the highest dose level tested, which is the limit dose
for this species. This study supported an IND and the initiation of a pivotal trial in
patients with antibiotic-induced diarrhea.

2262

PRECLINICAL INVESTIGATIONS INTO POTENTIAL
MECHANISMS OF PAZOPANIB–INDUCED
HEPATOTOXICITY IN PATIENTS.

D. Petrucci1, C. Hu1, K. French1, L. Webster2, K. Skordos2, R. Brown1, H.
Jordan1, N. Cariello1, R. Miller1 and K. Frazier1. 1Safety Assessment,
GlaxoSmithKline, King of Prussia, PA and 2Drug Metabolism and Pharmacokinetics,
GlaxoSmithKline, King of Prussia, PA.
Pazopanib is an antiangiogenic drug approved for advanced renal cell carcinoma.
Severe hepatotoxicity has been observed in clinical studies. To investigate potential
mechanisms, in vitro and in vivo studies were performed. The effects of pazopanib
on cellular viability, mitochondrial function, oxidative stress and calcium homeostasis were investigated in HepG2 cells. Cells were exposed to pazopanib in excess
of clinical exposures (up to 4 μM, limit of solubility) for up to 24h. Except for a
transient minimal ATP reduction at 2h, pazopanib did not induce any significant
changes in endpoints related to viability, mitochondrial membrane potential and
mitochondrial respiration, reactive oxygen species generation, glutathione content
and lipid peroxidation nor calcium homeostasis (intracellular free calcium). In a repeat dose toxicity study in rats, a dose comparable to clinical exposures caused
slight but significant increases in BSEP mRNA levels in liver, concordant with mild
increases in ALT, GLDH, bilirubin and total bile acids. Slight increases in CYP7A
mRNA levels were also observed, which is typically decreased in bile stasis. There
was no histopathological evidence of hepatocellular or biliary toxicity in any preclinical studies.
To rule out potential inhibition of hepatobiliary transport as a mechanism of hepatotoxicity, pazopanib was interrogated for its potential to inhibit rat and human
bile salt export pump (BSEP) and sodium taurocholate cotransport polypeptide
(NTCP). Using sandwich cultured hepatocytes, pazopanib was not found to inhibit
human BSEP. Modest inhibition was observed for rat NTCP at 30 μM, but was insufficient to calculate an IC50. Based on these results it appears unlikely that inhibition of BESP or NTCP contribute to the observed hepatotoxicity following pazopanib administration. In conclusion, results from a battery of assays have helped
rule out several potential mechanisms of clinical hepatotoxicity.

2263

INCLUSION OF MICROCHIP TRANSPONDER BODY
TEMPERATURE MEASUREMENTS IN RAT
TOXICOLOGY STUDIES.

H. Prior, J. Noakes, I. Slater, S. Kelly, M. Smith, A. Kimzey, R. Roberts and J.
Valentin. Safety Assessment UK, AstraZeneca UK Ltd, Macclesfield, Cheshire, United
Kingdom.
In preclinical studies, the simplest method of measuring body temperature is via a
rectal probe. Measurements can cause stress and hyperthermia when repeated over
many hours/days and disturb animals in their home cages. A microchip transponder system for recording body temperature (IPTT-300, BMDS) is an alternative
non-invasive method. This was included in rat MTD/DRF toxicology studies for 6
compounds from one project where changes to temperature were previously observed, or were expected.
Transponder microchips were subcutaneously implanted in the interscapular region
of male Han Wistar rats (3/grp) during surgery for placement of intravenous cannulae. Following 7 days recovery, each group received a 1 h infusion of a single dose
level of compound, on 2 consecutive days (MTD phase). Microchip temperatures
were recorded pre-dose then at 0.5, 1, 2, 4, 6 and 24 h post-dose on both days.
Further groups received a 1 h infusion of a single dose level of compound on 7 consecutive days (DRF phase), with microchip temperatures recorded as above on days
1, 2, 5 and 7.
During both the MTD and DRF phases, decreases in temperature (from 0.5 to
5°C) were detected and monitored for all 6 compounds. Differentiation between
the compounds was possible on the basis of magnitude of change in body temperature, other clinical signs and plasma exposures. Microchip measurements were
quick to perform, required no handling/disturbance to the animals, were user-independent, and data transferred directly to Microsoft Excel. No microchip-associated
histopathological effects were noted at necropsy.
In conclusion, the microchip transponder method facilitates the monitoring of
body temperature at multiple timepoints over the extended period of toxicology
studies, providing useful data from low numbers of animals. This is also a 3Rs refinement to standard rectal measurements, with the potential to provide more data
from a less-invasive method and should be routinely included when enhanced temperature data would be beneficial.

2264

DISCOVERY OF HIDDEN MECHANISMS OF ADVERSE
EVENTS USING INTEGRATED DATABASE MINING.

H. Chen1, M. Liu1, A. Enayetallah2, D. Manyak1 and M. Pletcher2. 1Research
and Development, Caliper Discovery Alliances and Services, Hanover, MD and
2Compound Safety Prediction Group, Pfizer, Groton, CT.
Chronic use of medications such as antipsychotics and antidepressants can induce
certain metabolic disorders including insulin resistance, glucose intolerance and
non-alcoholic steatohepatitis (NASH) in a subset of patients. To identify the mechanism driving these adverse events, we used an integrated in silico approach based
on a proprietary set of in vitro pharmacological profiles of a number of drugs (all
known to cause liver lipidosis), genomic databases, and statistical sampling and interrogation techniques to identify previously unknown off-target activities of these
compounds, specifically histamine receptor subtype 2 (H2)-antagonism. This prediction, based on our in silico approach, of H2 antagonism as the most probable
mechanism associated with this spectrum of drug-induced metabolic disorders was
later independently confirmed by receptor (H2-/-) knock-out transgenic animal
studies. Histamine antagonist activity has been a suspected mechanism underlying
these complications. Considering that antihistamines are an important treatment
strategy for seasonal allergic reactions, identifying the specific histamine receptor
subtype(s) (H1, H2 and/or H3) that may be mechanistically related to these observed side effects would be a valuable finding with respect to development strategies for new safer antihistamine drugs.

2265

HISTORICAL BACKGROUND DATA OF EXTENDED
FERTILITY ASSESSMENTS IN REPEAT DOSE TOXICITY
STUDIES.

N. Lalayeva1, R. Love1, R. Watson1, S. Oneda1, G. DeLosSantos1, N. Makori1,
P. Franklin1, T. Beck1 and R. Nagata2. 1Safety Assessment, SNBL USA, Ltd.,
Everett, WA and 2Corporate, Shin Nippon Biomedical Laboratories, Ltd., Kagoshima,
Japan.
Male and female fertility parameters can be assessed in repeat dose toxicity studies
using sexually mature Cynomolgus monkeys (Macaca fascicularis, Mfl), as proposed in the addendum to ICH 6S (R1, 2011) guideline. The aim of this presentation is to provide comprehensive historical control background data collected from
sexually mature male and female animals. The following parameters were evaluated
in nonclinical studies: menstrual cycle (MC) length and criteria of abnormal cycles;
serum 17-beta estradiol (E2) and progesterone (P4) concentrations during normal
and abnormal cycles; sperm count, motility, and concentration; testicular volume
assessments; and microscopic evaluations of the sperm. Mean cycle length of all individual cycles was 30.8 days (range 17 to 63 days) and approximately 94% of the
MC were between 22 to 38 days. The peak E2 and P4 concentrations were observed on menstrual days (MD) 13 and 23, respectively, in normal MC. These
peaks were delayed in prolonged MC (MD34 and MD59, respectively). Interval
between E2 and P4 peaks, and interval between E2 peak and the next menses were
extended in prolonged cycles while change in interval between P4 peak and next
menses was minimal. The mean sperm count was 253.81x106/ejaculate (range of
53.38 – 631.37x106/ejaculate); the mean motility was 75% (range of 31 – 95%)
and the mean sperm concentration was 1151.2x106/mL (range of 94.5 –
4109.3x106/mL). The mean testicular volume was 28.41 mL (range of 19.00 –
40.52 mL). The following observations were noted during the morphological evaluations of the sperm: head – absent, detached, tapered, small; neck – refracted,
kinked; mid-piece – refracted, kinked, absent, thin; and tail – refracted, kinked, absent, shortened, coiled, detached, doubled. The historical background data are a
vital reference tool in chronic toxicology studies using Mfl because of the large
inter- and intra-animal variabilities normally encountered.

2266

PHASE I DOSE-ESCALATION STUDY OF ALN-VSP02, A
NOVEL LIPID NANOPARTICLE (LNP)-MEDIATED
DELIVERY OF AN RNAI THERAPEUTIC FOR SOLID
TUMORS WITH LIVER INVOLVEMENT.

S. Barros, J. E. Sutherland, C. Gamba-Vitalo, A. Vaishnaw, G. Warner and J.
Gollob. Alnylam Pharmaceuticals, Cambridge, MA.
LNPs are among the most efficient carriers for systemic delivery of siRNA and have
been successfully employed to silence therapeutically relevant genes in a number of
preclinical species. ALN-VSP02 is a LNP-formulated siRNA containing two synthetic siRNAs targeting kinesin spindle protein and vascular endothelial growth
factor. Alnylam has completed a multi-center, open label, phase I dose-escalation
trial of ALN-VSP02, administered as a 15-min IV infusion q2 weeks, in patients
with advanced solid tumors and at least one measurable liver lesion. Forty-one patients were enrolled across 7 dose levels (0.1-1.5 mg/kg); median age 57 yrs, all with

multiple prior therapies. A total of 209 doses were administered, mean of 4.5 (range
1-28). Treatment was generally well tolerated with no dose dependent changes in
liver function tests. The most common adverse events were grade 1-2 fatigue
(24%), nausea (17%) and fever (15%) with no clear dose-dependence. Grade 2 infusion-related reactions were noted in 15% of patients (3% of doses administered)
and all responded to slowing of infusion. Grade 1-2 chills/rigors were observed at
1.25 mg/kg and were associated with transient IL-6 induction (resolution by
24hrs). The dose-limiting toxicities were liver failure and death in a patient with extensive hepatic metastases and prior splenectomy/partial hepatectomy at 0.7 mg/kg
(possibly related), transient grade 3 thrombocytopenia at 1.25 mg/kg, and grade 3
hypokalemia in 1 patient at 1.5 mg/kg. Findings associated with complement activation and transient cytokine elevations were anticipated from preclinical studies.
Disease control (stable disease or better) was observed in 13 of 31 evaluable patients
(42%) treated at doses of 0.4 to 1.5 mg/kg. Collectively, the results demonstrate the
clinical safety of LNPs for systemic delivery of RNAi therapeutics and highlight
areas of investigation for “next generation” LNPs.

2267

NINE WEEK (2X/WEEK) ORAL TOXICITY STUDY OF
DECITABINE AND TETRAHYDROURIDINE IN CD-1
MICE.

K. Engelke1, E. Hanan1, J. Covey2, Y. Ling3, K. Chan3, Y. Saunthararajah4 and
P. Terse2. 1AVANZA Laboratories, LLC, Gaithersburg, MD, 2National Cancer
Institute, Bethesda, MD, 3The Ohio State University, Columbus, OH and 4Cleveland
Clinic, Cleveland, OH.
The purpose of this study was to determine the target organ toxicity and reversibility of decitabine (DAC) and tetrahydrouridine (THU; administered 1 hour prior to
DAC) in mice treated orally twice/week for up to 9-weeks (total of 18 doses) followed by a 28-day recovery period. Two hundred sixty-six animals/sex (110 main
groups + 156 TK groups) received either both THU and DAC vehicles, 167 mg/kg
THU followed by 0, 0.2, 0.4, or 1.0 mg/kg DAC or THU vehicle followed by 1.0
mg/kg DAC. Cmax values were attained within 1 hr at all dose levels. The plasma
DAC level increased with dose in groups treated with THU/DAC. Pretreatment
with THU increased DAC plasma levels. There was an overall trend for higher
plasma levels in females when compared to males. Due to severe toxicity, treatment
for the high dose + THU group of female mice was discontinued at 5 weeks.
Significant microscopic findings were bone marrow hypocellularity, thymic lymphoid depletion, intestinal epithelial apoptosis and testicular seminiferous tubule
degeneration. Bone marrow hypocellularity correlated with hematology findings.
Bone marrow micronucleus analysis also confirmed bone marrow cytotoxicity, suppression of erythropoeisis, and genotoxicity in all treatment groups. Following the
recovery period, only the testicular findings were observed (at reduced severity) indicating probable resolution of the bone marrow, lymphoid tissue, intestinal tissue
and female reproductive findings. Due to the adverse findings noted at all dose levels, a no-observed-adverse-effect level (NOAEL) could not be established. The target organs identified under the conditions of this study included the hematopoietic
tissue (bone marrow), lymphoid tissue (thymus and spleen), small intestines, testes,
epididymides, and uterus.
(Supported by NCI contract N01-CM-42204, N01-CM-52205, and NHLBI and
NIDDK under NIH-RAID Pilot Program).

2268

TOXICOLOGIC CHARACTERIZATION OF PF-05274857,
A POTENT AND SELECTIVE SMOOTHENED
INHIBITOR FOR THE TREATMENT OF ADVANCED
CANCER.

G. J. Stevens1, B. Hirakawa1, B. A. Blankenship2, S. Sorden2, K. D. Williams2
and A. H. Yang1. 1Pfizer Inc., San Diego, CA and 2Covance Laboratories Inc.,
Madison, WI.
PF-05274857 is a potent and selective inhibitor of Smoothened (SMO), a GPCRlike protein involved in the Hedgehog (Hh) signaling pathway, which is aberrantly
activated in certain tumors. PF-05274857 inhibits Hh signaling in vitro and
demonstrates robust anti-tumor activity in vivo with low nanomolar IC50 values,
measured by the expression levels of a biomarker gene Gli1. PF-05274857 is selective against a panel of kinases, receptors, enzymes and ion channels, exhibiting only
a weak antagonist activity against the μ-opioid receptor. PF-05274857 was well tolerated in rats and dogs in repeat-dose oral studies up to 1 month in duration.
Epiphyseal growth plate changes were observed in rats, at predicted safety margins
>24-fold, and were not reversible during the 1-month recovery period. This finding
is consistent with the known role of SMO in chondrocyte proliferation in developing animals, and is of negligible risk to adult animals with a closed growth plate.
Other compound-related effects included lower body weights, partially attributable
to a modest decrease in food consumption. The high dose level in the rat study,
with a predicted safety margin of 424-fold, was considered to be less than STD10.
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In the dog study, there were no test article-related findings, except for a reversible,
dose-dependent increase in resting pupil diameter, without corresponding changes
in ocular histopathology, electroretinogram, or intraocular pressure. The mydriatic
effect could be related to the activity against the μ-opioid receptor, and was not
deemed adverse in nature. The high dose level at a predicted safety margin of 180fold was considered to be less than the HNSTD in dogs. Statistically significant target modulation by PF-05274857 was observed in both rat and dog studies, determined for animals of the high dose group relative to the vehicle control group.
Taken together, these data demonstrate the safety and efficacy of a selective SMO
inhibitor well-suited for the treatment of Hh-dependent tumors.

2269

NKTR-102, A NOVEL TOPOISOMERASE I INHIBITORPOLYMER CONJUGATE, IN COMBINATION WITH
PEGYLATED LIPOSOMAL DOXORUBICIN (PLD) DOES
NOT EXACERBATE THE HEMATOLOGIC TOXICITIES
OF PLD ALONE.

C. Ji1, W. Lee2 and T. D. Sweeney1. 1Toxicology, Nektar Therapeutics, San
Francisco, CA and 2ITR Laboratories Canada Inc (ITR), Baie d’Urfe, QC, Canada.
NKTR-102, a novel topoisomerase I inhibitor-polymer conjugate, has demonstrated a favorable tolerability profile in nonclinical studies with improved safety
over irinotecan, a first generation topoisomerase I inhibitor. Toxicology studies
were conducted in rats to further evaluate NKTR-102 safety and to support the
combination of NKTR-102 in combination with PLD in humans. A single dose of
NKTR-102 was administered as an IV infusion to rats at doses up to 540 mg/m2
(90 mg/kg) irinotecan equivalents followed by a single infusion dose of PLD at 30
mg/m2 (5 mg/kg). Clinical observations, clinical chemistry, hematology, and
histopathology were performed and toxicokinetic samples were collected for
NKTR-102, irinotecan, SN38, PEG-SN38, and doxorubicin levels. As anticipated,
PLD treated rats had depressed body weight gain by 7 days post-dose administration and decreased white blood cell counts due to a decrease in lymphocytes compared to the concurrent vehicle control. These effects completely recovered by 21
days post dose. PLD-related splenic hypocellularity was observed 21 days after dosing. Of note, NKTR-102 at up to 540 mg/m2 did not exacerbate the hematologic
or body weight changes caused by PLD. NKTR-102 in combination with PLD (30
mg/m2) increased the incidence and severity of splenic hypocellularity observed
with 30 mg/m2 PLD alone only at the highest dose of NKTR-102 at 540 mg/m2.
Exposure levels of PLD and NKTR-102 and NKTR-102 metabolites were similar
to that observed in previous studies. In conclusion, NKTR-102 does not exacerbate
the hematologic effects (up to 540 mg/m2) or splenic hypocellularity (up to 180
mg/m2) caused by a single 30 mg/m2 dose of PLD at SN38 levels that are more
than 70- fold (based AUC at 180 mg/m2) of that observed at NKTR-102 dose of
145 mg/kg in humans.

2270

TOXICOLOGICAL ASSESSMENT OF A SPLEEN
TYROSINE KINASE INHIBITOR, CC-118, IN
CYNOMOLGUS MONKEYS.

D. L. Misner, K. Ghoreishi, R. Eydelloth, Y. Tang and M. A. Breider. Celgene
Corp., San Diego, CA.
Inhibition of the spleen tyrosine kinase (Syk) enzyme has been advocated as therapy
for autoimmune disease, due to the important role of Syk in signaling downstream
from immunoglobulin receptors on cells integral to the inflammatory process. CC118 is a small molecule selective kinase inhibitor with high potency against the Syk
target (enzyme IC50 of 7 nM) and slightly less potency for the Janus kinase-2
(Jak2; enzyme IC50 of 30 nM) and colony stimulating factor-1 receptor (CSF1-R;
enzyme IC50 of 28 nM) targets. The objective of this study was to determine the
effects of CC-118 in cynomolgus monkeys (1/sex/group) when dosed once daily
via oral gavage for 7 days. In male and female monkeys dosed with 0, 100, 500, and
1000 mg/kg/day, doses of 500 and 1000 mg/kg/day were not tolerated with deaths
and/or early sacrifice required by Days 3 – 7, however doses of 0 and 100
mg/kg/day were well-tolerated. Accumulation of CC-118 was observed at 100
mg/kg/day, resulting in both higher Cmax and AUC levels upon repeated dosing;
exposures were generally similar between males and females. In both sexes, discolored skin (red) and hunched posture were noted at ≥100 mg/kg/day.
Hematological changes included decreased red blood cell count, hemoglobin,
hematocrit, lymphocytes, and eosinophils and increased neutrophils and platelets at
≥100 mg/kg/day. Increased serum alanine and aspartate transaminases and decreased alkaline phosphatase, calcium, and phosphorous were observed at ≥100
mg/kg/day. No alterations in coagulation tests were observed. At necropsy, red discoloration was observed on multiple organs in all dose groups. Microscopic changes
consisted of multi-organ acute hemorrhage, gastric erosion/ulceration, and lymphoid depletion (thymus and spleen) at ≥100 mg/kg/day and myelosuppression
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(bone marrow hypocellularity) at ≥500 mg/kg/day. These changes were generally
attributed to inhibition of targeted kinases including Syk (lymphoid depletion),
Jak2 (lymphoid depletion and myelosuppression), and CSF1-R (elevated liver enzymes).

2271

PRECLINICAL DEVELOPMENT OF BIOMIMETIC
ACTINIDE DECORPORATION AGENTS.

P. Y. Chang1, D. Bunin1 and R. Abergel2. 1Biosciences, SRI International, Menlo
Park, CA and 2Chemical Sciences, Lawrence Berkeley National Laboratory, Berkeley,
CA. Sponsor: K. Steinmetz.
In the event of incidents associated with a radiological dispersal device or after a
natural disaster affecting nuclear power plants or nuclear material storage sites,
therapy to a large population at risk may require the administration of chelating
agents that are effective in decorporating a variety of radionuclides. Independent of
the route of contamination, radionuclides, including actinides such as plutonium,
americium, curium, uranium and neptunium are likely to be absorbed and transported to target organs, such as bone, liver or kidney, in which they are stored or
slowly excreted through the urine or feces. These alpha particle emitters pose significant health hazards, especially in the target tissues, due to their ionizing radiation
properties. A family of sequestering agents has been discovered by a team of scientists at the Glenn T. Seaborg Center in the Chemical Sciences Division of the
Lawrence Berkeley National Laboratory, using a biomimetic design based on biochemical transport properties of plutonium and iron. Among the family members,
two lead hydroxypyridinone-based (HOPO) candidates, 5-LIO(Me-3,2-HOPO)
(a tetradentate ligand) and 3,4,3-LI(1,2-HOPO) (an octadentate ligand) have
emerged showing superior efficacy in chelating actinides with excellent preclinical
safety profiles. These chelators possess targeted selective properties for a number of
actinide metal ions with specific higher affinity for plutonium compared to the current therapeutic alternative available in the marketplace. A large number of decorporation efficacy studies were conducted in mice and dogs showing superior nuclide-specific decorporation when compared to the currently approved DTPA.
Results from the preclinical safety studies, including Ames and CHO genetox in
vitro studies, as well as in vivo maximally tolerated dose (MTD), pharmacokinetics
(PK), and 28-day safety toxicology studies will be presented at the meeting.
This work is supported by NIH/NIAID Grant # 1RC2AI087604-01.

2272

THE DESIGN OF CHRONIC TOXICOLOGY STUDIES
OF MONOCLONAL ANTIBODIES: IMPLICATIONS FOR
THE REDUCTION IN USE OF NONHUMAN
PRIMATES.

K. Chapman. NC3Rs, London, United Kingdom. Sponsor: L. Andrews.
The changing environment of monoclonal antibody (mAb) development is impacting on the cost of drug development and the use of experimental animals, particularly nonhuman primates (NHPs). The drive to reduce these costs is huge and involves rethinking and improving nonclinical studies to make them more efficient
and more predictive of man. As our knowledge base on mAbs expands, the information can be used to improve drug development and maximise the output of experimental data. Cross-company data-sharing of nonclinical study decisions and
designs in a noncompetitive way can establish an evidence base to influence regulatory change. Data on GLP regulatory toxicology studies for 58 mAbs were shared
from ten companies covering a wide range of therapeutic areas. These data have
been used to investigate current practice and identify study designs that minimise
NHP use. Our analysis shows that there is variation in the number of animals used
for similar studies. This information has been used to develop practical guidance
and make recommendations on the use of science-based rationale to design studies
using fewer animals taking into account the current regulatory guidance. There are
eight recommendations intended to highlight areas for consideration. They include
guidance on the main group size, the inclusion of recovery groups and the number
of dose groups used in short and long term chronic toxicology studies.

2273

NONCLINICAL SAFETY EVALUATION OF MEDI-573, A
DUAL-TARGETING ANTI-INSULIN-LIKE GROWTH
FACTOR (IGF)-I AND IGF-II MONOCLONAL
ANTIBODY IN CYNOMOLGUS MONKEYS.

L. A. Iciek, J. Leininger, B. Lam, L. Roskos, K. McKeever and R. Dixit.
Translational Sciences, MedImmune LLC, Gaithersburg, MD.
MEDI-573, a human immunoglobulin G2 lambda (IgG2λ) monoclonal antibody
(MAb), is a dual-targeting human antibody that neutralizes the insulin-like growth
factor (IGF)-I and IGF-II ligands, thus inhibiting insulin-like growth factor recep-

tor (IGF-1R) as well as insulin receptor A isoform (IR-A) signaling pathways, but
not insulin receptor B (IR-B) signaling, in cancer cell lines expressing these receptors. MEDI-573 is the only MAb currently in clinical development that targets IGF
ligands instead of the IGF receptor. The results of in vitro pharmacology studies
have shown that MEDI-573 inhibits both IGF I and IGF-II-stimulated phosphorylation of IGF 1R and that of downstream signaling proteins, including protein
kinase B (Akt) and mitogen-activated protein kinase (MAPK), in a number of engineered NIH-3T3 cell lines transfected to express human IGF-1R and either
human IGF-I or -II. MEDI-573 has a 10-fold reduced affinity for murine IGF-I
and adult mice do not produce IGF-II, thus limiting the assessment of in vivo antitumor activity in mouse tumor models. In support of clinical development, the potential toxicity, toxicokinetics, and pharmacodynamics (decrease in serum free IGFI and IGF-II levels) of MEDI-573 were evaluated in single- and multiple-dose
toxicity studies in cynomolgus monkeys which were the relevant toxicology species.
Following 30-minute intravenous (IV) infusion administration of up to 60
mg/kg/week of MEDI-573 for 13 weeks in cynomolgus monkeys, there were no
adverse effects, changes in growth hormone concentrations, or increases in serum
insulin level attributed to MEDI-573 administration. A dose-dependent decrease
in serum free IGF-I and IGF-II levels was observed, demonstrating that MEDI 573
was pharmacologically active at or above the serum concentration needed to fully
suppress the free IGF-I and IGF-II ligands.
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IN VITRO SPECIES COMPARISON FOR EARLY
MARKERS OF TUMORIGENESIS TO DERISK AN
ATYPICAL NONGENOTOXIC CARCINOGEN.

F. Boess, J. Funk, B. Lenz, T. Singer, T. Weiser, S. Platz and A. B. Roth.
Nonclinical Safety, Hoffmann-La Roche, Basel, Switzerland.
Nongenotoxic carcinogens (NGTCs) pose a significant problem due to their ability
to induce neoplastic changes, mainly in rodents. While it could be shown that in
many if not in most cases the tumors seen are not relevant for the situation in humans, this needs to be mechanistically explained. For those drug candidates which
induce tumors in rodent liver, a common mechanism is activation of nuclear receptors (NRs) such as PPAR or CAR which leads to cytochrome p450 induction, hypertrophy and occasionally hyperplasia. By contrast, in human liver only p450 induction is seen with these compounds, while hyperplastic changes leading to tumor
formation are not observed. Thus, NGTCs which fall into the category of NR-mediated enzyme inducers are typically believed to be of no risk for humans. In the
present case, a molecule induced formation of foci of altered hepatocytes (FAH) in
rat liver after 12 weeks of exposure and tumors after 52 weeks. No liver changes
were observed in other animal species, including dogs. While the molecule was not
genotoxic, the typical characteristics of NGTCs described above such as p450 induction and hypetrophy were not observed. To support nonhuman relevance we
therefore developed a test battery of early signals seen in rat in vivo and measured
these in vitro in primary hepatocytes and 3d-multi-celltype liver cultures. Amongst
the signals observed in rats after single dosing were accumulation of glycogen, an
increase in proliferation and induction of cell cycle genes. We measured these markers in vitro in rat cells to recapitulate the in vivo finding and to confirm relevance of
the chosen model. Our data show that while all early in vivo markers could be detected in rat cells as well, they could not be observed in mouse, dog or human cells.
We therefore provide supporting evidence that the molecule under investigation
does not bear the risk for tumors in humans and propose measurement of such
early markers across species in vitro as a valuable tool to evaluate human relevance
of neoplastic changes seen in preclinical species.

2275

A CROSS-COMPANY INITIATIVE ASSESSING
RELATIONSHIPS BETWEEN CARDIOVASCULAR
FUNCTIONAL MEASUREMENTS AND REPEAT-DOSE
CARDIOVASCULAR TOXICITY.

P. Milliken1, P. Clements1, N. McMahon1, M. Aylott1, L. Ewart2, J. Valentin2,
A. Hargreaves2, P. Jarvis2, D. Leishman3, K. Heinz Taheny3, D. Watson3, S.
Engle3, N. Edmunds4, R. Wallis4 and M. Guffroy4. 1GlaxSmithKline, Ware,
Hertfordshire, United Kingdom, 2AstraZeneca, Macclesfield, Cheshire, United
Kingdom, 3Eli Lilly and Co., Indianapolis, IN and 4Pfizer, Groton, CT.
In pharmaceutical development functional and structural cardiovascular (CV) liabilities are a leading cause of attrition (1). Prior to first time in human studies, functional CV data is generated in single dose Safety Pharmacology (SP) telemetry studies, and structural pathology data obtained from repeat-dose toxicology studies.
Relationships between these data sets remain largely undetermined, and there is increasing interest within industry to address this gap and identify correlations.
Consequently, a cross-pharma collaboration has collated data from >200 compounds to assess the relationship between findings in single dose CV studies and
the occurrence of cardiac lesions in repeat-dose toxicology studies. Retrospective

functional and exposure data were collected from GLP conscious dog SP studies for
small molecule new chemical entities from 2001 (post ICH S7A guidelines).
Functional effects were defined as haemodynamic blood pressure or heart rate
changes, with cardiac contractility and ECG data obtained for a second tier analysis. Associated toxicology studies in the mouse, rat, and dog (up to 28 days repeatdosing) were reviewed by internal pathologists for CV pathologies. Pathology harmonisation was agreed to define morphologic changes, locators, and severity
categorisations. Pathologies were identified in areas including the myocardium,
AV/aortic valves, and atrium, with morphologic changes that included degeneration, vacuolation, and inflammation. This initiative and preliminary analysis has
shown that very few compounds will cause cardiac lesions in toxicology studies in
the absence of functional changes in the single dose SP study. These results suggest
that the negative predictive value of functional changes for subsequent cardiac lesions is very high. Laverty et al.,Br J Pharmacol. 2011: 163(4):675-693

2276

HISTOPATHOLOGICAL MARKERS OF OCULAR
PHOTOTOXICITY.

D. B. Learn2 and J. M. Baker1. 1Pathology Associates, Charles River, Frederick, MD
and 2Center for Photobiology, Charles River Laboratories Preclinical Services,
Horsham, PA.
The eye, by its very function, can be a target of xenobiotic-associated phototoxicity
caused by ultraviolet radiation (UVR)and in some instances visible light (VL).
While cutaneous phototoxicity is easily identified by erythema, edema and flaking
of exposed skin, preclinical ocular phototoxicity can be less obvious and
histopathological evaluation of the eye is necessary to accurately access this damage.
Absorption of light by the various ocular structures also alters the incident spectrum
on successive structures, as UVR is absorbed during its passage through the eye,
with the outer structures providing protection for the deeper structures, and affects
possible damage in deeper structures. Using the Long-Evans rat model and the phototoxin 8-methoxypsoralen, characteristic lesions were identified in eye tissues that
are predictive and diagnostic of ocular phototoxicity. In the cornea, degenerative
epithelial changes and changes consistent with inflammatory responses are common, and may be associated with extension of inflammation into the anterior
chamber and iris. Damage to the lenticular epithelium and lens fibers frequently results in evidence of early cataract formation. Also, damage due to UVR exposure
alone (photic) or procedural changes must be recognized and figured into evaluation of changes in the eye that may be related to test material-induced phototoxicity. Foci of retinal degeneration are not uncommonly found in the target area of the
UVR in both vehicle control and treated rats – these are considered to be indicative
of photic, rather than phototoxic, injury. Little, if any, damage is seen using standard fixation and processing in the ciliary body, vitreous chamber, choroid, sclera
and optic nerve. The totality of the histopathological changes in the eye, along with
ophthalmological and the cutaneous observations, are critical in evaluation of the
phototoxic potential of a test material and assessing its overall phototoxic risk.

2277

MULTIVARIATE PRECLINICAL OBSERVATION
PROFILES—TWO FINDINGS ARE BETTER THAN ONE.

D. Muthas1, J. Parkinson2, M. Clark3, J. Valentin2, L. Ewart2 and S. Boyer1.
1Computational Toxicology, AstraZeneca R&D, Mölndal, Sweden, 2Safety
Pharmacology, AstraZeneca R&D, Alderly Park, United Kingdom and 3Discovery
Information, AstraZeneca R&D, Wilmington, DE.
All compounds reaching clinical trials and finally the market have a rigorous
amount of supporting preclinical data. Still, safety related late stage attrition continuous to be a major hurdle in drug development. Here we present how observational profiles derived from public and internal sources can be used to derive translational models for different endpoints, exemplified with nausea and dizziness.
Nausea is a subjective human sensation, and little is known about any preclinical
biomarkers. Preclinical findings such as vomiting and salivary hypersecretion have
been suggested as markers for nausea. While often accurately predicting the true
nausea compounds, there is a high portion of non-nausea compounds also associated with these observations. To investigate if a set of preclinical observations could
better predict the presence or absence of nausea, a set of 86 marketed drugs were
collected together with their publically available preclinical gastrointestinal (GI)
observations. The observations were transformed into a preclinical profile and the
drugs were then clustered based on these profiles. A clear separation of nausea and
non-nausea compounds was then achieved, and it was seen that the risk of nausea
was greatly increased if vomiting was observed together with salivary hypersecretion. To validate the findings a set of 20 AstraZeneca compounds reaching clinical
trials was created and the associated preclinical GI observations collected. The set
was blinded before prediction and a prediction accuracy of 90% was achieved for
both nausea and non-nausea compounds, a prediction made without any need for
additional animal testing. We also present the results from a similar approach applied to the prediction of dizziness. The results from these studies highlight some of
the benefits of looking at combinations of preclinical observations.
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CONCORDANCE BETWEEN NONCLINICAL AND
CLINICAL TOXICITY DATA DETERMINED BY A
SURVEY OF APPROVED PHARMACEUTICALS IN
JAPAN.

K. Nakamura, S. Hisada, T. Ohkura, Y. Yoneta, K. Hattori, Y. Ogino, C.
Tamaki, Y. Takashima, D. Yasugi, M. Hashiba, M. Matsumura and T.
Nagayama. Nonclinical Evaluation Subcommittee, Drug Evaluation Committee,
Japan Pharmaceutical Manufactures Association, Tokyo, Japan.
Great attention has been paid on the concordance between nonclinical and clinical
toxicity data among toxicologists. There have been, however, only few publications,
and the latest one is reported by Olson et al. (2000) using data from pharmaceutical candidates mainly with development being terminated. Toxicity data of pharmaceuticals which were approved as new ingredient during the period from 1996 to
2010 in Japan have been collected in this study. Adverse events with the incidence
of > 5% in humans were selected from package inserts and their corresponding toxicity findings in animals were explored in CTDs (Common Technical Documents)
and review reports for marketing approval application. The results demonstrated
that the concordance rate was approximately 36% in the approved pharmaceuticals.
Interesting findings from the investigation include 1) Concordance of common
toxicity parameters between humans and animals is high, 2) Characteristic trends
are obtained by therapeutic drug classes and organs/tissues where adverse reactions
occurred, and 3) Concordance of bio-pharmaceuticals is lower compared with that
of small chemical pharmaceuticals. These evaluation results of concordance between clinical adverse events and toxicity findings in animals are considered useful
to confirm the appropriateness of the nonclinical studies for pharmaceuticals as
well as to know the extrapolation of nonclinical study data to clinical adverse
events. More detailed investigation is needed to clarify the relatively low concordance of bio-pharmaceuticals found in our research. Reference: Olson, H., Betton,
G., Robinson, D., Thomas, K., Monro, A., Kolaja, G., Lilly, P., Sanders, J., Sipes,
G., Bracken, W., et al. (2000). Concordance of the toxicity of pharmaceuticals in
humans and in animals. Regul. Toxicol. Pharmacol. 32, 56-67.

2279

IMAGING AND ASSESSMENT OF CORNEAL VESSELS
IN A RAT SUTURE MODEL FOR
NEOVASCULARIZATION USING A CONFOCAL
SCANNING LASER OPHTHALMOSCOPE (CSLO).

K. Tenneson and M. Vézina. Toxicology, Charles River Preclinical Services,
Senneville, QC, Canada.
In response to ocular insult, corneal transplant, or disease, blood vessels can grow
into the normally avascular cornea reducing visual acuity or even resulting in complete blindness. Several animal models of corneal neovascularization (NV) have
been developed, including placement of silk sutures within the corneal stroma to
generate an inflammatory response to a foreign protein. These models have been
used to evaluate the efficacy of compounds with potential anti-angiogenic or antiinflammatory properties. Traditionally, corneas are evaluated over a serial timecourse using immunohistochemical (IHC) assays that look for blood vessel and/or
lymphatic vessel development . In order to reduce the number of animals necessary
to evaluate the time-course of vessel growth/regression, a CSLO was used to image
the progression of corneal vessel growth in the same animals over 14 days. Three
silk sutures were placed in the cornea of one eye at 120o intervals in 8 SpragueDawley rats to stimulate NV. Digital images of the treated and untreated corneas
were captured using a CSLO, prior to and following intravenous injection of
sodium fluorescein, 7 and 14 days after suture placement. Images were loaded into
image processing software and the penetration of blood vessel growth quantified.
Both the non-fluorescein and fluorescein methods resulted in high resolution images with clear delineation of vessel growth. The fluorescein images provided better
contrast and therefore easier measurement. After 7 days, corneal vessels penetrated
approximately 20-40% from the limbus to the sutures (1 - 2mm) and by Day 14,
most had reached the sutures (4 5mm/100% of the distance). Occasionally a suture
dislodged in the early phase of the study resulting in no vessel growth within the
cornea. In conclusion, the CSLO generated clear quantifiable images of blood vessel growth and allowed follow-up in the same animal over time, reducing the number of animals required for the traditional time-course study.

2280

USE OF SPECTRAL-DOMAIN OPTICAL COHERENCE
TOMOGRAPHY (SD-OCT) TO MONITOR SUBRETINAL
ADMINISTRATION IN ANIMAL MODELS.

S. Wise, T. Bryant, S. Duval, N. Guay, T. Hallé and M. Vézina. Toxicology,
Charles River Preclinical Services, Senneville, QC, Canada.
Spectral-Domain Optical Coherence Tomography (SD-OCT) systems allow high
speed and high resolution cross-sectional imaging of the retina and were developed
as non-invasive diagnostic devices for imaging the human retina and to aid in as-
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sessment and management of posterior segment diseases (e.g. AMD, diabetic
retinopathy, glaucoma). However, this instrument can also be used to monitor animal retinas in-vivo both prior to and following subretinal administration on preclinical toxicology studies. The objective of this study was to monitor the transient
physical separation of photoreceptors from the underlying RPE and choroid following subretinal administration.
Left or right eyes of 15 male Göttingen minipigs received a single dose of 50 or 100
μL of a saline solution (PBS or BSS+) via transvitreal or transcleral subretinal administration. SD-OCT was performed immediately following dosing on Day 1,
then on Days 7 and 14/15, as well as 1, 2 and 3 months following the dosing procedure. Retinal detachment at the dosing site (bleb) that was observed during injection was present in many, but not all eyes immediately following administration on
Day 1. These blebs had resolved in a majority of eyes by Day 7 and were no longer
present in all eyes by the end of the 3-month observation period. Retinal
folds/rosettes created during reattachment of the retina were observed in a few eyes.
Additional observations included intraretinal multifocal punctate densities, subretinal material and focal tortuosity of the retinal vasculature. These findings were generally noted early in the study (on Days 1 or 7) and remained stable until the end of
the study. No retinal thinning was observed.
These results demonstrate that SD-OCT is a useful in-vivo tool for visually confirming subretinal administration in animal models, as well as monitoring changes
in retinal structure over time.

2281

SAFETY PHARMACOLOGY IN THE GöTTINGEN MINIPIG: CARDIOVASCULAR, RESPIRATORY, AND
NEUROLOGICAL INVESTIGATIONS.

R. Mikaelian1, S. Authier1, 2, S. Fournier1, M. Pouliot1, A. Ascah1, E. Troncy1, 2
and R. Forster1. 1CiToxLAB, Laval, QC, Canada and 2Faculty of Veterinary
Medicine, University of Montreal, St-Hyacinthe, QC, Canada.
The Göttingen minipig has become a routinely used species in regulatory toxicology. Many similarities between humans and minipigs justify the use of this species
for non-clinical safety assessments. In the context of safety pharmacology core battery, cardiovascular (telemetry), respiratory (spirometry) and neurological (functional observation battery) investigations were conducted in Göttingen minipigs
with various positive control drugs. Cardiovascular modulators (dopamine,
remifentanil, esmolol, medetomidine and sotalol) were administered to freely moving animals. Intravenous methacholine was used as a respiratory modulator.
Amphetamine and xylazine were used as positive control drugs for neurological
evaluations. A vehicle/control administration of saline was used with all 3 models to
establish baseline. Dopamine was associated with a dose-dependent chronotropic
and inotropic response. Remifentanil induced a dose-dependent QT shortening
with positive chronotropic effects. A biphasic hypertensive followed by hypotensive
response was observed with medetomidine while sotalol was associated with QT
prolongation. Methacholine induced a dose-dependent increase in respiratory rate,
tidal volume and minute volume (high dose +260%). FOB identified amphetamine-induced stimulatory effects and xylazine induced central depression. In conclusion, our results suggest that the Göttingen minipig is a suitable species to fulfill
all aspect of the safety pharmacology core battery.

2282

DEVELOPMENT OF A GROUP-HOUSED,
AMBULATORY, SURGICALLY CANNULATED,
INTRAVENOUS INFUSION MODEL IN CYNOMOLGUS
MACAQUES (MACACA FASCICULARIS).

M. D. Saunders and R. Lawrence. Safety Assessment, Huntingdon Life Sciences,
Huntingdon, Cambridgeshire, United Kingdom. Sponsor: D. Mitchell.
The primate is often the appropriate animal model for safety testing of biopharmaceutical products and therapies, which are commonly administered by intermittent
or continuous intravenous infusion. The aim of this study was the development of
a regulatory acceptable ambulatory, surgically cannulated, intravenous infusion
model in healthy naïve cynomolgus monkeys. The ambulatory model was chosen as
this reduces restraint allowing group housing of animals, thereby significantly improving the wellbeing of the animals and reducing the effects of stress that could influence the interpretation of test article changes. The study was designed to reflect a
regulatory compliant toxicology study of 28 days or longer and included the assessment of clinical signs, bodyweight, clinical pathology, organ weights and
histopathology. Four cynomolgus macaques were trained to wear jackets and surgically prepared with a vascular access port (VAP) cannulated into the vena cava via
the femoral vein. The animals were infused with 0.9% NaCl (up to 18 ml/animal/day) using either a continuous or intermittent administration regime. The
minor port patency issues observed during the study were overcome by simple
strategies. The data collected showed no adverse effects on clinical signs, bodyweight pattern, clinical pathology or organ weights. Histopathology consisted of
minor inflammation, fibrosis, thrombosis and thickening associated with the tissue
surrounding the VAP and cannula tip. All findings were consistent with the histor-

ical control data available from surgically prepared ambulatory intravenous infusion
minipig and dog regulatory models which are currently in use. In conclusion, the
model was considered to have been successfully validated as the primates were easily trained to wear jackets, patency was maintained and the data produced were
consistent with similar minipig and dog models.

2283

AROUSAL AND SPECTRAL ANALYSIS: EEG IN
CONSCIOUS CYNOMOLGUS MONKEYS.

S. Fournier1, S. Maghezzi1, E. Schaeffer2, M. Weed2, S. Digavalli2, E. Troncy3,
R. Forster1 and S. Authier1, 3. 1CiToxLAB, Laval, QC, Canada, 2Bristol-Myers
Squibb, Wallingford, CT and 3Faculty of Veterinary Medicine, University of Montreal,
Laval, QC, Canada.
Electroencephalography is a useful neurological biomarker with recognized translational applications. Video-EEG interpretation often includes sleep scoring and
power spectral analysis. Sleep scoring and spectral parameters were used to quantify
caffeine (10 mg/kg, IM, cross-over design) induced pharmacological effects in conscious cynomolgus monkeys (n=10) with continuous video-EEG monitoring using
telemetry. Circadian changes in EEG spectral band power (delta 0.5-4 Hz, theta 48 Hz, alpha 8-12 Hz, sigma 12-16 Hz and beta 16-24 Hz) were correlated with the
sleep cycle in all animals. When compared with saline, caffeine significantly increased total and relative power of beta frequencies (16-24 Hz) which correlated
with a decrease in sleep time. The effects of caffeine on absolute and relative power
at frequencies ranging from 1 to 127 Hz (1 Hz increments) were evaluated to identify the most sensitive range to caffeine induced effects. A decreased power in lower
frequencies (1 to 13 Hz) was noted with progressively shorter effects for higher frequencies in this range and peak effect (relative and absolute) at 2 Hz. An increase of
all frequencies above 15 Hz was also observed as expected for a CNS stimulant drug
with a peak at 107 Hz observed 70 min after dosing. When non human primates
are justified, video-EEG monitoring appears to be a useful non-rodent model to
confirm pharmacological effects on sleep and arousal.

2284

NOVEL TELEMETRIC APPROACHES TO MONITORING
BLOOD PRESSURE IN A RODENT MODEL OF
CHRONIC OBSTRUCTIVE PULMONARY DISEASE.

M. Lin, L. Griffiths and K. E. Pinkerton. University of California Davis, School of
Veterinary Medicine, Davis, CA.
Cardiovascular changes and disease are commonly associated with chronic obstructive pulmonary disease (COPD). A primary cause of both cardiovascular disease
and COPD is smoking cigarettes. Cardiovascular symptoms may appear in the
form of atherosclerosis, myocardial infarcts and/or systemic hypertension. We have
found that chronic exposure of the spontaneously hypertensive rat to tobacco
smoke results in COPD-like lung inflammation, airway obstruction, mucus hypersecretion and emphysematous changes, but very little is known regarding the cardiovascular impacts. This study compares changes in systemic blood pressure and
heart rate in the spontaneously hypertensive (SH) and the normotensive Wistar
Kyoto (WKY) rat during exposure to tobacco smoke for up to 12 weeks. This comparison was done to determine if a hypertensive state would be aggravated by exposure to tobacco smoke. Rats were surgically implanted with a telemetry device and
sensor into their abdominal aorta to continuously measure systemic blood pressure
and heart rate. As expected, baseline systemic measures of blood pressure were significantly different in SH and WKY rats. However, repeated exposure to tobacco
smoke by SH rats resulted in an initial elevation in systolic pressure that was attenuated with continued exposure, while WKY rats had significant elevation in systolic
pressure during all smoke exposure days. Diastolic pressure was significantly and
consistently elevated in SH rats with repeated exposure to tobacco smoke. Both SH
and WKY rats had significantly reduced mean pulse pressure and significantly increased heart rate due to tobacco smoke exposure, suggestive of early signs of compromised heart function. These findings demonstrate telemetric approaches can be
implemented to detect and document novel and progressive cardiovascular impacts
of tobacco smoke under experimental settings.

2285

COMPARATIVE ANALYSIS OF GENE EXPRESSION
PROFILES FOR HEPATIC CYTOCHROMES P450 IN
CYNOMOLGUS MONKEYS BRED IN CAMBODIA,
CHINA, AND INDONESIA.

R. Ise, Y. Nakanishi, H. Yamashita, T. Yoshikawa, S. Kohara, K. Fukuzaki, M.
Utoh, C. Nakamura, Y. Uno and R. Nagata. Drug Safety Research Labo, Shin
Nippon Biomedical Laboratories, Ltd., Kagoshima-shi, Japan.
Cynomolgus monkeys (Macaca fascicularis) are widely used in preclinical research
including drug-metabolism, toxicology, and pharmacology studies. Cynomolgus
monkeys are bred in countries such as Cambodia (MacfaCAM), China

(MacfaCHN), and Indonesia (MacfaIDN). However, expression profiles of hepatic
genes have not been fully investigated in these monkeys. To compare hepatic gene
expression profiles for MacfaCAM, MacfaCHN, and MacfaIDN, total gene expression profiles in liver samples (pooled from 5 animals) were analyzed by DNA microarray. Furthermore, gene expression levels of cytochrome P450 (CYP) 1-3 families, important for drug-metabolism, were confirmed by quantitative polymerase
chain reaction using individual liver samples; MacfaCAM (n=20), MacfaCHN
(n=17), and MacfaIDN (n=8). Hierarchical clustering analysis of total hepatic gene
expression profiles showed that the expression profile of MacfaCAM was more
closely related to that of MacfaCHN than to that of MacfaIDN. Mean expression
levels of 14 CYP genes did not differ significantly (> 2.5 fold) between MacfaCAM,
MacfaCHN, and MacfaIDN. In addition, substantial sex differences (> 2.0 fold) of
CYP gene expressions were not observed in MacfaCAM. These results partly reflect
the similarity in genetic background between MacfaCAM and MacfaCHN, as has
been shown by mitochondrial DNA analysis. This could be accounted for by the
notion that the colonies of cynomolgus monkeys bred in China were originally
founded using monkeys from Indochina, including Cambodia. Importantly, further analysis of metabolic activities measured using eight CYP substrates did not
show substantial differences between MacfaCAM and MacfaCHN, partly reflecting similarities between MacfaCAM and MacfaCHN CYP genes. In conclusion,
these data suggest that the expression profiles of hepatic genes, including CYP
genes, in MacfaCAM and MacfaCHN are closely related.

2286

HEMATOLOGY AND BLOOD BIOCHEMISTRY
CHANGES RELATED TO AGE IN GöTTINGEN
MINIPIGS.

A. Makin, S. Klastrup and J. Jensen. CiToxLAB, Lille Skensved, Denmark.
Minipigs are increasingly used as nonrodent models in nonclinical research. They
are used in a broad range of studies and at a wide variety of ages and stages of development. In our laboratories, we use Göttingen minipigs of ages varying from
neonatal up to around two years depending on the type of study. Early development of young Göttingen minipigs is rapid. From birth, their eyes are open and
they are able to move around freely. By 4 weeks of age they are weaned and from
around 4 to 6 months of age they reach sexual maturity. Despite this rapid growth
and early maturity, they continue to grow during the first 2 years or so of their lives
and an animal at the end of a chronic toxicity study will be significantly bigger and
more developed than at the start. This prolonged growth period is also reflected by
other changes in the animals other than just increase in size. All data generated during toxicology studies need to be interpreted, and findings need to be put into context using both concurrent control and historical data. We were interested to see
how the routine parameters that we measure in toxicology studies change over time.
We present a significant amount of control data from minipigs covering a range of
ages from soon after birth up to nearly 18 months. These data have been reviewed
to highlight changes that could be expected to be seen over time. In any study the
control group provides a good comparison with the treated animals, but from time
to time there will be results that need a deeper explanation, therefore background
data is of value. Our study of the data indicates that for certain parameters, e.g.
those relating to red blood cells, there are significant changes over short times, especially in the younger animals. However it is also the case that the values for other
parameters (e.g. protein and creatinine) continue to change with age even in mature
animals. These results demonstrate that a good database of age-matched results is a
major requirement to support interpretation of findings when performing nonclinical toxicology studies in the Göttingen minipig.

2287

THE ADJUSTED HOLE BOARD TEST AND
DEVELOPMENT OF A VISUAL DISCRIMINATION TEST
FOR EVALUATING LEARNING AND MEMORY IN
JUVENILE MINI-PIGS.

N. Grand1, A. Juul Haagensen2, A. Makin1, C. Skytte1 and D. Bratbo
Soerensen2. 1CiToxLAB, Lille Skensved, Denmark and 2KU LIFE, Copenhagen
University, Copenhagen, Denmark.
When evaluating the safety of pharmaceuticals for use in pediatric human populations, it is important to evaluate possible effects on developing systems. Such effects
could be physical and therefore easily measured (e.g. growth); others could be functional, and need to be measured with specific tests. One possible functional effect of
pharmaceuticals used for children could be on their ability to learn and to remember. Especially pharmaceuticals acting on the central nervous system (CNS) are a
concern. Learning and memory tests for use in the preclinical testing of novel drug
candidates exist and have been utilised for many years, however these are mostly developed for use in rodents. The minipig is a widely used nonrodent species in preclinical toxicity testing of novel pharmaceuticals and is also used in juvenile studies,
designed to investigate the reaction of immature systems to the pharmaceuticals
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tested. Tests specifically developed to investigate learning and memory in juvenile
minipigs are potentially valuable tools in evaluating the possible influences of novel
pharmaceuticals on the memory and learning of children. Two methods for investigating learning and memory in juvenile minipigs were evaluated at our laboratory.
Training and tests started at approximately 6 weeks of age, which is the equivalent
of human children of around 2 years of age. The working memory and the reference memory of the juvenile minipigs was evaluated using an adjusted hole board
test. Additionally a visual discrimination test was developed, as visual discrimination is of utmost importance when children learn to read, as it shows the ability to
recognize similarities and differences between visual images. The results of our tests
have been positive and our conclusions are that these tests are useful additions to
the battery of tests available for measuring the effects of pharmaceuticals on developing animals.

All animals withstood their own infusion assembly and did not dismantle their congener’s. There were no adverse findings on in-life endpoints. The few histopathological lesions were considered to be those normally encountered with this route of
administration and comparable with in house data generated from the tethered
monkey model.
We demonstrated that the use of an ambulatory pump allows socialization of
cynomolgus monkeys in an intravenous infusion safety study, improves their welfare and does not compromise the outcome of the study.

2290

INVESTIGATIVE EMBRYOTOXICITY STUDY IN THE
GöTTINGEN MINI-PIG BY INTRAVENOUS INFUSION
USING AN AMBULATORY PUMP.

J. Briffaux, L. Reynaud and E. Marsden. Ricerca Biosciences SAS, Lyon, France.

2288

INTERSPECIES COMPARISON OF TOXICOPATHOLOGICAL FINDINGS INDUCED BY 4-WEEK
REPEATED EXPOSURE TO DICLOFENAC IN DOGS
AND MICROPIGS.

B. Lee1, J. Cho1, H. Han1, J. Han1, S. Rime1, H. Park1, L. Jaison2, F. A.
Majeed2, J. R. Calampinary2, A. Asad2, S. Park2, M. J. Kim2, S. Cha1, M.
Kwon1, Y. Kim1 and S. Yoon1. 1Korea Institute of Toxocology, Daejeon, Republic of
Korea and 2PWG Genetics Pte Ltd, Singapore, Singapore. Sponsor: W. Koh.
Dogs are most commonly used animal model for non-rodent studies in drug development. However, increased ethical concerns and drug over sensitivity have been
critical issues. Minipigs have appeared as a new non-rodent model, but its weight
could reach 30-35kg in long term studies causing difficulties in many aspects. We
introduce PWG Micropig, much smaller than conventional minipigs, as a more
plausible and efficient model for non-clinical studies. This study was to compare
the toxicological responses of dogs and micropigs in a 4-week repeated exposure to
diclofenac (DCF) known to cause hepato and renal toxicity as well as over sensitivity in dogs. Nine male beagle dogs and nine male micropigs were divided into 3
groups each and treated with 0 (vehicle control), low and high dose of DCF. Doses
of 1 and 3 mg/kg/day were selected for dogs and 3 and 15 mg/kg/day for micropigs
based on the preliminary 2-week study. In dogs, there were dose-related reduction
of red cell parameters and elevation in total white blood cell counts. Significant reduction of alanine aminotransferase, alkaline phosphatase, total bilirubin, gammaglutamyl transferase, total protein, albumin, and albumin/globulin ratio were noted
at 3 mg/kg/day. In macroscopic examinations, perforation of stomach was observed
in 2 dogs given 3 mg/kg/day. In micropigs, changes in hematology and clinical
chemistry parameters were noted but minimal even at 15 mg/kg/day.
Macroscopically, unilateral pale discoloration of kidney and multifocal dark-red
foci of ileum were observed in high dose micropigs. These results clearly demonstrate over sensitivity of dogs to DCF and that micropigs can serve as a better nonrodent model with enhanced prediction potential in humans.

2289

FEASIBILITY AND SAFETY EVALUATION OF
AMBULATORY INFUSION IN SOCIALIZED
CYNOMOLGUS MONKEYS FOR PRECLINICAL SAFETY
STUDIES.

C. Gerhardy, S. Baudet, F. Bossu, C. Botteron and N. Pickersgill. Ricerca
Biosciences SAS, Lyon, France.
Increasing regulatory pressure for animal welfare improvement in safety studies has
encouraged group housing of monkeys. Such requirements may become challenging in long term intravenous (IV) infusion studies which are usually conducted in
tethered-restrained animals. The development of ambulatory pumps should allow
socialization of monkeys, but it should be ensured that their natural exploratory behavior could lead to infusion setup dismantling, thus placing regulatory studies at
risk.
We investigated the suitability of an ambulatory IV infusion method for use in a
regulatory 4 week toxicological study in the monkey. We assessed standard toxicology endpoints and compared the results with background data from tether infused
monkeys. Six female cynomolgus monkeys (Macaca fascicularis) were continuously
infused (24 h/day) with sterile physiological saline (100 mL) contained in a pouch,
at a rate of 1 mL/kg/h through a catheter implanted in the vena cava. The distal tip
exited at the neck level and was connected to a peristaltic pump (Pegasus Light,
LAB). The pump and pouch assembly (approximately 200 g) was protected by a
polystyrene case contained within a jacket worn by the monkey. Monkeys were socialized by group of three except when individual handling was needed. Usual toxicology in-life endpoints (growth, food intake, clinical pathology, cardiovascular and
ophthalmological examinations) were assessed. Tissue sections of the catheter path,
lungs, liver, spleen, heart and kidneys were histopathologically evaluated.
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The objectives were to test the feasibility of performing intravenous (IV) infusion
using an ambulatory pump in pregnant Göttingen minipigs and to compare findings with our historical control data (HCD) from animals treated orally.
Four female Göttingen Minipigs were received shortly after mating and then
housed in pairs. A polyurethane catheter was implanted under isoflurane anesthesia
into a femoral vein of each animal the day after arrival. The exteriorized catheter ran
to a 150 mL plastic pouch containing physiological saline (PPS) and a programmable pump (Pegasus Light). Animals were infused at 1.0 mL/h with PPS following
implantation. The pump and pouch (weighing about 200 g) were enclosed in a
polystyrene case held in a jacket worn by the animals. Dosing was simulated by infusing the animals with PPS at 5 mL/kg/day from days 11 to 35 of gestation.
Maternal clinical condition and body weight were monitored during the study. At
necropsy, the females were examined macroscopically and litter parameters were
recorded. The fetuses were weighed, sexed, examined for external and visceral abnormalities and processed for skeletal examination.
There were no notable infusion incidents or maternal observations. At C-section,
all 4 females were pregnant with viable fetuses. The mean number of implantations
was slightly lower compared with the HCD from oral studies. This could be indicative of a slightly increased pre-implantation loss due to the surgical procedure.
There was no impact on subsequent embryo-fetal survival and no remarkable differences from the HCD amongst the fetal observations.
In conclusion, IV infusion via a surgically implanted catheter and ambulatory
pump is possible in the pregnant minipig but slightly increased pre-implantation
loss may be related to the surgery. At the dose volume used, the infusion was innocuous with respect to embryo-fetal survival and morphological development and
is therefore suitable for use in embryotoxicity studies. Animal welfare is improved
with respect to a tethered infusion system, since the animals can move freely and be
group housed.

2291

SIX-WEEK EXPLORATORY STUDY ON VIGABATRININDUCED RETINAL TOXICITY IN PIGMENTED
(LONG EVANS) RATS.

J. Briffaux1, N. Truchot1, C. Botteron1, S. Rosolen2, N. Pickersgill1 and A.
Rasmussen3. 1Ricerca Biosciences SAS, St Germain sur l’Arbresle, France, 2Institut de
la Vision, Paris, France and 3H. Lundbeck A/S, Copenhagen, Denmark.
The study was performed to respond to a regulatory request to replicate retinal toxicity in the Long Evans (LE) pigmented strain using combinations of high intensity
light (HIL) exposure, mydriasis and oral administration of Vigabatrin, a
GABAergic agonist. The rats received combinations of light (normal or HIL at approximately 2,000 lux for 12 hours per day), Mydriasis (1 % atropine twice per
week) or oral Vigabatrin (200/150 mg/kg/day). Retinal toxicity was assessed functionally by electro-retinography (ERG) elicited by different flash and flicker stimulations given under scotopic (dark) and photopic (light) conditions and by
histopathological examination after 1, 3 or 6 weeks. Functionally, in LE rats exposed to HIL and given mydriasis the changes were similar under both scotopic and
photopic conditions and included altered ERG morphology, increased implicit
time and decreased amplitude. These changes are consistent with retinal degenerative processes described in the literature. Microscopic lesions included degeneration
of the photoreceptor layer and outer nuclear layer and, in some animals, degeneration in the outer plexiform layer and inner nuclear layer. Vigabatrin alone (without
HIL or mydriasis) was not associated with functional or microscopic changes in the
retina nor was HIL alone (without mydriasis) sufficient to induce retinal changes.
LE rats exposed to HIL and given mydriasis had both functional and histopathological changes as above but in those animals also treated with Vigabatrin, the
changes occurred earlier and were characterised microscopically by multifocal wavy
appearance and rosette formation in the outer nuclear layer of the retina from week
3 of the study. Non-pigmented Sprague Dawley rats were also exposed to HIL and
given mydriasis and had similar functional changes and less severe histological
changes than in LE rats. In conclusion, the LE rat under the defined experimental
conditions is a good model to demonstrate retinal changes induced by Vigabatrin.

2292

YUCATAN MINIATURE SWINE SURGICAL GLAUCOMA
MODEL DEVELOPMENT AND RESPONSE TO
THERAPY.

S. Renna1, C. Moore2, J. Liu1, Z. Burks1, E. Blair1, C. Hanks1, K. Horlen1,
D. White1, L. D. Brown1 and G. Bouchard1. 1Sinclair Research Center, LLC,
Auxvasse, MO and 2Veterinary Ophthalmology, University of Missouri College of
Veterinary Medicine, Columbia, MO.
The purpose of this project was to develop a model of glaucoma via surgical induction of increased intraocular pressure (IOP) in Yucatan miniature swine. Three pigs
(two female, one male) had bilateral IOP measurements performed prior to surgical
intervention to establish a baseline IOP for each animal from which future changes
in IOP could be identified. IOP measurements (mm Hg) were taken with a
Tonopen Vet Tonometer. In order to reduce venous drainage from the eyes, episcleral veins were scarified by cauterization in each eye. IOPs were periodically measured for several weeks post-cauterization surgery. Pharmacologic intervention was
then instituted with a commercially available synthetic prostamide analog with ocular hypotensive activity. Drops were applied once daily, and IOPs continued to be
measured. After 7 weeks of daily treatment, eye drops were discontinued, and IOP
measurements continued to be obtained. All animals presented with significant increases in IOP measurements post surgical intervention and significant decreases in
IOP with pharmacological therapy. Statistical tests included sample mean comparison by 2-tail T-test P-value (T≤t). Data by phase as follows-Mean±SD (N readings), P-value: Baseline:19±4 (65); Post-Surgery: 24±5 (124), ≤0.005 (Baseline vs.
Post-Surg); Treatment: 18±4 (75), ≤0.0006 (Post-Surg vs Treatment) Recovery:
20±4 (80), ≤0.006 (Treatment vs Recovery). Therefore, the Yucatan miniature
swine should be considered a viable model for surgically induced glaucoma. The
miniature swine eye is also responsive to pharmacological therapy to reduce IOP
and as such could be a potential model for future pharmacological research.

2293

MINIATURE SWINE MODEL OF PHOTOTOXICITY
TESTING.

H. Leigh1, L. D. Brown1, P. D. Forbes2, C. Lawson1, D. Y. Kim3, D. White1,
D. R. Wehmeier1, J. Liu1 and G. Bouchard1. 1Sinclair Research Center, LLC,
Auxvasse, MO, 2Aclario PDG, Inc., Vienna, VA and 3Veterinary Medical Diagnostic
Laboratory University of Missouri, Columbia, MO.
Background/Purpose: This study determined the threshold doses for “solar erythema” and for phototoxic responses to 8-methoxypsoralen (8-MOP) in white skin
Hanford and grey skin Yucatan miniature swine. Methods: For threshold erythema
determinations, the UVR exposures included both UVA (315 – 400 nm) and UVB
(290 – 315 nm) radiation by positioning one fluorescent ‘sunlamp’ among 10
‘PUVA’ lamps. With this configuration the UVR exposures ranged from 0.5 - 2.8
times the “instrumental MED” (MEDi) for Hanford and from 1.0 - 5.6 times the
MEDi for Yucatan. For phototoxicity determinations (i.e., with and without topically-applied graduated concentrations of 8-MOP), the UVB component was minimized by extinguishing the sunlamp, thus permitting higher UVA exposures.
Results: The Hanford had the lower UV erythema dose threshold (1.0-1.4 times
the MEDi) and the erythema that developed was readily observable. The exposure
doses for the phototoxicity test were 5J/cm2 of UVA in 35 minutes or 10 J/cm2 in
70 minutes. The phototoxic (vascular) response to 8-MOP was observed in the two
highest concentrations (0.01% and 0.1%) in Hanford pigs, in a dose-related manner. Microscopic evidence of a dose-related response was also observed as the concentration of 8-MOP increased. Conclusion: This verified that the Hanford miniature swine is the preferable strain for phototoxic effects. In contrast, UVR exposure
of the Yucatan pig skin produced tanning rather than erythema, confirming that
the Yucatan is the more appropriate strain for studying the melanization response.
Thus, Hanford and Yucatan miniature swine have cutaneous photobiological responses that reflect their respective strain differences.

2294

A PROOF OF CONCEPT STUDY FOR EVALUATING
ANTIHYPERTENSIVE COMPOUNDS IN AWAKE,
CHRONICALLY-INSTRUMENTED,
PHARMACOLOGICALLY HYPERTENSIVE MONKEYS.

C. R. Hassler1, M. M. Hejtmancik1, M. A. Hawk1, R. L. Hamlin2, B. M.
Roche1 and E. Gonzalez1. 1Toxicology, Battelle Memorial Institute, Columbus, OH
and 2Veterinary Medicine, Ohio State University, Columbus, OH.
Systemic arterial hypertension is of epidemic proportions (~30% of the US population, ~1 billion, Worldwide) and results in significant morbidity and mortality.
Approximately one-half of Americans have their hypertension under control. Thus
there is enormous interest by, and value to, the pharmaceutical industry to develop
safe and efficacious drugs to manage systemic arterial hypertension. Proof of safety

and efficacy is relevant to the arena of Safety Pharmacology, and preclinical studies
conducted on infrahuman mammals as surrogates for man are of obvious importance. Whereas most of these studies have been conducted on rodents and dogs,
studies on non-human primates are appealing because of anatomical and physiological similarities between them and man. This proof-of-concept study was conducted on awake, chronically-instrumented cynomolgus monkeys with systemic arterial hypertension produced by constant rate infusion of angiotensin-II. After
production and maintenance of systemic arterial hypertension, monkeys were given
escalating doses of sodium nitroprusside to demonstrate the usefulness of the model
for evaluating a known antihypertensive. Additionally we established baroreceptor
gain from the change in heart rate vs the change in blood pressure.

2295

GENERATION OF PDE4D KNOCKOUT RATS USING
ZINC FINGER NUCLEASE TECHNOLOGY.

M. Lawton, B. Enerson, I. Pardo and W. Qin. Pfizer, Groton, CT.
Although the rat is a preferred preclinical model for studying drug metabolism, toxicity, CNS disorders, pain, diabetes, inflammation and oncology, its use in R&D
has been limited by our inability to readily manipulate its genome. The recent availability of zinc finger nuclease (ZFN) technology is now making it possible to generate knockout (KO) rats. ZFN is an engineered restriction endonuclease that
cleaves DNA to stimulate the endogenous repair mechanisms, often creating a
frame shift and/or a premature stop codon, and thus effectively “knocking out” a
gene. We chose the PDE4D gene as an initial target to evaluate ZFN technology.
The pharmaceutical industry has sought to inhibit PDE4 activity for a variety of inflammation-mediated diseases, including arthritis, asthma, and COPD.
Unfortunately, inhibition of PDE activity has been associated with nausea, emesis,
changes in heart rate and blood pressure, testicular toxicity and vascular injury.
Because the high frequency of occurrence of drug-induced vascular injury is seen
with many structurally diverse PDE4 inhibitors, it’s likely that this toxicity is target
mediated. Deletion of the catalytic domain, common to all splice variants, was attempted by designing ZFNs that target exon 9 of the PDE4D gene. Five founder
lines were identified from screening 40 live births, and sequence analysis revealed
deletion mutations of 7 to 560 nucleotides as well as insertion of 3 nucleotides at
the ZFN cut site. The deletions in two lines, 7 nucleotides from exon 9 for line 68B
and 8 nucleotides for line 82, are predicted to result in frame shift mutations that
would lead to non sense amino acids and premature stop codons early in the catalytic domain. Germline transmission in these lines was confirmed by analysis of
PCR products amplified from the mutated region and sequencing of these PCR
products. In addition, qRT-PCR analysis of mRNA isolated from brain and heart
of homozygous KO animals showed that no wild type mRNA is expressed. Mutant
mRNA is expressed, but at a lower level compared to that from wild type rats. Data
from these and other studies characterizing PDE4D KO rats will be presented.

2296

INTRAPUTAMENAL INFUSION IN THE ALBINO RAT.

C. Copeman1, J. Perron1, Y. Trudel1, S. Caron1, F. Emond1, V. Frenette1 and
M. Butt2. 1Toxicology, Charles River Preclinical Services, Senneville, QC, Canada
and 2Tox Path Specialist, LLC, Hagerstown, MD.
The intraputamenal route of administration may be required for preclinical efficacy
or safety assessments of agents to mimic the clinical regimen for drugs that cannot
cross the blood/brain barrier when administered systemically or would result in systemic toxicity at dose levels required to provide adequate exposure. Our laboratory
has established surgical and technical procedures for successful administration into
the striatum via infusion in the albino rat. The infusion catheter was implanted
under anesthesia while rats were positioned/restrained in a stereotaxic device. The
catheter was placed in the brain using reference points on the skull and established
coordinates for the putamen in rats. The catheter was then connected to a programmable micro-infusion pump (iPrecio® pump) implanted subcutaneously.
Infusion of physiological saline into the putamen was performed at a rate of 1
μL/hr for 14 days. There were no effects on clinical condition and no signs of neurological impairment associated with the experimental procedures utilized.
Cannula placement was confirmed by dissection of the brain, and injection of
methylene blue at necropsy or by confirmation of the presence of the catheter tract
microscopically. Skin scabs and skin adherence to the cement were observed at the
cranial surgical site.. Postmortem changes were not unexpected for the experimental procedures conducted and included neovascularization, inflammation and/or
glial reactions. In conclusion, intraputamenal infusion in rats was successfully established with minimal clinical indications of experimental-related effects associated with anticipated postmortem changes for this route of administration in rats.
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2297

POSSIBLE DETOXIFICATION MECHANISMS OF 2CHLOROETHANOL INTOXICATION.

Y. Chen1, D. Hung2, 3 and I. Matsuura1. 1Division of Molecular and Genomic
Medicine, National Health Research Institutes, Miaoli County, Taiwan, 2Graduate
Institute of Drug Safety, College of Pharmacy, China Medical University, Taichung,
Taiwan and 3Toxicology Center, China Medical University Hospital, Taichung,
Taiwan.
2-Chloroethanol (2-CE, ethylene chlorohydrin, CAS 107-07-3) is used as an intermediate product in the synthesis of ethylene oxide, and the metabolite of halogenated hydrocarbons.
In Taiwan, some farmers apply 2-CE to grapevines to hasten sprouting. 2-CE poisonings and fatalities have been reported following oral exposure, inhalation or skin
absorption. 2-CE exposure can result in severe metabolic acidosis, coma, respiratory failure, hypotension, and death after acute exposure. Chloroacetaldehyde
(CAA) is formed via the metabolism of 2-CE by alcohol dehydrogenase in rat hepatocytes, and is also found in blood. Recently, we found fomepizole, an alcohol
dehydrogenase inhibitor can reduce 2-CE toxicity in rat. In this study, we found
potential antidotes fomepizole combined with N-acetylcysteine can protect 2-CE
induced liver junctional separation in rat. And the liver cytochrome P450 2E1 protein level was significantly increased after fomepizole combined with N-acetylcysteine pre-treat group in rat. Pre-treat human hepatocyte cell line with fomepizole
and combined with N-acetylcysteine can increase cell viability in 2-CE (from
22.63% to 85.65%) and CAA (from 6.14% to 90.74%) intoxication cells.
Otherwise, combination usage of two antidotes will be better than single treatment.
2-CE detoxification may mediate stopping CAA formation by alcohol dehydrogenase inhibition and CYP2E1 over-expression in liver.

2298

CONTINUOUS CARCINOGENIC SUSCEPTIBILITY
MONITORING OF CB6F1 TG RASH2 MICE.

K. Urano, K. Machida, E. Nishinaka, K. Itoh, M. Tomizawa, T. Ogura, M.
Yasuda and H. Tsutsumi. Central Institute for Experimental Animals, Kawasaki,
Japan.
CByB6F1-Tg(HRAS)2Jic (rasH2) mice are known to have a high susceptibility for
human carcinogens. At present, this strain of mouse is produced by two breeding
facilities, Taconic (Germantown, NY) and CLEA Japan, Inc. (Shizuoka, Japan),
and supplied worldwide. We periodically compare the carcinogenic response of the
mice produced by the two facilities to N-methyl-N-nitrosourea (MNU, 75 mg/kg),
which is used as a positive control compound. Full volume monitoring in which
whole organs are studied histopathologically at 26 weeks after MNU administration is performed every 5 years or when the breeding colonies are replaced. In other
years, simple monitoring in which only forestomach, the most sensitive organ to
MNU, is studied histopathologically, is performed. In full volume monitoring performed in 2006, the incidences of forestomach papillomas and/or squamous cell
carcinomas, splenic malignant lymphomas and skin papillomas in rasH2 mice from
both facilities were 87-100%, 53-67% and 42-71%, respectively. The incidences of
forestomach papilloma and/or squamous cell carcinoma from both facilities in simple monitoring performed in 2008, 2009 and 2010 were 89-100 %,80-90 % and
90-100 %,respectively. In conclusion, there was no difference in carcinogenicity
susceptibilities of rasH2 mice produced by Taconic and CLEA Japan, Inc. between
2006 and 2010 and their carcinogenicity susceptibilities were in agreement with
the background data (Usui et al. 2001). The breeding colonies of rasH2 mice in
both facilities were replaced in 2010, and a full volume monitoring is going to perform at Central Institute for Experimental Animals.

2299

IN VIVO EXPRESSION OF P16INK4A IN RESPONSE TO
TOXICOLOGICAL EXPOSURES.

J. Sorrentino1, C. Burd2 and N. Sharpless1, 2, 3. 1Toxicology, University of North
Carolina at Chapel Hill, Chapel Hill, NC, 2Genetics, University of North Carolina
at Chapel Hill, Chapel Hill, NC and 3Medicine, University of North Carolina at
Chapel Hill, Chapel Hill, NC.
In mammals, expression of p16INK4a is highly regulated. Excess expression can
lead to cellular senescence and aging, while impaired activation is associated with
cancer. The precise mechanism of p16INK4a regulation in vivo is poorly understood. In vitro systems have limited utility since proliferation in culture induces
p16INK4a. Both extrinsic (chemotherapy and ionizing radiation) and intrinsic
(telomere shortening and improper DNA damage repair) stimuli can induce
p16INK4a, but the kinetics and cellular responses to these genomic insults have
not been examined in vivo. To address this question, we developed a murine strain
with firefly luciferase ‘knocked-in’ to the endogenous p16INK4a locus and under
control of the p16INK4a promoter (p16-LUC). We are exposing p16-LUC mice to

496

SOT 2012 ANNUAL MEETING

arsenic (50 ppm), 42% fat diet (Western Diet), or cigarette smoke for a minimum
of 6 months to mimic human exposures. Every other month, p16-LUC mice are
imaged to measure luciferase induction. At 6 months of exposure, mice exposed to
cigarette smoke display higher levels of whole body luciferase activity than nosmoke controls. We also detected higher levels of luciferase in mice on high fat diet
(42% fat) compared to normal fat diet (4%) after 8 months. Experiments measuring the effects of arsenic exposure are ongoing. We are correlating luciferase expression in different organs with tissue damage as well as p16INK4a protein and
mRNA expression. We are also using a similarly designed p16-GFP allele to further
define the cellular expression of p16INK4a in response to toxicological stimuli. The
data generated from these experiments will demonstrate how environmental exposures are linked to expression of p16INK4a, which is a mediator of tumor suppression and aging. (Supported by T32 ES07126, HHMI Translational Medicine
Program, and UO1- CA141576)

2300

DEVELOPMENT OF AN ANIMAL MODEL OF
ISONIAZID-INDUCED LIVER INJURY.

I. G. Metushi1 and J. P. Uetrecht2, 1. 1Pharmacology and Toxicology, University of
Toronto, Toronto, ON, Canada and 2Pharmaceutical Sciences, University of Toronto,
Toronto, ON, Canada.
Background: Isoniazid (INH) remains a mainstay in the treatment of tuberculosis
despite the fact that it can cause liver failure. Studies from decades ago suggest that
the toxicity is caused by the acetylhydrazine (AcHz) metabolite of INH because covalent binding of AcHz and not INH was detected in the liver of treated rats.
However, this was based an acute rat model using very high doses and with features
very different from those observed in humans in which the onset is delayed, usually
by more than a month. Recently we showed that INH itself can form covalent
adducts with liver macromolecules. Methods and Results: Mice were treated with
INH and screened for covalent binding using western blotting. We found that there
is greater amount of covalent binding in mice than rats, but the amount of binding
does not always correlate with hepatotoxicity. Attempts were made to develop a
mouse model of INH hepatotoxicity by treating C57BL and Cbl-b (-/-) mice with
INH for up to five weeks. We found that ALT was not a suitable measure of liver
injury because INH interferes with the assay. Treatment of C57BL mice with INH
did not result in an increase in serum glutamate dehydrogenase levels but treatment
of Cbl-b (-/-) did. At the end of the treatment we found that in Cbl-b (-/-) mice
there was a down regulation in IL-1 and IL-12 and in one mouse a dramatic increase in cells staining positive for F4/80. Attempts to break immune tolerance by
co-treating animals with drug modified S9 protein and INH orally were unsuccessful and in fact treatment with INH prevented the autoimmune hepatitis that was
caused by injection of S9 protein along with Freund’s adjuvant. Conclusions: These
studies demonstrate that bioactivation of INH itself leads to covalent binding. It
seems that INH may actually lead to immune suppression which may prevent severe liver injury. Further work is being carried out to determine the mechanism of
injury in this animal model and to see if it is consistent the liver injury in humans.
This research was supported by grants from CIHR.

2301

MORTALITY PATTERNS IN CD-1 MOUSE
TUMORIGENICITY STUDIES, CONDUCTED OVER
THE PERIOD OF 1985 TO 2011.

W. N. Hooks. Safety Assessment, Huntingdon Life Sciences, Huntingdon,
Cambridgeshire, United Kingdom. Sponsor: D. Mitchell.
Review of Crl:CD-1 ® (ICR) BR mouse dietary and oral gavage administered tumorigenicity studies conducted over the period of 1985 to 20011 concluded that
the analyses of terminal mortality against time indicated a slight but positive trend
towards higher values in the females; there were no major differences between the
terminal mortality for the different routes of administration or housing density.
The interest in the mortality patterns of mice continues due to regulatory guidance
(mainly concerning pharmaceuticals) to conduct mouse tumorigenicity studies over
2 years, rather than over 18 months or to a percentage survival point. Therefore, the
purpose of this review of up to 150 tumorigenicity studies, completed up to 2011,
was to establish if the strain was still performing as expected by comparing possible
differences in the mortality patterns over time, between the dietary and oral gavage
routes of administration, or between the housing density (1 to 4/cage). The mortality values (mean ± standard deviation, number of studies) were: Week 80 –
27±8.2% (150) for males and 23±7.0% (149) for females; Week 104 – 53±10.2%
(58) for males and 57±7.7% (59) for females. There were no major differences in
the mortality values between the routes of administration. Similar comparisons of
the housing density did not reveal any major differences. Analyses of terminal mortality (Week 104) against time continued to indicate a slight but positive trend towards higher values in the females for all study types and for oral gavage studies
housed 3/cage (our current standard housing density). In conclusion, there were no

major differences between the terminal mortality for the different routes of administration or housing density, or in the mortality patterns over two years, but the
analyses of terminal mortality (Week 104) against time continued to show a slight
but positive trend towards higher values in the females.
1 Hooks, W.N. The Toxicologist, 72: 1863 (2003).

2302

GENERAL TOXICITY STUDY OF F344 GPT DELTA
TRANSGENIC RAT FOR ONE-YEAR FEEDING.

H. Takagi1, Y. Nozaki1, A. Kawada1, M. Yamada2, K. Masumura2 and T.
Nohmi2. 1Biotechnical Center, JAPAN SLC, Inc., Hamamatsu, Japan and 2Division
of Genetics and Mutagenesis, National Institute of Health Sciences, Tokyo, Japan.
Sponsor: A. NIshikawa.
Transgenic rodent gene mutation assays, recently adopted as OECD test guideline
TG488, are useful methods to evaluate in vivo mutagenicity of chemicals in a target
organ. The multiple copies of genetically neutral transgenes that contain reporter
genes for mutation analysis are chromosomally integrated in the transgenic rodents.
However, biological identities between the transgenic and non-transgenic animals
are not well demonstrated. To evaluate the characteristics of F344 gpt delta transgenic (Tg) rat in general toxicity study, we investigated the clinical and pathological
features of the gpt delta transgenic and non-transgenic F344 rats in one year feeding study. The six week-old F344/NSlc-Tg(gpt delta) and F344/NSlc (60 animals
each/sex/strain) were employed for this assessment. Twenty animals each in both
sexes were subjected to necropsy at 13, 26 and 56 weeks after starting, then, clinical
and pathological assessments were conducted. In F344/NSlc-Tg(gpt delta), the values of several parameters in hematology, clinical biochemistry and organ weights
were different from those in F344/NSlc with statistical significance. These alterations, however, were within the range of historical control data of in housed
F344/NSlc, and thus were considered to be incidental. In histopathology, spontaneous lesions in F344/N such as adenoma in the pituitary, fibrosis in the heart, microgranuloma in the liver and so on were observed in both strains. These results
suggested that there were no remarkable differences which indicate phenotypic
modulation in Tg rats, and supported the conclusion that F344/NSlc-Tg(gpt delta)
has the similar characteristics to F344/N.

2303

A COMPARISON OF SURVIVAL PATTERNS AND
BACKGROUND PATHOLOGY IN SPRAGUE DAWLEY
AND HAN WISTAR RATS.

I. Taylor1, D. Creasy2 and V. Mowat1. 1Pathology, HLS, Huntingdon, United
Kingdom and 2Pathology, HLS, Princeton, NJ.
A survey was undertaken to compare survival patterns, major causes of mortality
and incidences of neoplastic and nonneoplastic findings of these two rat strains in
long-term studies. Differences in survival and tumor patterns were evident between
the two.
Data from 104-week studies conducted from 2001-2009 were compiled (8 studies
using Crl:CD(SD)IGS BR (Sprague Dawley) rats, 12 studies using
HsdBrlHan:Wistar (Han Wistar) rats). Marked differences were seen in body
weight and survival between the two strains. SD rats were heavier at the end of 104
weeks with a higher mortality compared to Han Wistars. A number of differences
in tumor data were evident between the strains. Benign pheochromocytoma (SD
13.9%; HW 3.5%) and skin fibromas (SD 10.6%; HW 1.6%) were far more common in SD than Han Wistar males. Conversely, mesenteric lymph node hemangiomas (SD 1.9%; HW 8.6%), thyroid follicular cell adenoma (SD 1.6%; HW
9.1%) and thymic thymomas (SD 0.2%; HW 2.3%) were more common in Han
Wistar than in SD males. Benign pheochromocytoma (SD 4.9%; HW 0.3%),
mammary fibroadenoma (SD 45.5%; HW 24.2%) and carcinoma (SD 22.3%;
HW 6.4%), were more common in SD than in Han Wistar females. Mesenteric
lymph node hemangiomas (SD 0.3%; HW 3.7%) and thymic thymomas (SD
0.2%; HW 6.6%) occurred more often in Han Wistar than in SD females. The
commonest tumors occurring in each strain were pituitary tumors in both sexes
(Male SD 38.0%; HW 33.0%; Female SD 65.4%; HW 64.2%) and mammary fibroadenomas in females (SD 45.5%; HW 24.2%).

2304

PROFILE OF EARLY-OCCURRING SPONTANEOUS
TUMOURS IN CD-1 MICE.

V. Mowat and I. Taylor. Pathology, HLS, Huntingdon, United Kingdom. Sponsor:
C. Auletta.
The profile of common background tumours in aged CD-1 mice is well-documented in the literature. However, in short-term studies, isolated occurrences of tumours in treated groups pose difficulties of interpretation. This survey was under-

taken to assess incidences and age of occurrence of tumours in mice on study upto
to 52 weeks. In addition, these data were compared with a similar survey done on
studies run at HLS between 1990 and 2002.
Data from 17 studies of 78 to 104 weeks duration, run between March 2005 and
July 2008, were used in this survey. These comprised 19 control groups; 1109 males
and 1109 females in total. Overall, during the first 52 weeks of study 100 males
died or were killed for welfare reasons, with neoplasia recorded as the cause of death
in 20 animals. The earliest occurring tumour, seen in Week 18, was a fatal astrocytoma of the central nervous system. The commonest tumour type was lymphoma;
eight cases were recorded with seven as the cause of death and one as an incidental
finding. The first lymphoma occurred between 26-30 weeks. Sarcomas of the skin
were the next most common tumour type, followed by tumours of the lung (bronchioloalveolar adenoma and carcinoma. In the female groups, 67 animals died or
were killed for welfare reasons during the first 52 weeks on study, with 19 deaths
due to neoplasia. Again, lymphoma was the commonest tumour type and the earliest occurring, being recorded in 15 females as the cause of death with the first one
noted in Week 19. When compared with the data from an earlier survey (Early occurrence of spontaneous tumours in CD-1 mice and Sprague-Dawley rats, 2004,
Son and Gopinath), lymphoma was still the commonest tumour in both sexes.
However, in the recent data incidence of lymphoma in males was lower than previously (8 out of 100 decedents in the new data vs. 23 out of 101 decedents) and occurred later (26-30 weeks vs 6-10 weeks). Also, hepatocellular adenomas, previously noted as incidental findings in three males which died before 50 weeks on
study,were not recorded in the data presented here.

2305

DIABETES AFFECTS BIODISTRIBUTION AND
GENOTOXICITY OF CISPLATIN IN MICE.

M. S. Faria1, M. C. Rodrigues1, J. L. Rodrigues2, A. F. Aissa1, N. G. Santos1, L.
G. Antunes1, F. Barbosa1 and A. C. Santos1. 1Department of Clinical Analyses,
Toxicology and Food Sciences, University of São Paulo, School of Pharmaceutical
Sciences of Ribeirão Preto, Ribeirão Preto, São Paulo, Brazil and 2Department of
Technology and Science, Federal University of Vales do Jequitinhonha and Mucuri,
Teófilo Otoni, Minas Gerais, Brazil. Sponsor: D. Dorta.
Introduction: Cisplatin is a highly effective anticancer drug that is nephrotoxic.
Diabetes protects against cisplatin-induced nephrotoxicity but mechanisms and
impacts on the anticancer activity of cisplatin remain unclear. This study evaluated
the effects of diabetes on biodistribution and genotoxicity of cisplatin in Sarcoma180-tumor-bearing mice. Methods: Swiss mice (25-30g b.w.) were divided into
four groups (n=8) as follows: Control (C), Cisplatin (CIS), Diabetes (DB) and
Diabetes + Cisplatin (DB+CIS). Treatment: (i) a single dose of streptozotocin (150
mg/kg) in DB and DB+CIS; (ii) 3 days after, a subcutaneous injection of tumor
cells in all four groups; and (iii) 8 days after, a single dose of cisplatin (20 mg/kg) in
CIS and DB+CIS. Animals were killed 72 hours after cisplatin injection. Plasmatic
urea and creatinine were determined by colorimetric assays (Labtest®).
Biodistribution of cisplatin was determined by Inductively Coupled Plasma Mass
Spectrometry (ICPMS, 195Pt isotope). Genotoxicity was assessed by micronucleus
test in peripheral blood 24 hours after cisplatin injection. Statistics:
Mann–Whitney test for C x DB; C x CIS; and CIS x DB+CIS (p < 0.05, GraphPad
Prism 5.0). Results: Compared to C, CIS presented significantly increased: (i) plasmatic urea; (ii) plasmatic creatinine; (iii) Pt concentration in kidney and tumor;
and (iv) micronucleus frequency. All these effects were significantly reduced in
DB+CIS. No significant difference was observed between DB and C. Discussion:
Results showed that the protection of diabetes against cisplatin-induced nephrotoxicity is associated with modified biodistribution and decreased genotoxicity of the
drug. Conclusion: Diabetes might impair the anticancer activity of cisplatin.

2306

DEVELOPMENT OF A MOUSE MODEL OF
DOXORUBICIN-INDUCED CHRONIC
CARDIOTOXICITY.

V. Desai1, E. Herman2, C. Moland1, W. Branham1, S. Lewis3, Y. Jones3, A.
Paredes3, C. Cummings4, S. Kerr5, K. Davis6, J. Latendresse6 and J. Fuscoe1.
1Division of Systems Biology, NCTR/FDA, Jefferson, AR, 2Division of Applied
Pharmacology and Research, CDER, Silver Spring, MD, 3Office of Scientific
Coordination, NCTR/FDA, Jefferson, AR, 4Experimental Pathology Laboratories,
Inc., NIEHS, Research Triangle Park, NC, 5Arkansas Heart Hospital, Little Rock, AR
and 6Toxicologic Pathology Associates, NCTR/FDA, Jefferson, AR.
Doxorubicin (DOX) is a potent chemotherapeutic drug known to cause dose-related cumulative and irreversible cardiomyopathy in cancer patients. Here we report development of a mouse model of DOX-induced chronic cardiotoxicity for
the identification of early predictive biomarkers of cardiotoxicity. Male B6C3F1
mice were administered a weekly dose of 3 mg/kg DOX, or an equivalent volume of
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saline, intravenously via tail vein for 4, 6, 8, 10, 12, and 14 weeks, resulting in cumulative DOX doses of 12, 18, 24, 30, 36, and 42 mg/kg, respectively. During the
course of the treatment, cardiac function was measured a day before dosing. At
necropsy a week following the last dose, blood samples were collected for plasma
measurements of cardiac troponin T (cTnT) levels. Also, hearts were collected for
evaluations of cardiac lesions by light microscopy and mitochondrial morphology
by transmission electron microscopy (TEM). Results showed a significant increase
in plasma cTnT levels in all mice exposed to cumulative DOX doses of 12 mg/kg
and higher compared to saline-treated controls, indicating cardiac tissue injury. In
addition, a dose-related increase in severity of cardiac lesions was noted in mice following cumulative DOX exposures to 24 mg/kg and higher. DOX-treated mice
also showed a significant decline in heart rates at 24 mg/kg and higher cumulative
exposures when compared to their saline-treated controls. Preliminary EM analysis
revealed mitochondrial swelling with disorganization, fragmentation, and loss of
cristae at 12 mg/kg DOX. Altogether, these findings demonstrate the development
of a mouse model of DOX-induced chronic cardiotoxicity.

Study 1: Moderate necrosis of the centrilobular hepatocytes was observed within 24
hours from dosing. Study 2: Mean serum AST, ALT, ALP, and TBL levels were increased markedly and reached maximum levels by 48 hours after dosing. These levels then decreased gradually and had almost returned to pre-dose levels by 12 days
after dosing. These results were similar to those in previous studies using cynomolgus monkeys and rats. In addition, the lobular structure is distinct in the μMPs because interlobular connective tissue is abundant, whereas in the cynomolgus monkey and rat, it is unclear because interlobular connective tissue is scant.
After single oral administration of CCl4, the results from serum biochemical parameters (AST, ALT, ALP, and TBL) and histopathological examinations were similar to those in previous studies using cynomolgus monkeys and rats; however, the
lobular structure of the liver is different. It is considered feasible to use μMPs for
evaluating hepatotoxicity.

2309
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EVALUATION OF HEPATOTOXIC EQUIVALENCY BY
COMPARING CHANGES IN HEPATIC GENE
EXPRESSION INDUCED BY TWO DIFFERENT
FORMULATIONS OF ATORVASTATIN IN CHIMERIC
PXB-MOUSE® WITH HIGHLY HUMANIZED LIVER.

M. Nakashima1, H. Tachiki2, T. Shimada3 and S. Nagatsuka4. 1Graduate School
of Biomedical Sciences, Nagasaki University, Nagasaki, Nagasaki, Japan, 2Research &
Development Division, Towa Pharmaceuticals, Co., Ltd., Kadoma, Osaka, Japan,
3Phoenix Bio, Co., Ltd., Higashi-Hiroshima, Hiroshima, Japan and 4ADME &
Toxicology Research Institute, Sekisui Medical, Co., Ltd., Tokai-mura, Ibaraki, Japan.
Sponsor: T. Miyaoka.
Bioequivalency of a generic drug and its brand name counterpart is judged by comparing phamacokinetic properties of main component in each drug formulation.
The pharmacokinetic equivalency is considered to ensure both formulations to be
identical in intended use and efficacy. However, the contribution of the different
impurities in excipients in safety characteristics are in question because clinical
safety study is not required for the application of generic drugs. As a model study to
evaluate the equivalency of risk of hepatotoxicity in humans, we examined changes
in hepatic gene expression induced by two different formulations of atorvastatin
which causes various hepatopathys. The examination was carried out using
chimeric PXB-mice, in which more than 70% of hepatic parenchymal cells are replaced by human hepatocytes and has a potential to bridge the gap between rodenttype and human-type livers, and between in vivo and in vitro responses of human
hepatocytes against hepatotoxicants. The Lipitor® Tablets 10mg (Pfizer Japan Inc.)
or ATORVASTATIN TABLETS 10mg “TOWA” (Towa Pharmaceutical Co., Ltd.)
was grated and suspended in 0.5% methylcellulose and orally administered to PXBmice three-times daily at a dose of 100 mg/kg, followed by hepatic total RNA
preparation and gene expression analyses using GeneChip® Human Genome U133
plus 2.0 Array (Affymetrix Inc.). The equivalency of changes in hepatic gene expression induced by two different atorvastatin formulations will be discussed in 18
biological pathways (such as NRF2-mediated oxidative stress pathway, fatty acid
metabolism pathways) in addition to the global changes in hepatic gene expression.

I. Curran1, A. Nunnikhoven1, C. Qiao2, S. Gurofsky1, V. Liston1 and G.
Bondy1. 1Toxicology Research Division, Health Canada, Ottawa, ON, Canada and
2Food Surveillance and Science Integration, Health Canada, Ottawa, ON, Canada.
Transgenic heterozygous p53 cancer-prone mice (TG) have been developed to reduce costs, shorten study duration and provide mode of action (MOA) data when
used to assess chemicals for carcinogenicity. OTA is a food borne fungal toxin
which is nephrotoxic and a possible renal carcinogen. The objective was to provide
MOA data for OTA and by comparing gene expression profiles from the TG cancer
model mouse versus the wild-type (WT) mouse model. Male TG and WT mice
were exposed to OTA at levels of 0, 0.5, 2 or 10 mg/kg in diet for 26 weeks. Body
and kidney weight changes due to OTA were significantly more pronounced in TG
mice vs WT mice. RNA isolated from kidneys obtained from control and 2.0 mg
OTA /kg BW (WT and TG) were labelled and hybridized to Agilent 22k mouse
microarrays. Array data were normalized and changes in gene expression with a
FDR adjusted p value <0.05 were determined. Microarray analysis identified 530
genes in WT mice and/or TG mice that were significantly affected when comparing
OTA-treated vs. control mice (filtering: p≤ 0.05; absolute fold change ≥1.5 in one
strain; and ≥1.3 in second strain). Common genes between both mice strains upon
comparing treated vs. control mice numbered 405, suggesting significant commonality in OTA effects in both strains. Pathway analysis indicated the primary functions affected were oxidative stress, cellular growth and proliferation. Validation of
genes from array analysis and gene markers of renal damage were monitored via RTPCR using TaqMan gene expression assays. Assays for, OAT3, KIM1 and DMRT1
showed a significant OTA dose response within a mouse strain, however minimal
changes between strains were observed. In contrast p53 and p21 were differentially
expressed across strain. Although several pathways have been implicated in the increased sensitivity of the heterozygous p53 mice to OTA, candidate genes responsible for the increased sensitivity remain to be identified.

2310
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CARBON TETRACHLORIDE-INDUCED
HEPATOTOXICITY IN MICROMINI-PIGS.

EFFECTS ON KIDNEY GENE EXPRESSION IN WILD
TYPE AND CANCER-PRONE TRANSGENIC MICE OF
LONG TERM EXPOSURE TO THE MYCOTOXIN,
OCHRATOXIN A (OTA).

A SYSTEMS GENETICS APPROACH TO
INVESTIGATING CANCER SUSCEPTIBILITY DUE TO
LOW-DOSE COEXPOSURES TO ENVIRONMENTAL
CARCINOGENS.

H. Yamashita1, M. Ikegawa2, Y. Sasaki1, M. Mishima1, H. Kawaguchi3, N.
Miyoshi3, A. Tanimoto3, H. Izumi1 and R. Nagata1. 1Drug Safety Research Labo,
Shin Nippon Biomedical Laboratories, Ltd., Kagoshima-shi, Kagoshima-ken, Japan,
2Kyoto Prefectural University of Medicine, Kyoto, Kyoto-fu, Japan and 3Kagoshima
University, Kagoshima, Kagoshima-ken, Japan.

M. C. DeSimone1, J. Cullen3, H. B. Patisaul2 and D. W. Threadgill1. 1Genetics,
North Carolina State University, Raleigh, NC, 2Biology, North Carolina State
University, Raleigh, NC and 3College of Veterinary Medicine, North Carolina State
University, Raleigh, NC.

Carbon tetrachloride (CCl4) is known to induce hepatotoxicity. Recently, the
Microminipigs (μMPs; Fuji Micra Inc., Japan) has emerged as a possible experimental animal model for non-clinical pharmacological/toxicological use. In this
study, we compared hepatotoxicity following oral administration of CCl4 in μMPs,
cynomolgus monkeys, and rats in order to evaluate the feasiblity of using μMPs for
evaluating hepatotoxicity.
Five females (Study 1: two females, Study 2: three females) were used. Study 1: Two
female μMPs were euthanized 24 hours after CCl4 oral administration and the liver
was examined histopathologically.
Study 2: CCl4 was orally administered once at 0.4 mL/kg to three female μMPs,
and the reversibility of liver function up to Day 12 was examined by determining
serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP), and total bilirubin (TBL) levels.

Traditional toxicological approaches to evaluate mixtures of environmental carcinogens have lacked the genetic component critical for the discovery of underlying susceptibility genes. Here we used a systems genetics approach to model the genetic
heterogeneity of exposed human populations, including the inter-individual variation in drug metabolism, detoxification, and transport. We developed a unique intercross population derived from FVB/N Abcb1a/1b-/-, a multi-drug resistant pglycoprotein knockout mouse model, and CAST/EiJ a wild-derived strain that is
genetically distinct from the FVB/N background. Using this intercross to model
human biology, including using a western diet, environmentally-relevant doses of
carcinogens, trichloroethylene (TCE) and inorganic arsenic (iAs), were evaluated
for their effects on toxicity susceptibility. A study cohort of 900 FVB/N
Abcb1a/1b-/- x CAST/EiJ F3 mice was divided into nine dose groups, each containing 50 female and 50 males, and was administered TCE and sodium arsenite via
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the drinking water and chow, respectively, at environmentally-relevant concentrations for 56 weeks using a dose-ratio approach. At harvest, biofluids and tissues
were either formalin fixed for pathology, or flash frozen for molecular analysis. A
significant increase in preneoplastic lesions and tumors were identified in mice
treated with both TCE and iAs. Biomarker sampling using quantitative ELISA
showed a 10- to 16-fold variation in injury markers of treated mice, while control
values showed little variation, strongly suggesting a genetic basis for toxicity susceptibility. Genome-wide allelotyping of each mouse using a 7,851 SNP genotyping
array will reveal the genetic variants underlying toxicity response. Such a population-level experimental paradigm has the potential to identify individuals sensitive
to toxicity and disease, as well as elucidate the mode of action of low-dose mixtures.

2311

IMMUNE INVOLVEMENT IN AMINOGLUTETHIMIDEINDUCED IDIOSYNCRATIC DRUG REACTIONS.

W. Ng and J. Uetrecht. Faculty of Pharmacy, University of Toronto, Toronto, ON,
Canada.
As with most aromatic amine drugs, the aromatase inhibitor aminoglutethimide
(AMG) is associated with a variety of idiosyncratic drug reactions (IDRs) ranging
from skin rashes to serious haematological toxicities. AMG-induced IDRs are often
delayed and evidence suggests immune involvement; however, like most animal
models of IDRs, there has been limited reproducibility in rodents. A comprehensive study in rats was performed to examine the early changes induced by AMG including the effects on the immune and whether immune tolerance may contribute
to the difficulty of producing animal models of IDRs. Male Brown Norway rats
were treated with 125 mg/kg/d AMG orally for 14 days. Using PCR arrays, significant changes in hepatic gene expression were found in apoptotic and mitochondrial
pathways that could contribute to the mechanisms of toxicity. In contrast, few
changes were related to inflammation and immunity except down-regulation of inflammatory cytokines and chemokines such as IL-1 and CD40. No changes in protein levels of inflammatory cytokines were observed with a Luminex assay; however,
protein levels of innate immune markers such as Gro/KC, MCP-1, and IL-5 were
increased with AMG treatment at day 7 but returned to baseline by day 14. Liver
enzymes remained unchanged except for a subtle but noticeable increase in ALT
and GLDH at day 3, and histology revealed enlarged hepatocytes but no overt toxicity. A significant increase in peripheral blood neutrophils was found in the AMGtreated throughout the study without changes in the total WBC count, suggesting
increased neutrophil clearance. Preliminary evidence for an increase in the M2
macrophage subset was found in the lymph nodes of treated rats, which may imply
immune suppression. These results suggest that the primary response to AMG is
immune adaptation which may be the default response and why IDRs are generally
rare. Future studies focusing on innate immunity and direct activation of polymorphonuclear cells may be a better strategy to study the mechanisms of AMG-induced IDRs. This research was funded by grants from the Canadian Institutes for
Health Research.

lergic mice exposed to 150 μg/m3 S100 had significantly augmented proliferation
on challenge with Derp1 (p=0.00039) and Derf1 (p<0.0001). There were no significant effects of either S20 or S100 on SPN proliferation. In conclusion, both S20
and S100 affected the immunological responses of primary LNC. Exposure to S20
not only dampened cellular proliferation but attenuated allergic sensitization of
LNC, indicating a more potent immunotoxic effect of S20 as compared with immune-adjuvant promoting S100. (This abstract does not reflect EPA policy).

2313

S. Seehase1, 2, S. Switalla1, V. Neuhaus1, M. Zöller2, F. J. Kaup2, C.
Schlumbohm3, E. Fuchs3, H. D. Lauenstein1, 2, S. Knauf1, 2, K. Sewald1 and A.
Braun1. 1Fraunhofer ITEM, Hannover, Germany, 2German Primate Center,
Göttingen, Germany and 3Encepharm, Göttingen, Germany.
Current treatments for chronic obstructive pulmonary diseases (COPD) in humans
are often insufficient and have only minimal impact on diseases progression despite
world-wide rising incidence. It is thus important to develop reliable animal models
that closely reflect anatomy and physiology of the human respiratory tract. Hence,
to mimic pro-inflammatory aspects of COPD ex vivo and in vivo models based on
acute lipopolysaccharide (LPS) provocation were established in the marmoset monkey (Callithrix jacchus).
Marmoset whole blood (WB) samples as well as marmoset and human precision
cut lung slices (PCLS) were stimulated with LPS. Dose-response curves for roflumilast were determined in LPS stimulated marmoset and human PCLS. TNF-α
was measured in supernatants by ELISA and correlated with human data. In an in
vivo approach, marmosets were stimulated unilateral with 500 ng LPS intrabronchialy after 5-day oral treatment with roflumilast [7 μg/kg bw]. Untreated animals served as positive control. An ipsilateral bronchoalveolar lavage (BAL) was
performed 18 hrs post LPS provocation. BAL fluid was processed and analyzed for
neutrophilic influx and TNF-α secretion. Both, WB-assay and PCLS showed a
dose-dependent TNF-α response to LPS with significant correlation (r2=0.9).
Further, TNF-α release in marmoset PCLS significantly correlates with human
PCLS (r2=0.9). Roflumilast treatment reduced TNF-α secretion significantly ex
vivo in both species with comparable EC50 values (marmoset: 1.6 nM, human: 1.3
nM). LPS instillation in marmosets caused a strong respiratory inflammation as
shown by TNF-α increase and neutrophilic influx in BAL-fluid which in turn was
significantly suppressed by roflumilast. The correlation between marmoset and
human PCLS as well as the significant antiinflammatory effect of roflumilast in a
human relevant dose in vivo underlines the usefulness of the marmoset monkey as
an animal model for human inflammatory airway diseases.

2314
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COMPARATIVE EXPOSURE TO SOY BIODIESEL
EMISSIONS IN AN ALLERGIC MOUSE MODEL.

S. H. Gavett1, J. M. Cyphert2, M. J. Daniels1, E. H. Boykin1, L. B. Copeland1,
D. L. Andrews1, T. J. Smith1, I. Gilmour1 and M. A. Williams1. 1US EPA,
Research Triangle Park, NC and 2University of North Carolina at Chapel Hill,
Chapel Hill, NC.
We assessed the immunological effects following inhalation of emissions from
100% Soy biodiesel (S100) or a 20% mix with conventional petrodiesel (S20), in a
house dust mite (HDM) allergic Balb/cJ mouse model. Female mice (8/group)
were exposed whole body (4 hr/d, 5 d/wk, 4 wk) to emissions from S20 or S100 (0,
50, 150, or 500 μg/m3). On day 3 of exposure wk 1 and 2, mice were sensitized intranasally (i.n.) with HDM (0.70 antigen units of 1:1 Der f1: Der p1), while nonallergic mice received saline vehicle only.All mice were challenged i.n. with HDM
on day 3 of wk 4 (2 d prior to necropsy). 1 to 5 hr after the final exposure, allergic
mice were hyperresponsive to MCh aerosol (flexiVent: enhanced total lung resistance), but neither S20 nor S100 had any effect on this response. Allergic sensitization was assessed by allergen-recall responses in primary peribronchial lymph node
cells (LNC) and splenocytes (SPN), and measurement of cellular proliferation by
BrdU uptake, and allergic cytokine profiles. In non-allergic mice, 50 and 150
μg/m3 of S20 or S100 dampened proliferation of LNC (p<0.05) that was partially
restored by challenge with either Derf1 or Derp1. In vivo allergic sensitization was
evidenced by enhanced proliferation of LNC in comparison with non-allergic
counterparts. Exposures to all concentrations of S20 prevented allergen-driven proliferation of LNC cultures in comparison with filtered air controls. LNC from al-

ANTIINFLAMMATORY DRUG TESTING IN
MARMOSET MONKEY MODELS OF LPS-INDUCED
ACUTE LUNG INFLAMMATION.

CONTINUOUS INTRAVENOUS INFUSION IN
GENETICALLY ALTERED MICE.

H. van Wijk. Covance Laboratories Ltd, Harrogate, United Kingdom. Sponsor: S.
Kirk.
The advance of biologics and the use of various mouse strains, now currently available, have increased the demand for a mouse continuous intravenous infusion models. This presentation looks at the feasibility of continuous intravenous infusion
techniques in genetically altered mice.
The mdx (C57BL/10 Sc Sn-Dmdmdx/J) mouse strain is commonly used to research Duchenne muscular dystrophy as the mutant mouse does not express dystrophin. The mdx mutant has been used as a model for the human disease for over
twenty years. The mice, upon delivery (8 weeks old), have spontaneous necrosis of
the diaphragm, skeletal muscle and other muscle fibres. As the muscles are trying to
repair themselves, this leads to areas of fibrosis (hypertrophy). The mouse may
therefore have an unusual gait but will be mobile and capable of feeding and
grooming itself. Twenty four, 8 weeks old mice were used on this study. After an acclimation of 7 days, catheters were implanted into the vena cava via the femoral
vein. On completion of a recovery period of 7 days, infusion commenced for a period up to 7 days. During this time no adverse effects on respiration during anaesthesia or study phase or other complications were observed.
The nude mouse remains the experimental model of choice for testing the efficacy
anti-tumour agents. In the clinic, the anticancer agent, 5-FU, remains central to
chemotherapeutic regimes, being used to treat numerous solid tumours, including
breast, colorectal, head and neck cancers. One disadvantage of 5-FU is its relative
short half-life (10-20 min) following intravenous bolus administration where
plasma concentrations rapidly fall below the cytotoxic threshold, thus limiting its
efficacy. This can be alleviated by administering a continuous infusion of 5-FU to
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maintain the plasma levels. We have previously established a method for administering 5-FU by continuous intravenous infusion (by tail-cuff infusion) in the nude
mouse (van Wijk et al (2006)).
In conclusion, from our work over the last several years, we have demonstrated the
feasibility of drug administration, by continuous intravenous infusion, in at least 2
genetically altered mouse models.

2315

POTENTIAL ACTIVATION OF BONE MARROWDERIVED DENDRITIC CELLS BY NEVIRAPINE
AND/OR ITS METABOLITES.

X. Chen and J. Uetrecht. Faculty of Pharmacy, University of Toronto, Toronto, ON,
Canada.
Introduction: Nevirapine (NVP) is used to treat AIDS, but it is associated with a
high incidence of skin rash and liver toxicity. We found that it also causes skin rash
in the Brown Norway (BN) rats with similar characteristics of the rash in humans.
There is overwhelming evidence that the rash in BN rats is immune-mediated and
is similar to the mechanism in humans. Previous studies proved that oxidation at
the 12 position of NVP is required to induce a skin rash, and the treatment of BN
rats with the 12-OH-NVP metabolite also leads to a rash. We speculated that the
downstream metabolite, 12-sulphate-NVP, is responsible for the immune response.
Here we examined the possibility that NVP or its metabolites directly activate bone
marrow-derived dendritic cells (BMDCs). Methods and Results: Dendritic cells
were derived from bone marrow progenitors obtained from BN rats in the presence
of GM-CSF and IL-4. On day 8 of culture, they were stimulated with various concentrations of NVP, 12-OH-NVP, or 12-sulphate-NVP. Preliminary results showed
that the expression of CD40 increased significantly with increasing concentrations
of the 12-hydroxy and sulphate metabolites. In contrast, the expression of MHCII
decreased by 40% compared to controls. In addition, the parent drug only slightly
upregulated CD40. When BN rats received NVP at a dose of 150 mg/kg/day, an
upregulation of CD40, CD80, and CD86 were observed at different time points.
Conclusions: Preliminary results suggest that the two metabolites of NVP, 12-OHNVP, and its sulfate, can directly activate BMDCs, but the effect of NVP is not statistically significant. In addition to CD40, future studies will examine the effect on
other measures of antigen presenting cell activation such as CD80 and CD86, as
well as the release of pro-inflammatory cytokines such as IL-12 and TNF-α. Such
studies may explain why it was so easy to develop an animal model of NVP-induced skin rash, which is in contrast to other attempts to develop valid animal
models. This work was supported by grants from CIHR.

2316

BACKGROUND INCIDENCE OF EXPERIMENTALRELATED EVENTS ON INTRAVENOUS INFUSION
STUDIES IN RATS, BEAGLE DOGS, NONHUMAN
PRIMATES, AND GöTTINGEN MINI-PIG.

A. Prefontaine and C. Copeman. Toxicology, Charles River Preclinical Services,
Senneville, QC, Canada. Sponsor: M. Vézina.
Continuous or intermittent intravenous infusion via an indwelling catheter is used
in preclinical studies to mimic the proposed clinical route or achieve higher blood
drug levels than can be achieved by the defined clinical route. Awareness of background incidence of procedure-related complications plays an important role in the
overall interpretation of the study. Historical incidence of procedure-related deaths,
catheter repairs and rate of infection in rat, dog, mini-pig and primate IV infusion
studies of up to 9 months duration conducted over the past 5 years was compiled.
Post-operative pprocedure-related deaths have been maintained at a very low 1 to 2
% for rats and <1% for dogs, mini-pigs and primates. Cessation of dosing for a
given animal due to experimental-related complications in saline infused animals is
less or equal to 1%. Suboptimal delivery (catheter blockage or severing of the
catheter) are events reported in infusion studies but are maintained at a low incidence in our laboratories with good monitoring practices. Attrition rates due to
procedure-related complications have been addressed in some laboratories by increasing the study population. Our laboratories have instead maintained study populations comparable to non-infusion studies, in-line with NC3Rs objectives, and
perform surgical interventions for repair of a suboptimal delivery when needed.
The use of sterile procedures during surgery and precautions taken during study
conduct permit maintenance of very low infection rates (≤1%). These success rates
are also feasible with other relatively innocuous vehicles (eg. D5W or PBS) and are
similar for other infusion routes (subcutaneous, intrathecal, and other cerebrospinal
infusions). Based on this background data, the low incidence of infusion-related adverse events encountered in our laboratory allows conduct of regulatory compliant
studies with minimal experimental procedure-related interference for short or longterm infusion regimens.
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FEASIBILITY OF MEDAKA AS AN ANIMAL MODEL TO
STUDY FETAL VALPROATE SYNDROME.

M. Wu1, 2, I. A. Khan1, 3, 4 and A. K. Dasmahapatra1, 2. 1National Center for
Natural Product Research, University of Mississippi, University, MS, 2Department of
Pharmacology, University of Mississippi, University, MS, 3Pharmacognosy, University
of Mississippi, University, MS and 4Department of Pharmacognosy, King Saud
University, Riyadh, Saudi Arabia.
Valproic acid (VPA) is an antiepileptic, anticonvulsant drug and a teratogen induced fetal valproate syndrome (FVS) in human. FVS showed many phenotypic
and genotypic features common to autism spectrum disorder (ASD). We are developing medaka as an animal model to study ASD. Fertilized eggs of medaka at three
developmental stages were exposed to waterborne VPA (0-80 mM) in hatching solution for 48 h. The amount of VPA to cause 50% mortality (LC50) as observed 14
day post fertilization (dpf ) is found to be developmental stage-specific. The embryos were more sensitive to VPA in early stages of development than in the embryos at late stages. VPA exposed embryos have malformed neurocranium and cardiovasculature with delayed circulation, thrombus formation, and slow heart rate.
The hatching efficiency is also reduced due to developmental delay. The mRNA
analysis of several genes which are expressed during medaka embryogenesis, are
found to be altered after VPA exposure. This study indicates that medaka can be
used as a unique non-mammalian vertebrate model to study FVS.

2318

3RS: A REFINEMENT STRATEGY FOR ACUTE ORAL
TOXICITY TESTING.

K. Hempel, T. Kaufmann, R. Landsiedel and B. van Ravenzwaay. Experimental
Toxicology and Ecology, BASF SE, Ludwigshafen am Rhein, Germany.
In contrast to pharmaceuticals, testing for acute oral toxicity is still required for
chemicals, agrochemicals, and their formulations for classification and labeling. By
introducing the ATC method animal numbers could be significantly reduced during the last decades, while using cytotoxicity assay as suggested by ICCVAM (ICCVAM Report 07-4519, 2006) to predict starting doses unfortunately did not contribute to savings in animal numbers in our laboratory (Schrage, A. et al. ATLA 39,
273-295, 2011). With the aim of continuously improving animal welfare and 3Rs
we searched for other possibilities of reducing and refining animal experiments in
the field of acute oral toxicity. Thus, we have evaluated a data set of more than 200
acute oral studies performed for registration of chemicals, agrochemicals and formulations in two different laboratories to identify further opportunities for savings
in animal numbers. We compared LD50 values, clinical signs and dose escalation
procedure. Each dosing step and information obtained thereof was evaluated with
respect to its contribution to the final result for classification category. Clinical
signs were evaluated and ranked for their importance the selection of the next suitable dose. This approach revealed a clear potential for animal savings. Most convincing were the data with regard to the required repeated confirmatory dose level.
Our data demonstrated that repeating the same dose level in the cases were the final
dose level has been reached or in-between can be avoided. Since the new approach
leads to the same category of classification and thus the same labeling level it provides sufficient confidence for regulatory bodies with a potential animal saving of
15-40 % in the different cases defined in our data.
Based on the evaluated data a different staggered testing approach is proposed and
should be included into the Annex of OECD 423 guideline, ATC method.
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OPTIMIZATION AND EVALUATION OF AN EX VIVO
MOUSE PERITONEUM MAST CELL DEGRANULATION
ASSAY TO EVALUATE POTENTIAL PROTEIN
ALLERGENICITY.

S. Karaman1, V. Peachee2, G. Ladics1 and K. White2. 1Pioneer Hi-Bred
International, Inc., DuPont Agricultural Biotechnology, Ankeny, IA and 2ImmunoTox
Inc., Richmond, VA.
Mast cells play a critical role in IgE dependent allergy pathogenesis. During sensitization, allergen specific IgE binds to FcεRI receptors present on mast cells. Upon
subsequent encounter with the same allergen or cross-reactive allergens, allergenspecific IgE antibodies are cross-linked leading to degranulation and release of various pro-inflammatory mediators (histamine, serotonin, chymase, tryptase, β-Nacetylglucosaminidase, etc.). A model utilizing mast cell degranulation could
potentially be useful in evaluation of the biologically relevant allergenic potential of
novel proteins. The objective of this study was to optimize the isolation of mast
cells from the peritoneum of Balb/c mice, to quantify degranulation in vitro and to
subsequently evaluate the model using a known protein allergen, ovalbumin
(OVA). The isolation procedure was optimized by testing different combinations of
the centrifugation speed, duration and percoll density to maximize the mast cell

yield. The release of both tryptase and β-N-acetylglucosaminidase were compared
as markers for mast cell degranulation and β-N-acetylglucosaminidase was found to
be more sensitive. Following optimization, Balb/c mice were treated intraperitonealy with OVA in combination with alum to maximize mast cells with surface
bound anti-OVA IgE antibody. Peritoneal mast cells were isolated and subsequently
challenged in vitro with and without OVA. Mast cells derived from OVA-treated
mice and subsequently challenged in vitro with OVA were anticipated to release
more β-N-acetylglucosaminidase compared with either mast cells not challenged
with OVA or mast cells from untreated mice and challenged with OVA. A larger set
of both allergenic and non-allergenic proteins is being evaluated to further investigate the specificity of this approach.

2320

SURAMIN PROMOTES RECOVERY FROM GLYCEROLINDUCED ACUTE KIDNEY INJURY.

M. Korrapati, B. E. Shaner and R. G. Schnellmann. MUSC, Charleston, SC.
Acute kidney injury (AKI) is a common and potentially life-threatening complication following ischemia/reperfusion and exposure to nephrotoxic agents. Suramin
promotes recovery from ischemia/reperfusion-induced AKI in mice particularly
after renal injury has already been established. In this study, we examined the efficacy and mechanism of suramin in glycerol-induced AKI, a model of rhabdomyolysis-induced AKI. Following intramuscular glycerol injection into male Sprague
Dawley rats, serum creatinine levels maximally increased at 24 h, remained elevated
until 72 h and then decreased at 120 h. Suramin (1 mg/kg, iv) administered 24 h
after glycerol injection, accelerated recovery from glycerol-induced AKI as evidenced by a decrease in serum creatinine and urinary glucose 72 h after glycerol injection. These findings were corroborated by decreased renal kidney injury molecule-1 and improved histopathology. Quantitative PCR studies revealed increased
tumor necrosis factor-α, interleukin-1β (IL-1β) and IL-18 mRNA after glycerol injection, and suramin treatment decreased IL-1β and IL-18 at 48 h compared to
glycerol alone. These cytokines along with transcription factor nuclear factor κB
(NFκB) mediate increased expression of the intracellular adhesion molecule-1
(ICAM-1) in endothelial cells in AKI. NFκB and ICAM-1 protein, and leukocyte
infiltration increased following glycerol injection, and suramin treatment decreased
activated NFκB and ICAM-1, and leukocyte infiltration at 72 h compared to glycerol alone. Suramin also lowered renal TGFβ-1 expression, a key growth inhibitor,
and increased renal cell proliferation, as evidenced by increased PCNA localization
in proximal tubular epithelial cells, when compared to glycerol-alone. We suggest
that suramin accelerates recovery from glycerol-induced AKI by decreasing renal inflammation and increasing nephrogenic repair.

2321

EXTRAHEPATIC UGT1A1 EXPRESSION PLAYS AN
IMPORTANT ROLE IN BILIRUBIN HOMEOSTASIS.

S. Chen1, N. Nguyen1, R. Fujiwara1 and R. H. Tukey1, 2. 1Pharmacology,
University of California San Diego, La Jolla, CA and 2Chemistry & Biochemistry,
University of California San Diego, La Jolla, CA.
UDP-glucuronosyltransferase 1A1 (UGT1A1) is the sole enzyme responsible for
bilirubin glucuronidation, the rate-limiting step for bilirubin clearance. Deletion of
the Ugt1 locus and all 9-Ugt1a genes, including Ugt1a1, leads to severe hyperbilirubinemia in Ugt1-/- neonatal mice. The Ugt1-/- newborns can be easily identified by
their unique orange skin color, resulting from the inability to clear total serum
bilirubin (TSB). This mutation is neonatal lethal within 7 days, resulting from
bilirubin induced neurological dysfunction (BIND) with TSB levels in the 15-20
mg/dL range. Expression of the human UGT1 locus in a Ugt1-null background
(hUGT1 mice) rescues neonatal lethality, but hyperbilirubinemia with TSB levels
in the 10-15 mg/dl range still develops in neonatal hUGT1 mice. The rescue is not
associated with hepatic UGT1A1 expression; instead, UGT1A1 gene expression in
the gastrointestinal tract plays an important role in preventing BIND. To examine
specifically the role of hepatic bilirubin glucuronidation towards the prevention of
BIND, we positioned Cre-recombinase specific lox P sites to flank exons 3 and 4 of
the Ugt1 locus (Ugt1F/F mice). When Ugt1F/F mice were then crossed with albuminCre mice, the resulting offspring inherited deletion of the Ugt1 locus specifically in
liver (Ugt1ΔHep mice). Deletion of the Ugt1 locus and the Ugt1a1 gene in liver tissue
from Ugt1ΔHep mice was validated by lack of hepatic mRNA expression coupled
with functional deletion by immunoblot and catalytic analysis. Interestingly,
Ugt1ΔHep mice show no visible abnormalities, mature to adulthood, with TSB levels
in the 2-3 mg/dL range that develop shortly after birth and remain at this level as
adults. The dramatic differences in TSB accumulation as noted between Ugt1-/- and
Ugt1ΔHep mice implicate an important role for extrahepatic bilirubin glucuronidation by UGT1A1 towards clearance and the development of hyperbilirubinemia.
(Supported by USPHS grant GM086713 and P42ES010337)
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NEBULIZED THIOCYANATE IMPROVES HOST
DEFENSE IN A MOUSE MODEL OF P. AERUGINOSA
LUNG INFECTION.

J. Chandler1, 2, E. Min2, S. Gauthier2, D. Nichols2, 3 and B. J. Day1, 2.
1Pharmaceutical Sciences, University of Colorado Denver, Aurora, CO, 2Medicine,
National Jewish Health, Denver, CO and 3Pediatrics, National Jewish Health,
Denver, CO.
Nebulized normal saline and hypertonic saline are used in the treatment of a number of pulmonary diseases such as cystic fibrosis, asthma, and COPD. Benefits of
these therapies include improved lung function and mucus clearance and fewer
lung infections in susceptible groups. Recent research has shown that thiocyante
(SCN) has both antioxidant and host defense effects and is a normal component of
the lung epithelial lining fluid (ELF). Pulmonary epithelia secrete SCN onto their
apical surface as a buffer against oxidative and pathogenic stress. We demonstrated
that SCN acts as an antioxidant by protecting cells from hypochlorous acid
(HOCl), a major product of neutrophil myeoperoxidase, and cells deficient in SCN
export are more vulnerable to HOCl. We exposed C57Bl/6 mice to nebulized isotonic SCN (0.5%) and characterized its pharmacokinetics. Nebulized SCN increased ELF levels more than ten-fold immediately after treatment (Cmax=2.3
mM) and cleared with an apparent half-life of 4 hours. Plasma SCN concentrations
were lower but mirrored the ELF at each time point. We treated mice infected with
Pseudomonas aeruginosa using a chronic exposure fibrin plug model with either
isotonic SCN or normal saline starting 24 hours after infection and then twice daily
up to 72 hours. Mice given isotonic SCN rapidly regained bodyweight lost during
the first 24 hours of infection and had significantly reduced neutrophilic inflammation and peroxidase activity after 72 hours compared to mice given normal
saline. In addition, isotonic SCN promoted greater bacterial clearance than in untreated mice. SCN is a strong candidate for supplementation as adjunct therapy in
patients suffering from lung infection or under chronic oxidative stress and inflammation, as in cystic fibrosis and other infectious diseases of the lung. This study was
funded by NIH grant HL084469.

2323

DEVELOPMENT AND EVALUATION OF AN LPS
AIRWAY INDUCTION MODEL IN THE CYNOMOLGUS
MACAQUE.

A. Curran2, M. Perpetua3 and G. Bannish1. 1Biopharmaceutical Development,
Huntingdon Life Sciences, East Millstone, NJ, 2Inhalation Toxicology, Safety
Assessment, Huntingdon Life Sciences, East Millstone, NJ and 3Huntingdon Life
Sciences, East Millstone, NJ. Sponsor: C. Auletta.
Pulmonary inflammation is associated with multiple human airway disease states
including chronic obstructive pulmonary disease (COPD), asthma, emphysema,
and cystic fibrosis. We developed a lipopolysaccharide (LPS)-induced airway inflammation model in cynomolgus macaque that may be useful to mimic some aspects of these conditions. Multiple LPS doses were administered via different routes
including endotracheal (ET) and intravenous (IV). At various timepoints following
dosing, blood and/or bronchioalveolar lavage fluid (BALF) samples were collected
and evaluated for cellularity and expression of the cytokines IL-2, IL-4, IL-5, IL-6
IFN-γ, and TNF-α. The tracheal (ET) dosing of LPS resulted in a systemic acute
inflammatory response, exemplified by an increase in concentration of monocytes
and granulocytes in the BALF and the blood samples. ET treatment of LPS resulted
in a sharp but transient increase in granulocyte and monocyte concentrations in the
blood at T=6 hours that decreased to predose levels at T=24 hours. In contrast, a
sharp influx of cells in BALF fluid at T=6 hours was sustained through T=24 hours
in the BALF samples. Pretreatment with the anti-inflammatory agent dexamethasone prior to LPS administration decreased the overall influx of granulocytes and
monocytes into the lungs as seen in the BALF. A flow cytometric panel containing
CD3, CD16, CD20, CD8, CD4, CD14, CD32, CD25, and CD11b determined
an influx of granulocytic cells and had reduced expression of CD32. In addition, ex
vivo cellular assays were developed and validated to assess phagocytic ingestion and
induction of the respiratory burst for future functional analysis of cell subsets
within BALF. In summary, this model is able to investigate test article-related immunological effects on the inflammation induced with inhaled LPS.

2324

PREWEANING OR LIFE-LONG ORAL MANGANESE
EXPOSURE PRODUCES LASTING AND CHRONIC
REDUCTIONS IN SKILLED FORELIMB USE IN ADULT
RATS: A MONTOYA STAIRCASE EVALUATION.

S. A. Beaudin, S. Nisam and D. Smith. Department of Microbiology and
Environmental Toxicology, University of California Santa Cruz, Santa Cruz, CA.
Motor impairment is a prominent feature of adult manganese (Mn) neurotoxicity
in humans, but the extent and magnitude of motor deficits in adults following early
life Mn exposure has not been characterized. Here we used the Montoya staircase
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food pellet retrieval task to evaluate basal ganglia control of fine motor function.
Fifty five male rats (n=11/group) were orally dosed with 0, 25, or 50 mg Mn/kg/d
over PND 1-21 only, or lifelong from birth. Staircase evaluation began at ~4
months of age and proceeded daily for ~1 month; behavior also was rated during
each daily 10 minute trial. Motor skill learning was normal in all treatment groups,
though cooperative behavior was impaired across Mn exposure conditions, except
in the pre-weaning 25 mg Mn/kg/d group. Staircase step-by-step analyses uncovered impairments in skilled forelimb use as a result of Mn dosage and duration examined, specifically on difficult to reach steps of the staircase. Notably, the lifelong
25 mg Mn/kg/d group was most impaired at the task, displaying reduced motor
control on all lower steps, followed by the lifelong 50 mg Mn/kg/d group and the
pre-weaning 50 mg Mn/kg/d group, both of which displayed more selective motor
difficulties on only difficult to reach steps. Collectively, these results indicate that
fine motor function in adulthood is impacted both by lifelong or early life Mn exposure. Forthcoming neurobehavioral evaluations of the studied cohort will further
examine if non-motor functions such as attention, learning, and memory also are
vulnerable to the neurotoxicity of lifelong or early life Mn exposure. Knowledge
gained from detailed neurobehavioral assessments will contribute to understanding
the neuronal and neurochemical specificity of resultant behavioral vulnerabilities
due to neonatal Mn exposure.

2325

IRREVERSIBILITY OF FIBROSIS AND
PRENEOPLASTIC HEPATOCELLULAR FOCI BY
OXIDATIVE STRESS AND HYPOXIA IN THE LIVER OF
NONALCOHOLIC STEATOHEPATITIS RATS.

A. Takeuchi, T. Noto, M. Matsumoto and Y. Miyamae. Drug Safety Research
Lab., Astellas Pharma Inc., Osaka-shi, Osaka, Japan. Sponsor: J. Yanase.
Nonalcoholic steatohepatitis (NASH), a disease with histological features resembling alcoholic hepatitis in the absence of alcohol abuse, is characterized by a combined pathology of steatosis, lobular inflammation, fibrosis, and hepatocellular degeneration, with systemic symptoms of diabetes or hyperlipidemia. The recently
noted increase in patient numbers is thought to be related to the increasing prevalence of obesity and metabolic syndrome. Given the therapeutic importance of reversing the above-mentioned pathology, we investigated the reversibility of NASHrelated findings in Wistar rats fed choline-deficient and iron-supplemented
L-amino acid-defined (CDAA) diet for 12 weeks with a recovery period of 7 weeks.
Analysis showed that aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels had decreased to normal levels within four weeks into the recovery period, and steatosis was recovered and inflammation was almost completely resolved by the end of the recovery period. In contrast, fibrosis and
glutathione-S-transferase, placental form (GST-P)-positive foci remained even after
7 weeks’ recovery with an extent similar to that in CDAA fed animals before the recovery period (at 12 weeks). Immunohistochemical investigation revealed that expression of some factors indicating oxidative stress (8-OHdG and HO-1) had completely disappeared after the recovery period, while expression of other factors such
as CYP2E1 and hypoxic markers in the hepatocyte and 4-HNE in the inflammatory foci were still observed even after the recovery period. Contrary to our expectations, alpha-SMA-positive hepatic satellite cells were no longer detected, whereas
no reduction was noted in MMP-9, which indicated extracellular matrix degradation, during the recovery period. In conclusion, the period required to resolve fibrosis and preneoplastic lesions may be longer than that needed for steatosis and inflammation, probably due to prolonged oxidative stress and hypoxic stimulation.

2326

DIFFERENCES IN HEPATOTOXICANT-INDUCED
CHANGES IN HEPATIC GENE EXPRESSION IN
HUMAN HEPATOCYTES IN VITRO AND IN THE LIVER
OF CHIMERIC PXB-MOUSE®.

S. Nagatsuka1, S. Ninomiya1, M. Kakuni2, C. Tateno-Mukaidani2, T. Shimada2
and Y. Yamazoe3. 1ADME &TOX. Research Institute, Sekiui Medical, Co., Ltd.,
Tokai-mura, Ibaraki, Japan, 2Phoenix Bio, Co., Ltd., Higashi-Hiroshima,
Hiroshima, Japan and 3Graduate School of Pharmaceutical Sciences, Tohoku
University, Sendai, Miyagi, Japan. Sponsor: T. Miyaoka.
Chimeric PXB-mice, in which more than 70% of hepatic parenchymal cells are replaced by human hepatocytes, is a unique animal model that mimics human-type
metabolism against various drugs. This animal model has a potential to bridge the
gap between rodent-type and human-type livers and to explain the difference of in
vivo and in vitro response of human hepatocytes against hepatotoxicants. In order
to compare the early response against hepatotoxicant treatment in human hepatocytes in vivo and in vitro, we have analyzed changes in hepatic gene expression in
PXB-mice by using acetaminophen which causes hepatic necrosis, aspirin which
causes steatosis and flutamide which causes steatohepatitis, in humans. These drugs
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were orally administered to PXB-mice thee-times daily at high doses (ca. 20% of reported LD50), followed by hepatic total RNA preparation and gene expression
analyses using oligonucleotide microarray chips. These results were compared with
corresponding results obtained from human hepatocyte studies in a database, Open
TG-GATEs (http://toxico.nibio.go.jp) established by Toxicogenomics Project and
Toxicogenomics Infomatics Project conducted in Japan. The difference in hepatic
gene expression in hepatocytes in vivo and in vitro will be discussed in terms of various biological pathways such as oxidative stress response, inflammation or fatty
acid and steroid metabolism.

2327

A NOVEL SERIES OF ENDOTHELIN-A RECEPTOR
ANTAGONISTS SHUTS DOWN PRETERM BIRTH IN
THE ANIMAL MODEL: A LOOK AT MECHANISMS
AND ALTERED GENE EXPRESSION.

N. S. Olgun1, 2, R. Stephani1, H. J. Patel1, N. Hanna2 and S. E. Reznik1.
1Pharmaceutical Science, St. John’s University, Jamaica, NY and 2Pediatrics, Winthrop
University Hospital, Mineola, NY.
Defined as any birth occurring prior to 37 weeks’ of gestation, preterm birth (PTB)
accounts for approximately 13% of all live births in the United States each year and
is a leading cause of infant mortality. The single most common cause of spontaneous preterm birth is intrauterine infection in the mother (40%). Endothelin-1
(ET-1) is a potent vasoconstrictor peptide which is upregulated by inflammatory
cytokines in the presence of infection, and is capable of causing an increase in myometrial tone, ultimately leading to premature delivery. In our previous work, we
have shown that our novel series of 1-3-6-trisubstituted-2-carboxy-quinol-4-ones
act as highly selective Endothelin-A receptor antagonists (ETA-RAs). We have also
shown that in C57Bl/6 mice, HJP-286, the n-propyl analogue, and HJP-272, the
prototype compound, successfully shut down PTB at doses in which we see no toxicity in the mother. Currently, we aim to elucidate the pathway by which these
compounds act on the uterus, ultimately leading to the prevention of PTB. In order
to simulate infection, mice were injected i.p. with LPS, a major component of the
outer wall of Gram-negative bacteria, and were then injected with either an ETARA, or PBS 10 hours later. Toll-like receptor 4 (TLR4) is a transmembrane protein
capable of recognizing and responding to gram-negative bacteria, initiating the innate immune system in the host against non-self. Using qRT-PCR and examining a
panel for 84 genes associated with infection and TLR4-mediated inflammation, we
are able to identify the pathways affected by our novel compounds at the level of
gene transcription. Using Bioplex, we are also able to measure inflammatory cytokines in treated vs control groups at the protein level. It is our hope that these
compounds may one day affect the way pregnant women presenting with PTB are
treated, as there is currently no FDA approved therapy for this very important clinical disorder.
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USE OF 3-CHLOROPROPANEDIOL AS A POSITIVE
CONTROL FOR INVESTIGATING CEREBRAL EDEMA
IN MOUSE MODELS OF ALZHEIMER’S DISEASE
USING MAGNETIC RESONANCE IMAGING.

W. Angus, J. Goodman, G. Freeman, T. Brown, P. Chou, M. Marzano and K.
Bales. Pfizer Inc., Groton, CT.
Magnetic resonance imaging (MRI) is used in Alzheimer’s disease (AD) clinical trials to monitor for microhemorrhage (MCH) and vasogenic edema (VE).
Experimental AD therapies targeting removal of amyloid beta (Aβ) are associated
with increased VE. Here is a mouse model system using CD-1, two transgenic
mouse strains with AD-like pathology (PSAPP and Tg2576), and wild type littermates (WTL). Mice were given a single dose of 3-chloropropanediol (3-CPD) and
monitored for VE using MRI. Doses of 3-CPD were titrated in CD-1 mice to an
MTD of 70 mg/kg. Clinical signs were evaluated, and animals imaged after 1 week
for edema and MCH. Tg2576, PSAPP, and WTL mice were similarly evaluated at
70 and 35 mg/kg, but MRI was at 24 hours and 1 week postdose. Brains were collected after the final imaging session, and evaluated histologically using hematoxylin & eosin, Perl’s iron stain, and immunohistochemical methods for Aβ and
albumin. MRI hyperintensities (edema) were observed only at 70 mg/kg. MRI hypointensities (MCH) were observed in all PSAPP mice and in a few Tg2576.
Albumin-negative vacuolations were seen in brain sections corresponding to MRI
hyperintensities, suggesting non-proteinaceous edema. Perls’ iron stain confirmed
iron in brain sections corresponding to MRI hypointensities. The pattern/location
of edema after 3-CPD administration was specific and consistent within/between
the mouse strains, suggesting that it is a useful positive control for evaluating

edema. Also, the 3-CPD-induced edema can be monitored over time for resolution
without sacrificing the animal, so that longitudinal studies are feasible. This model
has the potential for evaluating the preclinical safety of Aβ-lowering therapies with
regard to detection of VE, and offers the advantages of longitudinal studies while
holding to the principles of the 3 Rs for animal research – replace, refine, and reduce.
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DEVELOPMENT OF A RECOVERY PIG MODEL OF
PHOSGENE-INDUCED LUNG INJURY.

S. Graham1, S. Fairhall1, B. Jugg1, R. Perrott1, T. Mann1, S. Rutter1, P.
Marshall1, A. Smith1 and A. Sciuto2. 1Biomedical Sciences, Dstl, Salisbury, United
Kingdom and 2USAMRICD, Aberdeen Proving Ground, MD.
The toxic industrial chemical (TIC) phosgene (CG) is a reactive intermediate used
in a wide range of industrial processes. Exposure to high concentrations of CG results in an asymptomatic period prior to development of pulmonary edema.
Currently no medical countermeasures exist for such poisoning, treatment being
supportive in an intensive care setting. Evidence based treatment guidelines are
needed to assist health care practitioners in the event of accident/deliberate release.
Small animal models have been used to screen candidate therapies, extrapolation of
therapeutic benefit to man requires verification in a larger animal model e.g. the
pig. There is therefore a requirement to develop a conscious large animal model of
CG-induced lung injury in which to verify efficacious treatments. If successful this
model will allow assessment of therapeutic interventions to TICs in a species closer
to man.
Methods. Following a period of habituation, animals were surgically prepared to
allow blood and physiological measurements to be taken (via exteriorized catheters
attached to a tethering system). After surgical recovery (1 week) and baseline measurements (1 week) animals were exposed to either air (n=2) or phosgene (n=2)
whilst under anaesthesia, then immediately recovered and monitored for 24 h.
Results. Two air-exposed animals and 1 phosgene-exposed animal were successfully
recovered and monitored to 24 h post-exposure. The phosgene-exposed animal had
a mild phosgene-induced lung injury at 24 h compared to air-exposed controls,
demonstrated by reduced arterial blood oxygenation and oxyhemoglobin levels,
and gross pathology. The second phosgene-exposed animal died from an overwhelming phosgene injury immediately post exposure.
Conclusion. The feasibility of the unique model has been demonstrated; however,
further method development is required to achieve a dose of phosgene producing a
more severe but non-lethal injury at 24 h in which to test therapeutic candidates.

2330

NEED FOR ACCLIMATIZATION OF RATS TO
RESTRAINT FOR NOSE-ONLY INHALATION
EXPOSURE.

Y. Staal1, P. van Loo2, J. Arts3, J. van Triel1 and H. Muijser1. 1TNO Triskelion,
Zeist, Netherlands, 2TNO, Zeist, Netherlands and 3Akzo Nobel NV, Arnhem,
Netherlands. Sponsor: R. Woutersen.
Nose-only (or snout-only) exposure of rodents requires restraint of the animals in
restraining tubes which may induce stress, and affect the outcomes of the study.
However, it is unclear if acclimatization to the restraint (mentioned in the 2009
version of the OECD guidelines on acute, sub-acute and sub-chronic inhalation
studies) will reduce the stress during exposure and which acclimatization procedure
should be followed. A stress induced increased breathing rate results in a higher
amount of inhaled test compound and therefore (adverse) effects may be seen at a
lower concentration than in unrestrained animals. Therefore, we measured breathing frequency and tidal volume and calculated ventilatory flow in animals placed in
Battelle tubes on three consecutive days for about 30 minutes. These three parameters did not show a trend over time, which shows that if breathing parameters
change under restrain than these changes do not diminish after repeated restraint.
In addition, as a sensitive overall parameter, we measured body weights of sham-exposed animals daily from the week before the start of a repeated-dose (28-day) inhalation study, until a week after the start of the study. Thereafter, animals were
weighed once weekly. Compared to non-restrained animals (sham-controls from a
dietary study), restrained animals showed a diminished body weight gain after the
start of exposure. The lower body weight persisted, but did not aggravate either,
until the end of the exposure period and until the 5th week of the recovery period.
This demonstrated that the difference in body weight between restrained and nonrestrained animals will not disappear during an acclimatization procedure of even a
few weeks. Therefore, acclimatization to restraining of rats for inhalation studies is
considered not effective to reduce possible stress and therefore not considered of
added value.
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ACETAMINOPHEN ABSORPTION TEST: A METHOD
FOR THE EVALUATION OF GASTRIC EMPTYING IN
CYNOMOLGUS MONKEY.

R. Forster1, A. El Amrani1, S. Loriot1, R. Michaud1, A. Bétat1, J. Descotes2 and
J. Legrand1. 1CiToxLab France, Evreux, France and 2Poison Center, Lyon, France.
Gastric emptying is a major parameter influencing the rate of absorption of orally
administered compounds. Some of the adverse clinical signs observed in large animals in preclinical safety assessment programs, such as nausea or vomiting, can be
related to a delay in gastric emptying rather than a direct systemic effect of the test
items. The purpose of the present study was to evaluate gastric emptying in the
cynomolgus monkey using the acetaminophen absorption test. Acetaminophen (60
mg) was administered to 2 male and 2 female cynomolgus monkeys by the oral
route. Immediately after administration, the animals received an intravenous administration of either vehicle (0.9 % NaCl) or the antiemetic and gastroprokinetic
agent, metoclopramide at 2 mg/kg. Blood samples were taken for determination of
plasma concentrations of acetaminophen before administration and 10, 20, 30, 45,
60, 90, 120, 240 and 360 minutes after administration.
The Tmax corresponding to the time of the highest plasma concentrations of acetaminophen was 90 min after administration for animals subsequently receiving vehicle (Cmax, 2441 ng/ml) and 30 min after administration for animals receiving
metoclopramide (Cmax, 6333 ng/ml). The AUC values were 6039 and 8399
ng.h/ml for the vehicle and metoclopramide treated monkeys respectively. When
compared to the vehicle, administration of metoclopramide resulted in significant
increases in the constant of absorption (Ka, p<0.05) and significant shortening of
the half life of absorption (t1/2a, p<0.01). These findings are consistent with a
marked increase in the gastric emptying rate after the administration of metoclopramide.
Our results support the utility of the acetaminophen absorption test in the
cynomolgus monkey for the evaluation of gastric emptying in pre-clinical development.

2332

HUMAN FCGRIIA TRANSGENIC MICE AS A SUITABLE
MODEL FOR STUDYING THROMBOSIS.

M. Otieno1, L. Price2, Y. Callejas1, A. Love1, Y. Song1, J. Tamura2, L. LehmanMcKeeman1 and E. Janovitz1. 1Discovery Toxicology, Bristol-Myers Squibb,
Princeton, NJ and 2Discovery Biology, Bristol-Myers Squibb, Hopewell, NJ.
Mice expressing hFcgRIIa have been used to study thrombosis by the anti-CD40L
monoclonal antibody (mab) M90/sCD40L immune complex (IC). To evaluate
their predictive potential, the mice were characterized with hu5c8 mab that caused
thromboembolism (TE) in humans. We hypothesized that TE was caused by ICmediated binding of Fc to FcgRIIa on platelets resulting in activation/aggregation.
Activation, measured as increased expression of CD62P and Jon/A, was noted with
5c8/sCD40L IC at molar ratios of 1:0.5 to 1:8 with maximal activity of 80% at
1:1, and was specific to FcgRIIa mice. There was no platelet activation with
sCD40L or 5c8 alone, nor with 5c8-F(ab)2/sCD40L IC thus supporting the hypothesis. To evaluate TE in vivo, mice (6-8/group/timepoint) were injected IV with
PBS, 5c8-IgG1 or 5c8-F(ab)2/sCD40L IC with histologic evaluation of a section
of the left lung at 10 min, 60 min, or 120 min post-dose. Thrombi were detected
only in FcgRIIa mice with 5c8-IgG1, and not 5c8-F(ab)2, but with a low incidence
at 60 and 120 min (1/6 or 3/8), and a higher incidence at 10 min (4/6). To evaluate reproducibility of the results and to enhance detection of thrombi, subsequent
experiments were conducted with larger group sizes (~10-15/group), necropsy at 10
min, and histologic evaluation of the whole lung. With the revised conditions there
was an overall increased incidence in thrombi (70 to 90%) with treatment that was
no longer specific to hFcgRIIa mice, and also occurred with PBS-treatment at an
incidence (20 to 50%) that confounded interpretation of the treatment group.
Findings with PBS-treatment were also observed by IP injection and the nature of
the thrombi was indistinguishable from treatment groups (platelet rich with no
signs of reorganization). In conclusion, mice expressing hFcgRIIA are useful for exvivo evaluation of platelet activation, however, they may be highly sensitive to
platelet perturbations and not suitable for evaluating thrombosis in vivo under the
described conditions.

2333

UTILITY AND TRANSLATABILITY OF RODENT
TESTICULAR MIRNAS AS POTENTIAL TESTIS INJURY
BIOMARKERS.

H. Lin1, R. Chapin2, J. Aubrecht2 and S. Ramaiah1. 1DSRD, Pfizer Inc.,
Cambridge, MA and 2DSRD, Pfizer Inc., Groton, CT.
Assessment of new drug effects on the testis is currently based primarily on
histopathology, which is invasive and time-consuming, is incompatible with longitudinal monitoring, and is not useable in the clinic. MicroRNAs (miRNAs), a new
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class of potential biomarkers, when measured in blood, are non-invasive, accurately
measurable and might translate between preclinical and clinical studies. In our
search for testis-specific miRNA, we found the literature confused and contradictory, so we profiled 74 miRNAs identified from literature in major tissues in the rat
using ABI custom miRNA TaqMan low density array. Several X-linked miRNA
clusters were identified as testis enriched. However, because of the rapid evolution
of mammalian X-linked testis miRNAs, these X-linked miRNA clusters are only
partially conserved in human. To refine our prediction, a computational analysis
was performed to determine the functional conservation of testis miRNA clusters
between rat and human. Target gene analysis of rat miRNAs and human miRNA
orthologues was performed with TargetScan 5.2, and a biological network analysis
was performed using GeneGo MetaCore. Comparison of networks between target
gene sets of the non-conserved rat miR-463/human miR-888 cluster and the partially conserved rat/human miR-506 family showed the exclusive enrichment in
Cell adhesion, FSH-beta, Development_Neurogenesis, and Cell cycle, which indicated the important roles of testis enriched miRNA cluster/family in Sertoli-germ
cell interaction/function and spermatogenesis. Interestingly, the comparison of enriched biological networks of a conserved non-testicular-exclusive rat/human miR424_450 cluster showed a broad functional involvement in DNA damage,
Cytoskeleton, Cell cycle, and Inflammation. In summary, although with high evolutionary rates between rat and human orthologous testis miRNAs, our results
demonstrate the functional conservation and potential translatability of testis
miRNAs as testis injury biomarkers.

2334

SMALL-MOLECULE INHIBITION OF THE PI3K BETA
ISOFORM CAUSES TESTICULAR TOXICITY IN THE
RAT.

J. Wisler1, M. Lafleur1, J. Lawrence1, B. Russell1, J. Pretorius1, C. Afshari1, S.
Wannberg2, D. Metz2, K. Henne3 and J. Werner1. 1Comparative Biology and
Safety Sciences, Amgen, Thousand Oaks, CA, 2Inflammation Research, Amgen,
Thousand Oaks, CA and 3Pharmacokinetics and Drug Metabolism, Amgen, San
Francisco, CA.
Class IA phosphoinositide 3-kinase (PI3K) alpha, beta, and delta isoforms are heterodimers composed of a catalytic subunit (p110 alpha, beta or delta isoforms) and
an adaptor protein. Spermatogenesis is dependent on the stem cell factor (SCF)/ckit/PI3K/AKT signaling pathway in spermatogonia which leads to spermatogonia
proliferation and differentiation. Male mice expressing catalytically inactive p110
beta isoform have testicular atrophy and impaired spermatogenesis (Ciraolo et al.,
2010). Furthermore, spermatogonia isolated from p110beta inactivated mice fail to
phosphorylate AKT in response to SCF indicating that the beta isoform is important in this signaling pathway. We expanded further on these transgenic mouse data
to evaluate the in vivo pathogenesis of PI3K beta inhibition in the rat. In 4, 14
and/or 28 day male rat toxicity studies with small molecule inhibitors of PI3K, we
observed Sertoli cell (cytoplasmic vacuolation) and germ cell (maturation arrest)
toxicity when plasma exposure exceeded the PI3K beta isoform IC50. To further
understand the role of the p110 beta isoform in rat spermatogenesis, we used in situ
hybridization (ISH) and a functional spermatogonial assay using SCF-induced
phosphorylation of AKT in c-Kit positive spermatogonia. Using ISH, p110 beta
mRNA expression in the rat testes was shown to be associated with Sertoli cells;
however, expression in Sertoli cells may have masked the expression of p110 beta in
other cells at the base of tubules (e.g. spermatogonia). The results of the functional
spermatogonial assay showed that PI3K beta IC50 significantly correlated with rat
spermatogonial pAKT IC50. Taken together, these data suggests that PI3K beta inhibition leads to testicular toxicity in rats by two potential mechanisms: 1) direct
Sertoli cell toxicity; and 2) disruption of c-kit/PI3K/AKT signaling in spermatogonia leading to maturation arrest.

days) and euthanized 24 hours post-treatment (hpt) or 28 or 45 days (dpt).
Spermatozoa were obtained from cauda epididymis-vas deferens and evaluated for
sperm quality, spontaneous and induced acrosome reactions (AR; Coomassie staining), mitochondrial membrane potential (JC-1), DNA damage (Comet assay), oxidative damage (malondialdehyde production-MDA) and in vitro fertilization; erythrocyte acetylcholinesterase (AChE) activity was also determined. At 24 hpt, MET
inhibited AChE activity (43-57%) and slightly increased abnormal cells (6.2%). At
28 dpt, sperm motility (12-17% reduction) and morphology (3-8% abnormality)
was affected at both doses, but not viability; at 45 dpt, dose-response decreases were
observed in sperm quality: motility (5-14%), viability (9-14%) and morphology
(6-15%). MDA production and mitochondrial activity were not affected at any
dose or time. Sperm DNA damage was observed at 5 mg/kg/day at 24 hpt (7-fold),
28 (3-fold) and 45 dpt (2-fold); fertilization capacity decreased at 28 (13.2%) and
45 dpt (23.2%) but not at 24 hpt. Spontaneous and induced ARs were altered at 28
and 45 dpt at 5 mg/kg/day. These data suggest that sperm cell sensitivity is higher
in spermatogonia and spermatocytes than in maturing spermatozoa. Study supported by CONACyT-Mexico (Grant #58213).

2336

BLACK COHOSH (ACTAEA RACEMOSA) AFFECTS
REPRODUCTION IN THE HARLAN SPRAGUE DAWLEY
RAT.

M. Mercado Feliciano1, J. Bishop1, K. J. Turner2, B. McIntyre1 and P. M.
Foster1. 1DNTP, NIEHS, Research Triangle Park, NC and 2RTI International,
Research Triangle Park, NC.
Black cohosh (BC) is a perennial plant native to North America with long history
of use to treat pain, especially from menstrual disorders and labor. Currently it is
marketed as a supplement for perimenopausal women. The NTP performed toxicological studies using a BC formulation comparable to those currently available to
the public. Results of uterotrophic (no estrogenic activity detected) and subchronic
(minimal liver and hematological effects; positive micronucleus test) studies were
reported previously. Here we report results of a Reproductive Assessment by
Continuous Breeding study in rats. Parental generation (F0) adult male and female
rats (N=23) were administered BC daily by gavage beginning two weeks prior to
mating, through 3 mating and littering phases, until necropsy. Pups from the first
two litters were euthanized on PND 4. The 3rd litter was allowed to reach adulthood. Offspring were administered BC after weaning at the same dose levels and
frequency as the parents. Rats did not display any apparent BC-related toxicity or
morbidity. BC did not affect F0 fertility after the first mating. However, administration of 250, 500 or 1000 mg/kg of BC was associated with fewer pregnancies
after the 2nd and 3rd mating (94, 88, 49% vs. 79, 72, 62% compared to the respective concurrent controls). Pairs that did produce litters had less live pups per litter with each consecutive mating (88, 85, 85% and 94, 74, 55% of concurrent control for 2nd and 3rd litters). Both effects were time and dose-dependent. Crossover
mating (high dose males mated to control females and vice versa) showed both
sexes had decreased fertility; however the effect in males seemed to be more pronounced than females (74% and 49% less pregnancies than 3rd mating controls).
These results suggest BC is a reproductive toxicant. Further studies will define
mechanisms responsible for decreased fertility. These data are preliminary, have not
been peer-reviewed and do not constitute the opinion or policy of the NTP.

2337

TOXICOGENOMIC INVESTIGATION ON RAT
TESTICULAR TOXICITY ELICITED BY 1, 3DINITROBENZENE.

T. Matsuyama, N. Niino, N. Kiyosawa, K. Kai, M. Teranishi and A.
Sanbuissho. Daiichi Sankyo Co. Ltd., Edogawa-ku, Tokyo, Japan.

2335

METAMIDOPHOS ALTERS SPERM FUNCTION,
FERTILIZATION CAPACITY, AND DNA IN GERM
CELLS AT MITOSIS, MEIOSIS, AND EPIDIDYMAL
MATURATION IN MICE.

M. Urióstegui- Acosta1, M. Sánchez- Gutiérrez2, B. Piña- Guzmán3, I.
Hernández- Ochoa1, G. Martínez- Aguilar1 and B. Quintanilla- Vega1.
1Departamento de Toxicología, Cinvestav-IPN, Distrito Federal, Mexico, 2Instituto de
Ciencias de la Salud, Universidad Autónoma del Estado de Hidalgo, Pachuca, Hgo,
Mexico and 3Biotecnología, Unidad Profesional Interdisciplinaria de Biotecnología,
Distrito Federal, Mexico.
Methamidophos (MET) is a highly toxic organophosphorous pesticide (OP), its
use in agriculture has increased in Mexico. MET decreased semen quality altering
male reproduction. We evaluated MET effects on sperm quality, function and fertilization capacity as well as on DNA, exploring the sensitive stage(s) of spermatogenesis. Adult male mice were administered MET (3.75 or 5 mg/kg bw/i.p/day/4
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A toxicogenomic analysis was performed on rat testis treated with a single oral dose
of 1, 3-dinitrobenzene (DNB) at 10, 25 and 50 mg/kg. Affymetrix GeneChip
analysis revealed a total of 186 and 304 gene probe sets which were up- and downregulated, respectively by the DNB treatment, where spermatocyte death and
Sertoli cell vacuolation in the testis and increased debris of spermatogenic cell in the
epididymis were noted. Up-regulated genes suggested oxidative stress (i.e., Hmox1,
Pon2, Gstp1, Akr7a3 and Akr1b8) and apoptosis (i.e., Gadd45g, Ddit4 and Nos3),
suggesting their contribution to DNB-induced testicular toxicity. In addition,
Gene Ontology analysis indicated that genes associated with cell adhesion were significantly enriched in the up-regulated genes following DNB treatment, and the
major cell adhesion-related genes in the testis (i.e., Cdh2, Ctnna1, Vcl, Zyx, Itgb1,
Testin, Lamc3, Pvrl2 and Gsn) were significantly up-regulated by DNB treatment.
The up-regulation of cell adhesion-related genes which might be a consequence of
cellular response for Sertoli-germ cell adhesion restructuring. Furthermore, we conducted a gene set-level expression analysis using four cell-type specific gene sets:
pachytene spermatocytes (PS), Sertoli cells, spermatogonia plus early spermatocytes, and round spermatids. The microarray data demonstrated that the expression

level of PS-specific genes were explicitly down-regulated concomitantly, while those
of the other 3 gene sets did not explicitly change their expression levels. The downregulations of PS-specific genes and the up-regulations of cell adhesion-related
genes were thought to reflect a decrease in the number of spermatocytes and dysfunction of Sertoli-germ cell adhesion junction, and therefore these genes would be
potential genomic biomarkers for assessing DNB-type testicular toxicity, which
may add value to the conventional histological toxicity evaluation by detecting
spermatocyte injury and dysfunction of Sertoli-germ cell adhesion junction at the
transcriptional level.

either time point. These data support that the effects of DBP on fetal androgen production may not be due to a direct effect on the T synthesis pathway and suggest
that some extra-testicular factors may be required. Future studies will evaluate direct effects of MBP on the profile of phthalate-induced gene changes in this and
other pathways. This abstract does not reflect EPA policy.

2340
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EVALUATION OF GENOMIC BIOMARKERS AND
RELATIVE POTENCY OF PHTHALATE-INDUCED
MALE REPRODUCTIVE DEVELOPMENTAL TOXICITY
USING A TARGETED RTPCR ARRAY APPROACH.

B. Hannas1, C. Lambright1, J. Furr1, N. Evans1, P. Foster2, L. Gray1 and V. S.
Wilson1. 1Reproductive Toxicology Branch, US EPA, Research Triangle Park, NC and
2NTP, NIEHS, Research Triangle Park, NC.
Exposure to certain phthalate esters (PEs) during sexual differentiation induces reproductive tract malformations in male rats due to reductions in fetal testicular
testosterone (T) production and expression of steroidogenesis and insl3-related
genes. In the current study, we used a 96-well rtPCR array containing key target
genes representing sexual determination and differentiation, steroidogenesis, gubernaculum development, and androgen signaling pathways to rank the relative potency of several PEs. We performed dose-response studies in which we dosed dams
gestational day (GD) 14-18 with diisobutyl (DIBP), dipentyl (DPeP), dihexyl
(DHP), diheptyl (DHeP), diisononyl (DINP), or diisodecyl phthalate (DIDP) and
serial dilutions of a mixture of 9 phthalates. All phthalates, with the exception of
DIDP, reduced fetal testicular T production. Several genes involved in cholesterol
transport, androgen synthesis and insl3 were down-regulated in a dose responsive
manner by DIBP, DPeP, DHP, DHeP, DINP, and the 9-PE mixture. Despite speculation about PPAR involvement in the effects of PEs on the fetal testis, the potent
PPARα agonist, WY-14643, did not induce PPAR-related genes or reduce fetal testicular T production or expression levels of related genes following GD 14-18 exposure, indicating that the anti-androgenic activity of PEs is not PPARα-mediated.
The overall sensitivity of the fetal endpoints (gene expression or T production) for
the six phthalates from most to least was: Cyp11b1>SR-B1>StAR>T production>Cyp11a1>Cyp17a1> insl3>HSD-3β >Cyp11b2. The overall potency of the
individual phthalates was: DPeP>DHP> DHeP> DIBP> DINP. Finally, the observed mixture interaction was adequately modeled by the dose-addition model for
most of the affected genes. These data advance our understanding of the collective
reproductive toxicity of PE compounds. Disclaimer: This abstract does not necessarily reflect US EPA policy.

2339

COMPARISON OF EX VIVO DBP AND IN VITRO MBP
EXPOSURES ON FETAL TESTIS TESTOSTERONE
PRODUCTION.

V. S. Wilson, C. Lambright, N. Evans, J. Furr, H. Sampson and L. E. Gray.
Reproductive Toxicology Branch, USEPA, ORD, NHEERL, TAD, Research Triangle
Park, NC.
In utero exposure to di-butyl phthalate (DBP) during sex differentiation reduces
androgen production and produces a characteristic profile of gene expression
changes in the fetal testis. The DPB metabolite mono-butyl phthalate (MBP) is
hypothesized to produce these changes by a direct effect on the fetal testis. The current study investigated if direct in vitro exposure of the fetal testis to MBP would
also reduce fetal androgen production as has been demonstrated ex vivo. Testes
from gestation day (GD) 17 control male Sprague Dawley rat fetuses were incubated with either 0 (ethanol vehicle), 30, 100, 300 or 500 μM MBP in culture
medium for 5 hr, then the media were collected and replaced with fresh media of
the same treatments and incubation continued an additional 3 hrs. Four control
dams were used and testes from each litter were represented across all treatments
(minimum n=4 per treatment). Concurrently as a positive control, 4 GD17 dams
received a single oral dose of either 0 (corn oil vehicle) or 750 mg DBP/kg. Five hrs
after dosing (coincident with the first 5 hr in vitro incubation), testes from male
offspring were removed and incubated ex vivo in untreated medium for 3 hr (coincident with the 3 hr in vitro incubation). Testosterone (T) production for the 5 hr
and 3 hr in vitro and the concurrent 3 hr ex vivo incubations were measured in
medium by RIA. As expected, ex vivo T production from the fetal testes was reduced by about 40% compared to controls after a single oral dose of DBP to the
dam. In vitro MBP treatment, however, did not significantly alter T production at

A FETAL RAT TESTIS ENDOCRINE AND GENOMIC
“SIGNATURE” ACCURATELY PREDICTS THE
PHTHALATE SYNDROME OF MALFORMATIONS.

L. E. Gray1, B. Hannas1, J. Furr1, C. Lambright1, N. Evans1, V. Wilson1 and P.
Foster2. 1Reproductive Toxicology BRANCH, NHEERL, US EPA, Research Triangle
Park, NC and 2Toxicology Branch, NTP, NIEHS, Research Triangle Park, NC.
Phthalate esters (PE) vary greatly in their potency to induce malformations during
sexual differentiation in the male rat. Since in vitro assay batteries are currently unable to generate useful information on the potential of chemicals within this class to
disrupt reproductive development, we evaluated these chemicals in a short term in
vivo protocol (called the fetal phthalate screen: FPS) that relies upon testosterone
production (T) and testis gene expression to discriminate “active” from “inactive”
PEs. “Active” PEs are further evaluated in full dose response studies using the FPS
protocol and relative potency factors are calculated. To date, approximately twenty
PEs and alternatives have been evaluated at a single dosage level and about ten of
these have been examined in dose response studies. These results demonstrate that
“active” PEs produce a consistent “Signature” including reduced T and cyp11b1,
StAR, cyp17a1, SCARB, cyp11a1, HSD-3β and Insl3 gene expression (Hannas et
al, 2011). Comparison of the ED50s of the FPS Signatures, with the ED50s of the
postnatal Phthalate Syndrome (pPS) reveals that this FPS Signature can be used to
predict the potency of a PE to induce reproductive tract malformations. For example, in the FPS and in postnatal studies the relative potencies in mg/kg (ED50s for
FPS:pPS) are dipentyl phthalate (50:132) >DBP (296:567) >DINP
(846>1500)>>DIDP (no effect:no effect). In addition, the relative potency factors
for the FPS Signature can be used to predict the effects of mixtures of PEs in the
fetal testis and on postnatal reproductive development. Although the current FPS
protocol does not eliminate animal use it represents a considerable reduction in resources as it uses relatively small numbers of animals per dose group (3-5 litters)
and only 5 days of dosing are required prior to necropsy. This abstract does not necessarily reflect EPA or NTP policy. NTP, NIEHS/EPA IA HHS Y1-ES-8014-01;
EPA RW75922
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FASL REGULATES TESTICULAR GERM CELL C-FLIP
LEVELS THOUGH GENE EXPRESSION AND
UBIQUITINATION.

Y. Lin, P. Yao and J. Richburg. University of Texas at Austin, Austin, TX.
FasL (TNFSF6) is a ligand belonging to the tumor necrosis factor (TNF) superfamily of proteins. This ligand is expressed by testicular Sertoli cells and is implicated in the control of germ cell apoptosis. Our recent findings revealed that young
peri-pubertal(28 day-old) FasL-/- mice show a dramatic increase in the basal germ
cell apoptotic index (A.I., 20.58%) as compared to the C57BL/6J wild-type strain
(5.16%). We have previously shown that exposure of young C57BL/6J mice to the
prototypical Sertoli cell toxicant, mono-(2-ethylhexyl) phthalate (MEHP), causes a
FasL/Fas-dependent increase in germ cell apoptosis. Surprisingly, exposure of young
FasL-/- mice to MEHP resulted in a decrease in germ cell apoptosis (~10% A.I.
after 12 h of exposure). Western blot analysis showed that the expression of the cFLIP protein, a well-described negative regulator of death receptor activation, was
rapidly and strongly induced after MEHP exposure in FasL-/- mice, suggesting that
alterations in the expression of c-FLIP in these mice accounts for their insensitivity
of germ cells to toxicant-induced apoptosis. RT-PCR analysis showed that cflip
mRNA levels were also strongly increased in MEHP-treated FasL-/- mice testes.
Itch, a HECT-type E3 ligase, has been shown to promote the ubiquitin-dependent
degradation of c-FLIP. TG-interacting factor (TGIF) has been implicated in activating Itch to degrade c-FLIP and promote apoptosis in cells. The analysis of testicular cross sections for changes in TGIF expression by immunofluorescence revealed
that TGIF is increased after MEHP treatment in the spermatocytes of C57BL/6J
mice, but not in FasL -/- mice. These data show that the regulation of c-FLIP at
both transcriptional and post-translational levels is a critical step in modulating toxicant-induced germ cell apoptosis. We hypothesize that FasL, through a death receptor-dependent mechanism, is important for modulating germ cell c-FLIP expression as a cellular mechanism to maintain germ cell homeostasis in response to
alterations in Sertoli cell supportive capacity.
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THE STRUCTURAL VARIATIONS OF Y CHROMOSOME
AZFC MULTICOPY GENES ON SPERMATOGENIC
FAILURE.

C. Lu, Y. Xia and X. Wang. Nanjing Medical University, State Key Laboratory of
Reproductive Medicine, Institute of Toxicology, Nanjing, China.
The male specific azoospermia factor C (AZFc) region and its multi-copy genes
have been identified to be implicated in spermatogenesis. The complex structure of
AZFc predisposes to a series of genomic rearrangements mediated by non-allelic
homologous recombination (NAHR) between amplicons, including the formation
of deletions, duplications. However, the potential mechanism for the susceptibility
of AZFc structural variations to spermatogenic failure is unclear, and which is one
of the hot topics in the field. To further clarify the role of AZFc region in spermatogenesis and the possible molecular mechanism, we conducted comprehensive
molecular analyses (deletion typing, copy number quantifying and Y chromosome
haplogrouping) in 711 idiopathic infertile men and 390 healthy controls. We confirmed two previously reported fixations, the b2/b3 deletion in haplogroup N1 and
the gr/gr deletion in haplogroup Q1. Remarkably, the frequency of the complete
AZFc deletion in haplogroup N1 was significantly higher than that in the haplogroup Q1. These results suggest that the b2/b3 partial deletion was associated
with a higher risk of complete AZFc deletion compared with the gr/gr partial deletion. Compared to the gr/gr deletion, the b2/b3 deletion presents a shorter distance
among recombination targets and longer recombination substrates, which may be
responsible for the increased incidence of subsequent recombination events that
can lead to the complete AZFc deletion in this Chinese study population. In addition, we found that additional AZFc duplications accompanying b2/b3 deletion,
instead of b2/b3 deletion alone, led to the b2/b3 deletion-associated risk of spermatogenic failure previously reported in Han Chinese population. Our findings
demonstrated that additional AZFc duplications did not compensate but convey
the susceptibility of b2/b3 deletion to spermatogenic failure in the tested population. Notably, genomic duplications and deletions in AZFc deserve comprehensive
investigations to uncover spermatogenic roles of the AZFc region.

2343

WEIGHT-OF-EVIDENCE APPROACH IN EVALUATING
POTENTIAL ANTIANDROGENIC SUBSTANCES.

S. Melching-Kollmuss1, R. Buesen2, M. Dammann2, K. Hempel2, S.
Stinchcombe1 and B. van Ravenzwaay2. 1Regulatory Toxicology, BASF SE,
Ludwigshafen, Germany and 2Experimental Toxicology, BASF SE, Ludwigshafen,
Germany. Sponsor: R. Landsiedel.
Potentially endocrine-related effects are investigated in mechanistic and regulatory
toxicity studies of chemicals and agro-chemicals. One of the parameters considered
to be able to detect antiandrogenicity in rats is the onset of male puberty, determined by the age of animals at preputial separation. Other parameters, like nipple/areola retention, anogenital index, male reproduction organ toxicity (testes, epididymides, prostate, seminal vesicles), fertility indices, sperm parameter, hormone
changes are also suitable endpoints for the assessment of antiandrogenicity. We have
evaluated 25 two-generation toxicity studies conducted in our lab over the last 12
years. The regulatory studies were conducted with agro-chemicals (17) or chemicals
(8). A full set of toxicological studies (and for some compounds also mechanistic
studies) are available for all compounds under investigation. Five out of 25 substances are suspected to act via an antiandrogenic mechanism, as evidenced by further in vivo or in vitro studies. For some substances the entry into male puberty was
delayed without any further evidence of antiandrogenicity or endocrine disruption.
As there is evidence in the literature that entry into puberty is related to body
weight, an evaluation has been conducted, whether offspring body weight correlates with the day of preputial separation. The biological variation in terms of day of
preputial separation of our untreated Han Wistar strain is: postnatal day 40 - 47
(median at day 42), body weights at day of preputial separation: 142-215 g (median: 174 g).
The evaluation of the data revealed that the age of untreated and dosed male animals at the onset of puberty was inversely correlated with offspring body weight at
postnatal day 21. Using general linear models it could be shown that lower body
weights significantly delay entry into puberty. The isolated finding of delayed
preputial separation is not sufficient to prove an antiandrogenic mode of action.

2344

PHENOLS EXPOSURE AND MALE INFERTILITY OF
HAN CHINESE IN THE MIDDLE AND LOWER
REACHES OF YANGTZE RIVER.

Y. Xia, M. Chen, P. Zhu, B. Xu, R. Zhao, S. Qiao, C. Lu, S. Wang and X.
Wang. Institute of Toxicology, Nanjing Medical University, Nanjing, China.
Aim: Phenols are widely used from personal use to agricultural and industrial
needs. The health risks of phenols exposure have become hot issues of public concern recently. Due to various usage and living habits, phenols exposure varies
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among different populations and regions. Methods: To explore the relationship between phenols exposure and male infertility of non-occupational Han Chinese in
the middle and lower reaches of Yangtze River, we conducted a case-control study
with 803 idiopathic infertile men and 604 fertile controls. By using UPLCMS/MS, individual exposures to phenols were evaluated by urinary concentrations
of nine environmental phenols (bisphenol A; 2,3,4-trichlorophenol; 2,4,5trichlorophenol; pentachlorophenol; triclosan; 4-tert-octylphenol; 4-n-octylphenol; 4-n-nolyphenol; benzophenol-3). Results: The median adjusted concentrations of phenols were higher or lower than those in the U.S reports, respectively.
Among nine phenols, increased urinary concentrations of 4-tert-octylphenol were
found to be highly associated with increased male idiopathic infertile risks.
Conclusion: Our data provide a total insight of various kinds of phenols exposure
and male infertility in eastern Chinese population. These findings should be of concern because of the ubiquitous exposure of phenols.

2345

AGE-DEPENDENT ROLES OF ITCH DURING MOUSE
TESTICULAR DEVELOPMENT.

J. L. Dwyer1 and J. H. Richburg2, 1. 1Institute for Cell and Molecular Biology,
University of Texas at Austin, Austin, TX and 2College of Pharmacy, University of
Texas at Austin, Austin, TX.
Ubiquitin is used as a signaling molecule to tag proteins for various purposes such
as degradation or localization. The addition of ubiquitin to its target protein (ubiquitination) occurs in three steps: 1) an E1 utilizes ATP to activate the ubiquitin
molecule, 2) ubiquitin is transferred to an E2 conjugating enzyme, and 3) an E3
ligase facilitates transfer of the ubiquitin molecule to its substrate. Previous reports
from our lab and others show that ubiquitination of proteins increases in the testis
following toxicant exposure, but little is known on the functional importance of
changes in ubiquitination during testis development. Here we examine the role of
the specific E3 ligase, Itch, in the postnatal development of the testis by evaluating
Itch deficient mice (Itch-/-). A physiological analysis of these mice revealed that the
knockout animals have smaller body and testis weights than their wild type counter
parts, although they have similar body/testis ratios, suggesting that these mice are
just smaller overall. Reproductively, Itch-/- mice have significantly smaller litter
sizes (average number of pups 5 vs 8), but similar survival rates. Quantification of
the total number of mature spermatid heads revealed that adult 56-day-old mice
have significantly lower counts (9.0e6) than wild type (12.5e6), which corresponds
to a higher apoptotic index (8.85% vs 6.93%) at 28 days of age. Histological examination of the testis uncovered several age-dependent phenotypes, including an increase in the number of tubules containing meiotic cells at 28 days and disorganization of spermatid heads at 56 days. Protein expression profiles revealed changes in
several junctional proteins, including Integrin γ3 and β1 Laminin, which may be
responsible for the observed spermatid disorganization. A comprehensive developmental analysis is currently in progress for each of these end points. Taken together,
the data suggests that Itch plays an important and age-dependent functional role in
testis development.

2346

EVALUATION AND VALIDATION OF HUMAN INHIBIN
B ELISA (GEN II) ASSAY IN THE RAT AND
CYNOMOLOGUS MONKEY.

R. Kuk, A. R. Apostoli, C. A. Henry, J. E. Uhl, D. Kumar and S. B. Laffan.
Reproductive Toxicology, Safety Assessment, GlaxoSmithKline, King of Prussia, PA.
Inhibin is a heterodimeric glycoprotein consisting of an alpha and a beta subunit
linked by disulphide bridges. Inhibin B is produced by the testes as well as the
ovaries, and is responsible for the selective negative feedback control of FSH secretion. In males, inhibin B is synthesized by the sertoli cells in the testis, and can be
used as a direct marker of sertoli cell function and spermatogenesis in adult males.
Hence, it is considered a biomarker for detecting testicular damage. Here, we report
the evaluation and validation of the human inhibin B (INH-B) ELISA (Gen II)
from Beckman Coulter, Inc. to measure serum inhibin B levels in male rats
[Sprague Dawley (SD) or Wistar Han (WH)] and male cynomologous (Cyno)
monkey.
Validation criteria included linearity, reproducibility, and recovery evaluations.
Results showed acceptable linearity for samples that were spiked with calibrators
from the INH-B ELISA kit in castrated (SD rat, WH rat or Cyno monkey) serum
or dilute different amounts of intact rat (SD or WH) or Cyno serum with its respective castrated serum (R2>0.9 for all). Reproducibility was good (R2>0.9) among
the 4 assays that were run at different times with the same samples. Recovery of
spiked samples was acceptable (~70%), but was improved when the recovery of castrated/intact serum dilutions (80-100%) were evaluated. Using this kit, biologically
relevant changes in inhibin B levels in castrated and intact animals were detected.
We conclude that this human inhibin B ELISA kit can detect changes in the levels
of inhibin B in SD/WH rat or Cyno monkey serum.

2347

ADVERSE EFFECT OF ALUMINIUM ON SECRETARY
PRODUCTS AND ANTIOXIDANT ENZYMES IN THE
EPIDIDYMIS OF RATS—PROTECTIVE EFFECT OF
VITAMIN E.

R. Venugopal1, S. Onorine Marcelline1, P. Subbarayalu2 and S. Viswanadhapalli3.
1Zoology, Kanchi Mamunivar Centre for Post Graduate Studies, Puducherry 605 008,
Puducherry, India, 2Greehey Children Cancer Research Institute, University of Texas
Health Science Centre at San Antonio, San Antonio, TX and 3Medicine/Nephrology,
University of Texas Health Science Centre at San Antonio, San Antonio, TX.
Aluminium has several industrial uses and is widely used in the production of medicines like analgesics, antacids and anti-diarrheal besides finding use as a food additive and water purification agent. Considering the toxic nature of aluminium with
less work on reproductive system, the present study was planned to investigate the
effect of aluminium chloride on secretary products, enzymatic and non-enzymatic
antioxidants and its possible recovery by vitamin E treatment in the epididymis of
adult rats. Adult male rats were administered with aluminium chloride, 100 mg/kg
body weight, orally, daily for 45 days. Second group of rats were treated with aluminium chloride along with vitamin E. Third group of rats treated with vitamin E
alone and the fourth group served as withdrawal group. All the groups of rats were
compared with the control group. At the end of the experimental period the animals were sacrificed and the epididymis was dissected out. Antioxidant enzymes
like catalase, superoxide dismutase, glutathione peroxidase, glutathione reductase
and glutathione-s-transferase were markedly diminished in the epididymis of aluminium chloride treated animals. The non-enzymatic antioxidants vitamin C and
vitamin E were also decreased. The epididymal lipid peroxidation and hydrogen
peroxide were significantly increased. Glycerine phosphoryl choline, sialic acid, carnitine and acetyl carnitine contents were markedly decreased. Vitamin E treatment
counteracted the effect of aluminium chloride. In the withdrawal group most of the
parameters were brought back to near normalcy. The present study suggests the reproductive toxicity of aluminium by altering secretary products and inducing the
oxidative stress in the epididymis and its possible recovery by vitamin E treatment.

2348

APOPTOSIS INDUCED BY 4-TERT-OCTYLPHENOL IN
RAT TESTIS AND THE INTRINSIC PATHWAY
ACTIVATION.

Q. Bian and H. Wang. Jiangsu Center of Disease Control and Prevention, Nanjing,
China.
Concerns regarding 4-tert-octylphenol (OP) have increased as this chemical displays estrogenic activity. The objective of this study is to elucidate the molecular
mechanism(s) underlying the detrimental effects associated with OP as well as to
explore whether intrinsic pathway of apoptosis induced by OP was activated.
According to our previous in vivo study, the expression levels of some apoptotic related genes, i.e. Bcl-x and death effector domain-containing protein (spermatogenesis, apoptosis regulator activity) and sperm membrane protein (YWK-II) were decreased in adult rats treated by OP. Here, the Bcl-2 family proteins expression and
intrinsic pathway activated signals were further observed by western blot and flow
cytometric analysis (FCM).
The results showed increased apoptosis of testis cells occurred in a concentrationdependent manner by FCM assay (Fig 1). The expression of Bcl-xL was down-regulated, while the expression of active Bax up-regulated (Fig 2). OP also down-regulated the expression of 32 kDa procaspase-3, which was cleaved to generate active
subunit (17 kDa) and could induce Cyt C release (Fig 2 & 3).
Taken together, these results suggest that OP may induce rat testis apoptosis and
could trigger apoptosis via mitochondria-dependant intrinsic pathway by regulation of Bcl-xL/Bax, Cyt C release and caspase-3 activation. Moreover, these findings
may provide useful indicators of the adverse effects of OP on male reproductive system and prove particularly important in elucidating that Bcl-2 family proteins may
play a key role in testicular function change elicited by OP.

2349

DECIPHERING MECHANISMS UNDERLYING
PROLONGED MALE INFERTILITY FOLLOWING A
CLINICALLY-RELEVANT MULTICYCLE CISPLATIN
TREATMENT.

J. Harman and J. Richburg. University of Texas Austin, Austin, TX.
A typical clinical regimen consists of repeated cycles of 5-7 daily injections of low
dose cisplatin with a 1-2 week recovery period. An unfortunate side effect of cisplatin exposure in males is a prolonged, sometimes permanent, infertility.
Previously, we developed a clinically-relevant treatment paradigm in adult C57
mice (repeated cycles of 2.5mg/kg/day for 5 d followed by a 16 d recovery period)

and discovered that the severity of testicular damage is more dependent on the
number of cycles of treatment than the cumulative dose. Theoretically, spermatogonial stem cells (SSCs) should be able to repopulate the testis after cisplatin exposure has ceased. We hypothesize that an increase in the mitotic activity of SSCs during the initial exposure to cisplatin renders them increasingly susceptible to
cisplatin-induced injury during the next treatment cycle, underlying the mechanism of treatment-induced infertility. Here we investigate Sertoli cell (SC) factor(s)
that stimulate SSCs to enter the cell cycle after cisplatin exposure; namely, glial cell
line-derived neurotrophic factor (GDNF). Adult C57 mice were exposed to 5 daily
intraperitoneal injections of 2.5 mg/kg cisplatin. Mice were sacrificed at days 1, 3,
7, and 16 of the recovery period and testes removed for immunohistochemical
(IHC) analysis. In order to measure mitotic activity, BrdU was administered intraperitoneally 1.5 hours prior to sacrifice. IHC was performed using antibodies
against GDNF, incorporated BrdU, and PLZF (undifferentiated spermatogonia
marker). IHC analysis of BrdU showed a 1.37-fold increase in the proliferative rate
of early germ cells over controls. GDNF immunostaining in cisplatin-treated mice
was particularly prominent along the basal membrane, the region where SSCs reside. PLZF labeling decreased immediately following cessation of treatment, increased by day 7 and returned to control levels by day 16. Future experiments are
targeted to test the direct role of GDNF, as well as other potential regulatory factors, in increasing the sensitivity of SSCs to cisplatin-induced injury.

2350

ZINC DEFICIENCY EXACERBATES DIABETIC
TESTICULAR CELL DEATH BY DOWN-REGULATION
OF AKT EXPRESSION AND FUNCTION: ESSENTIAL
ROLES OF PTEN, PTP1B, AND TRB3.

Y. Zhao1, 2, J. Dai2, Y. Tan2, G. Wang1, L. Cai2, 1 and W. Li1. 1Cancer Center,
First Bethune Hospital of Jilin University, Changchun, Jilin Province, China and
2KCHRI at the Department of Pediatrics, University of Louisville, Louisville, KY.
Since zinc plays an important role in the spermatogenesis and diabetic patients are
often with zinc deficiency, this study was to investigate the impact of zinc deficiency to diabetic effects on testicular cell death and possible mechanisms. Type 1
diabetic model was induced in FVB mice with multiple low dose of streptozotocin.
Zinc deficiency was induced by zinc chelator, N, N, N’, N’-tetrakis (2pyridylemethyl) ethylenediamine (TPEN). After diabetes onset, both hyperglycemic and age-matched control mice were given TPEN intraperitoneally for four
months. Testicular zinc levels were decreased in diabetes and TPEN groups, and
further decreased in diabetes/TPEN group. Testicular cell apoptosis was increased
in diabetes group and further increased in diabetes/TPEN group. For mechanistic
study, Western blot assay revealed that Akt-mediated glucose metabolism signaling
was down-regulated in the testis of diabetes group and further decreased in diabetes/TPEN group, reflected by reduced phosphorylation of both Akt and GSK-3β
and increased phosphorylation of GS along with the disarrangement of fatty acid
metabolism (increased expression of PPAR-α, decreased expression of Sirt1 and
PGC-1α, decreased AMPK phosphorylation). Furthermore, Akt negative regulators PTEN, PTP1B and TRB3 all increased in diabetic testis and further increased
in the testis of diabetes/TPEN. These studies suggest that zinc deficiency significantly exacerbated diabetic induction of testicular cell death probably via downregulation of Akt expression and function by up-regulation of Akt negative regulators. Therefore, prevention of zinc deficiency for diabetic patients is of vital
importance in order to avoid the exacerbation of diabetic inhibition of glucose metabolism in the testis.

2351

EXPOSURE TO POLYCYCLIC AROMATIC
HYDROCARBONS RELATED TO SPERM QUALITY AND
DNA INTEGRITY.

A. Jeng1, C. Pan2 and M. Wu3. 1Old Dominion University, Norfolk, VA, 2Institute
of Occupational Safety and Health, Taipei, Taiwan and 3Kaohsiung Medical
University, Kaohsiung, Taiwan. Sponsor: Y. Huang.
The objectives of this study were to explore i) whether exposure to polycyclic aromatic hydrocarbons (PAHs) contribute to the alteration of male sperm quality and
DNA integrity of coke-oven workers, and ii) whether gene polymorphism can
modulate the effect induced by PAHs . Our specific aims were to i) determine the
correlation between 16 individual PAH species and their biomarkers and sperm
quality and DNA integrity; ii) determine sperm oxidative damage by identifying
specific DNA lesions, iii) assess the correlation between gene polymorphisms and
sperm quality and DNA integrity. A longitudinal study included repeated measurements to account for PAH exposure as it relates to toxic effects on sperms during
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spermatogenesis. Personal breathing-zone air samples and urine samples were collected to determine PAH external and internal exposure levels, respectively. Semen
was collected to assess sperm quality, DNA adducts, and oxidative damage. Blood
samples were collected for genotyping. The high exposed group had a significantly
lower percentage of motile, viable and normal morphological sperms as compared
to the control. The PAH exposed group experienced higher DNA fragmentation
percentages, 8-oxodG concentrations, bulky DNA adducts, and BaP like DNA
adducts. The concentration of 1-OHP levels negatively correlated with normal
sperm morphology and motility. PAHs with higher molecular weights tend to correlate with sperm quality and DNA fragmentation. GSTM1 null and CYP1A1
Msp1 men had higher sperm DNA fragmentation and 8-oxodG concentration.
Exposure to PAHs altered sperm quality and increased oxidative DNA damage.
Genetic polymorphisms influence the susceptibility of men to sperm DNA damage
related to exposure to PAHs. Research results laid a foundation for future study related to the effects of PAHs on reproductive health and examine gene and environment interaction.

2352

EVALUATION OF REPRODUCTIVE FUNCTION IN
MALE CYNOMOLGUS MONKEYS—TESTICULAR
VOLUME AND SPERM ANALYSIS PARAMETERS.

K. Mizuyoshi, S. Sakaki, K. Motokawa, R. Oohara, S. Sakoda, K. Watanabe,
Y. Taniguchi, J. Nakano, Y. Harada, T. Sugimoto, Y. Ooshima and R. Nagata.
Drug Safety Research Laboratories, Shin Nippon Biomedical Laboratories, Ltd.,
Kagoshima-shi, Kagoshima-ken, Japan.
Nonhuman primates (NHPs) are frequently used for toxicity studies of biopharmaceuticals since they are often the only experimental animals to express pharmacologic responses similarly to humans. There is an associated need to evaluate NHP
male fertility abilities. We investigated the correlations between testicular volume,
and sperm analysis and serum testosterone parameters in untreated males. One
hundred and eighty-four animals aged 57 to 98 months and weighing 4.2 to 8.7 kg
were used. Testicular volume was calculated from the major and minor testicular
axes. Semen was collected by electroejaculation, and examined to determine sperm
count and motility (%motile sperm, curvilinear velocity, total lateral head displacement amplitude, head osculation frequency, linearity, track velocity, straight line velocity, and track linearity; IVOS sperm analyzer) and the rate of morphological
malformation. Blood was collected twice for serum testosterone measurement by
ELISA. We also investigated the effects of (±)-3-chloro-1,2-propanediol (α-chlorohydrin) on sperm motility in vitro. A slightly positive correlation between sperm
count and age was noted. Testicular volume was positively correlated with sperm
count and serum testosterone level. %motile sperm was negatively correlated with
malformation rate. No correlations were noted between serum testosterone concentration and sperm count, or sperm motility and malformation rate.
α-chlorohydrin affected sperm velocity in vitro at a concentration of 1% with 5minute incubation.We concluded that testicular volume and sperm analysis parameters are good indicators for selection of cynomolgus monkeys in toxicity studies.

2353
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RESVERATROL RESTORES FERTILITY INDICES IN
MALE RATS ORALLY ADMINISTERED WITH
BENZO(A)PYRENE.

A. E. Archibong1, M. S. Niaz2 and A. Ramesh2. 1Physiology, Meharry Medical
College, Nashville, TN and 2Biochemistry & Cancer Biology, Meharry Medical
College, Nashville, TN.
Benzo(a)pyrene (BaP) is a semi-volatile, persistent environmental pollutant. Apart
from inhalation of BaP through cigarette smoke and occupational settings, humans
are also exposed to BaP through consumption of contaminated foods. The objective of this study was to assess the ability of resveratrol (RVT) to block the effect of
orally administered BaP on male fertility indices. Adult male F-344 rats were randomly assigned to receive BaP only (5 mg/kg) or RVT (50 mg/kg) + BaP or vehicle
(tricaprilyn; VEH control) for 60 days. Thereafter, all animals were anesthetized to
facilitate blood samples collection for serum testosterone measurement.
Subsequently, testes and epididymides were harvested, weighed and stored spermatozoa recovered for the determination of progressive motility and sperm density.
The right testes of rats in each group were subjected to H&E staining post fixation
in buffered formalin. Testis weights did not differ among BaP-treated, RVT + BaP
and VEH control rats. However, mean epididymal weight was reduced among BaPtreated rats, an effect that was blocked by RVT compared to VEH control treatment (BaP, 0.44 + 0.01; RVT + BaP, 0.50 + 0.01; VEH, 0.48 + 0.01 [P<0.01]).
Similarly, RVT blocked the ability of BaP to reduce both stored sperm motility
(RVT + BaP, 78.0 + 3.3; BaP, 57.0 + 4.02; 82.0 + 2.1 [P<0.005]) and density (RVT
+ BaP, 84.0 + 4.0; BaP, 36.0 + 6.0; VEH, 82.0 + 4.0 [P<0.05]). H&E staining
showed a significant disruption in the integrity of the Leydig cell compartment of
the testes of BaP-treated versus those of control rats, a condition that was blocked
by RVT. Interestingly, serum testosterone concentrations were significantly reduced
in BaP-treated versus control rats. However, testosterone concentrations were not
affected when BaP was co-administered with RVT. These data suggest that RVT
blocked BaP-induced disruption in endocrine-regulated fertility indices in male
rats by maintaining the secretion of testosterone (funded by NIH grants
1S11ES014156-05 and 1R01CA142845-01A1).

2355

TESTICULAR AND EPIDIDYMAL HISTOLOGIC
CHANGES AROUND THE PERIOD OF SEXUAL
MATURATION IN YUCATAN BOARS.

T. Evans1, J. Trickey2, L. D. Brown2 and G. Bouchard2. 1Veterinary Medical
Diagnostic Laboratory University of Missouri, Columbia, MO and 2Sinclair
BioResources LLC, Auxvasse, MO.
UNDERNUTRITION INHIBITS FETAL RAT TESTIS
STEROIDOGENESIS.

K. Johnson, E. McDowell and J. Pike. Nemours Biomedical Research, Alfred I.
duPont Hospital for Children, Wilmington, DE.
Humans born small for gestational age are at increased risk of male reproductive
malformations, including cryptorchidism and hypospadias. The mechanistic basis
for this increased risk is unknown. Because both hypospadias and testis maldescent
can be caused by reduced in utero androgen action, we hypothesized that intrauterine growth restriction is associated with an inhibition of fetal testis testosterone production. To test this hypothesis, we used a Wistar rat macronutrient food restriction
model from gestational day (GD) 3 through GD17. Two global food restriction
levels were examined: 50% and 30% of an ad libitum diet. On GD17, fetal testis
steroidogenic mRNA levels and ex vivo testosterone production were measured.
Both undernutrition models significantly reduced maternal body weight, and intrauterine growth restriction in both models was confirmed by a significant decrease in GD17 pup weight. Litter size was unaffected. Both groups showed significant reductions in GD17 testis mRNA for genes in the steroidogenic pathway
(Cyp11a1, Cyp17a1, and Star) and the cholesterol import pathway (Scarb1). The
inhibition of steroidogenic gene expression was accompanied by a significant decrease (40%) in GD17 testis testosterone production. No significant difference in
any steroidogenic endpoint was detected between the two undernutrition models.
Based upon these data, we conclude that rat maternal undernutrition leads to fetal
intrauterine growth restriction and inhibits fetal testis testosterone production.
Because this endocrine disruption occurs during the fetal masculinization program-
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ming window, boys born small for gestational age may be at increased risk of cryptorchidism and hypospadias because of reduced androgen production during a critical developmental window.
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Preclinical guidelines often specify the use of prepubertal, pubertal, or sexually mature animals. However, “puberty” and “sexual maturity” can be defined in a number
of different ways which reflect androgen production, including the onset of mounting behavior, penile erection and/or ejaculation ± sperm capabilities, or, histologically, by a “threshold” portion of seminiferous tubules engaged in spermatogenesis
± epididymal sperm. Furthermore, “sexual maturity” can also be interpreted slightly
differently, depending on the type of toxicology study programs (e.g., DART versus
repeat dosing studies). Since Yucatan boars have been reported to reach “puberty” as
early as 12 weeks or as late as 16 to 20 weeks of age, it is critical, regardless of how
the stages of sexual development are defined, to know what is happening histologically in the testes at these various ages. Modified Davidson’s-fixed and PAS-stained
testicular and epididymal sections were evaluated from 12-, 14-, 16-, 18-, 20-, 22-,
and 24-week-old Yucatan boars (n=minimum of 4/age group). Approximately 200
seminiferous tubules were evaluated per testis for immature/mature tubules. The
proportion of the total number of seminiferous tubules represented by “mature
tubules” was calculated. The presence of sperm in the caudae epididymides was also
noted. Round spermatids began to appear at 12 weeks of age, and a majority of 14week-old boars had seminiferous tubules containing both round and elongate spermatids. While sparse numbers of sperm appeared in the epididymides of one boar
at 14 weeks of age, at least half of the 16- and 18-week-old boars exhibited some
spermiation with sperm in the excurrent duct system. By 20 weeks of age almost all
seminiferous tubules were “mature”, with sperm present in the epididymides. These
novel data can be taken into consideration, along with other indices of sexual development, when designing toxicology experiments of varying durations which require Yucatan boars at a given stage of sexual maturity.

2356

R-SPONDINS (RSPOS) PROMOTE PROSTATIC BUD
FORMATION AND PROTECT AGAINST PROSTATE
BUDDING ABNORMALITIES CAUSED BY TCDD.

A. Branam, N. M. Davis, A. J. Schneider, T. Lin and R. E. Peterson. University
of Wisconsin-Madison, Madison, WI.
Prostatic buds are derived from the urogenital sinus (UGS) and later form into the
prostate ductal network in adult mammals. In utero TCDD exposure causes dorsal
and lateral prostatic buds in mice to form in inappropriate positions and prevents
formation of ventral and some dorsal prostatic buds leading to ventral prostate agenesis. We have discovered an imbalance in WNT signaling as a consequence of in
utero TCDD exposure. To obtain a global view of WNT signaling defects, we are
performing sectional ISH to look at differences in WNT signaling components between vehicle- and TCDD-treated UGSs on E16.5 from C57BL6/J pregnant dams
dosed with TCDD (5 μg/kg, po) or vehicle on E15.5. We discovered that Rspo2
expression is decreased by TCDD exposure in the ventral prostatic budding region
corresponding to the UGS area most sensitive to TCDD. R-spondins (RSPOs) are
promoters of canonical WNT signaling and are thought to act by preventing the
binding of the extracellular inhibitors, dikkhopfs (DKKs), to LRP receptors thereby
preventing internalization of the LRP receptors. To further examine the role of
RSPOs in prostatic budding either RSPO2 alone, RSPO3 alone, or combined
RSPO2+ RSPO3 (100 ng/mL of RSPO2 and RSPO3) was added to in vitro UGS
cultures containing DHT and resulted in an increase in the number of prostatic
buds formed as compared to control UGSs treated with DHT alone. Furthermore,
addition of RSPOs to in vitro culture UGSs exposed to TCDD leads to a partial
rescue of the budding defects. Preliminary results using sectional IHC to count
basal epithelial cells positive for SOX9 or LEF1, confirmed downstream targets of
canonical WNT signaling, show a decrease in cells positive for SOX9 or LEF1 in
UGSs exposed to TCDD, but this effect is reversed upon addition of RSPOs. These
data illustrate an important role for RSPOs as key modulators of prostatic bud formation and that addition of RSPOs may reduce the effects of TCDD exposure on
prostate budding. (Grant support: NIH ES01332, T32 ES007015)

2357

EARLY STABILIZATION OF β-CATENIN IN
UROGENITAL SINUS (UGS) EPITHELIA DISRUPTS
MOUSE VENTRAL PROSTATE (VP) DEVELOPMENT.

T. Lin, J. Bai and R. E. Peterson. University of Wisconsin-Madison, Madison, WI.
Mouse prostatic bud initiation starts on E16.5. In utero TCDD exposure prior to
E15.5 blocks ventral bud formation and reduces dorsolateral bud number causing
agenesis of VP and a smaller dorsolateral prostate (DLP). The mechanism by which
TCDD causes VP-specific prostatic budding inhibition has yet to be elucidated.
Activation of β-catenin is essential for prostate development and in utero TCDD
exposure decreases β-catenin-responsive gene expression in basal UGS epithelia
(UGE) that give rise to VP buds. To test the hypothesis that expression of a UGE
conditional β-catenin dominant stable (DS) transgene will rescue the disruption of
prostate development caused by TCDD we first assessed effects of DS β-catenin on
VP development in control mice. Pregnant dams were dosed with tamoxifen on
E13.5 and E14.5 resulting in UGE activation of DS β-catenin. Male UGSs were
harvested on E18.5 and formation of UGS buds was assessed. Stabilization of βcatenin caused a disorganization of UGS buds that resembled compacted epithelial
cells. DS β-catenin mice died perinatally. To determine whether their UGSs were
capable of developing into prostate, they were transplanted on E18.5 into the subrenal capsule space of adult male nude mice and evaluated for prostatic differentiation 28 days later. Transplants of all non-DS negative controls had comparable
amounts of mRNA for MP25, a VP-specific secretory protein; however, DS βcatenin transplants expressed at least 20 fold less MP25 mRNA. All UGS
transpants expressed comparable amounts of mRNA for probasin, a DLP-specific
protein, indicating that stabilization of β-catenin in UGE causes a VP-specific hypogenesis. Effects of DS β-catenin on both UGS bud formation and VP development were attennuated when the activation was delayed until E16.5, suggesting a
pre E16.5 VP development vulnerability critical window. These results suggest that
stabilization of β-catenin mimics inhibitory effects of TCDD on VP development.
(Supported by NIH ES01332)

2358

ADULT HUMAN SERTOLI CELLS AS AN IN VITRO
MODEL TO STUDY SERTOLI CELL INJURY INDUCED
BY MONO-2-ETHYLHEXYL-PHTHALATE (MEHP).

J. R. Pietruska, C. W. Brown, P. Weston and M. L. Hixon. Pathology &
Laboratory Medicine, Brown University, Providence, RI.
Environmental exposure to endocrine disrupting chemicals is hypothesized to negatively impact male reproductive health. Within the testis, Sertoli cells are critical
for proper germ cell maturation and spermatogenesis, and exposure to Sertoli cell

toxicants is associated with Sertoli cell dysfunction and germ cell loss. The phthalate metabolite mono-2-ethylhexyl-phthalate (MEHP) is a known Sertoli cell toxicant in rodents; however, the effects of MEHP on human Sertoli cell viability and
function are unknown. We have developed and characterized an in vitro model of
adult human Sertoli cells to study the mechanisms by which environmental toxicants induce Sertoli cell injury. Primary Sertoli cells from a 23-year old donor
(S23Y) obtained from Lonza proliferated readily in culture, eventually undergoing
replicative senescence. S23Y cells exhibited morphology typical of Sertoli cells, expressed markers of Sertoli cell origin, including Sox9 and GATA4, and stained positive for Oil Red O. The presence of cytoplasmic lipid vacuoles was confirmed by
transmission electron microscopy. Exposure of S23Y cells to subcytotoxic doses of
MEHP induced rapid phosphorylation of Akt (Ser473) and GSK3β (Ser9), indicating activation of the Akt pathway. Prolonged (48hr) exposure to higher doses of
MEHP (250-1000μM) resulted in a dose-dependent decrease in cell number, although cells remained viable up to 500μM MEHP, indicating both inhibition of
proliferation and induction of cell death. Additionally, we immortalized S23Y cells
through expression of the catalytic subunit of human telomerase (S23Y/hTERT) to
provide a continuously proliferating population of Sertoli cells for more extensive
study. S23Y/hTERT cells maintained Sertoli cell-like morphology and Oil Red O
positivity. We are currently validating the use of immortalized human Sertoli cells
to study the mechanisms by which endocrine disruptors induce human Sertoli cell
injury.

2359

PROPYLPARABEN—8-WEEK POST-WEANING
JUVENILE TOXICITY STUDY WITH 26-WEEK
TREATMENT-FREE PERIOD IN THE MALE WISTAR
RAT BY THE ORAL ROUTE (GAVAGE).

V. Gazin1, E. Marsden2 and J. Briffaux2. 1French Medicines Agency, Saint Denis,
France and 2Ricerca Biosciences SAS, Lyon, France.
Propylparaben, an antimicrobial excipient used in pharmaceutics and cosmetics,
has been described as having effects on sperm parameters and plasma testosterone
concentrations of male rats following juvenile exposure (Oishi 2002). A GLP study
was undertaken to confirm and further characterize these effects.
Propylparaben was given by oral gavage to 4 main groups of 20 male Wistar rats at
nominal doses of 3, 10, 100 or 1000 mg/kg/day in 1 % hydroxyethylcellulose (10
mL/kg) for 8 weeks starting from post natal day (PND) 21. A control group of 20
males received the vehicle. One sub-group of 10 animals per group was necropsied
at the end of the dosing period and the other after a 26-week treatment-free period.
The following endpoints were assessed morbidity/mortality, clinical condition,
body weight, sexual maturation, LH, FSH and testosterone levels, organ weights,
gross and microscopic pathology and sperm quality. Blood samples were taken from
additional satellite animals at specific time-points after dosing on PND 21 and
PND 77 for TK.
There were no unscheduled deaths and no remarkable clinical changes in any group
throughout the study. Similarly, there were no compound-related organ weight,
macroscopic or microscopic changes in the testes and epididymides, and no evidence of an effect on sexual maturation, hormone levels, sperm count or motility,
in any group at the end of the treatment and treatment-free periods.
In conclusion, once daily oral (gavage) administration of propylparaben to male
Wistar rats at nominal doses of 3, 10, 100 and 1000 mg/kg between 3 and 11
weeks of age was without any effect on reproductive parameters in any group. The
nominal dose of 1000 mg/kg/day was therefore the no observed effect level. It did
not confirm the results reported by Oishi.
The French Medicines Agency (Afssaps) has initiated and led this project, in association with an industry consortium (BMS, Orphan Europe, Pfizer, Reckitt
Benckiser, Sanofi-Aventis, Servier).

2360

REPRODUCTIVE TOXICITY OF ACUTE SULFUR
MUSTARD INTRATRACHEAL INHALATION IN MALE
RATS AND NONHUMAN PRIMATES.

G. Wang, G. J. Chavez, J. Benson and W. M. Weber. Lovelace Respiratory
Research Institute, Albuquerque, NM.
Sulfur mustard (SM), commonly known as mustard gas, is a bifunctional alkylating
agent that has been historically used in chemical warfare and is still a #1 stockpile of
warfare agent in US. Acute exposure to SM has been reported to cause chronic testicular damage and consequently oligospermia/azoospermia in men years after a
single exposure. We have investigated the male reproductive toxicity of SM in rats
and cynomolgus macaques. Groups of adult male F344 rats were exposed to SM
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vapor at 150 mg/m3 for 10 or 15 minutes, or to filtered air for 15 minutes via intratracheal inhalation. Weights and histopathology of male reproductive organs, as
well as semen parameters (counts, motility, morphology, and sperm DNA fragmentation) were evaluated at 4, 7 and 10 weeks post exposure. There was a significant
reduction in organ weights of testis, epididymis, seminal vesicle, and prostate in
SM-exposed rats. Semen analysis showed that SM exposure led to reduced sperm
count, decreased sperm motility, and increased morphologically abnormal sperm in
cauda Epididymis. Sperm chromatin separation analysis also demonstrated there
was a significant increase of sperms with DNA fragmentation in cauda epididymis
of rats exposed to SM. Histopathological examination revealed atrophy of seminiferous tubules, degeneration/depletion of round spermatids and spermatocytes, depletion of elongated spermatid, and germ cell sloughing into tubular lumen in SMexposed rat testes. Sloughed cells /cell debris and reduced sperm content were also
observed in caput and corpus segments of Epididymides in SM-exposed rats.
Moreover, similar adverse effects were observed in macaques following intratracheal
inhalation exposure to SM vapor at 100 or 150 mg/m3 for 10 minutes. Our animal
models will be useful for further investigation of the mechanism and development
of therapeutics for SM-induced gonadal toxicity. Research funded by NIH/NINDS
#5U54NS058185 and the 2010 supplement grant.

2361

INHIBITION OF CYCLOOXYGENASE 2 REDUCES
DIPENTYL PHTHALATE TOXICITY IN A 3DIMENSIONAL IN VITRO RAT TESTES COCULTURE
MODEL: EVIDENCE FOR AN ALTERNATE
MECHANISM OF ACTION.

S. Wegner, X. Yu, S. Hong, H. Kim, S. Harris and E. M. Faustman.
Department of Environmental and Occupational Health Sciences, University of
Washington, Seattle, WA.
Phthalate exposure is associated with changes in steroidogenesis, leading to the hypothesis that this is a primary mechanism of phthalate toxicity. However, phthalateinduced male reproductive toxicity has been shown to occur in the absence of
changes to testosterone production, suggesting alternate mechanisms. Microarray
data from our lab suggests that inflammatory pathways play a role in phthalate toxicity. Others have found a link between phthalate exposure and changes in expression of the inflammatory enzyme cyclooxygenase 2 (cox2). Furthermore, inhibition
of cox2 enhances expression of the steroidogenic acute regulatory protein (Star),
the-rate limiting step in steroidogenesis. We hypothesize that phthalate-induced
toxicity and regulation of steroidogenesis are mediated by cox2. We employ a 3D in
vitro rat testes co-culture to explore the role of cox2 in phthalate toxicity. Cells were
treated with 0, 50, 100, or 200uM dipentyl phthalate (DPP). Additional plates
were pre-treated with the cox2 inhibitor NS-398 prior to 100uM phthalate treatment. Cytotoxicity and protein expression were measured at 8, 24, and 72hrs.
Phthalate treatment resulted in a dose-dependent increase in cytotoxicity. Cox inhibitor pre-treatment significantly reduced the cytotoxicity of at 8 (p=0.049) and
24hr (p=0.035). While DPP exposure resulted in a significant decrease in Star protein expression after 8 hrs (p=0.001), pre-treatment with cox inhibitor significantly
attenuated this effect (p=0.034). DPP exposure significantly increased cox2 expression at 8(p=0.009) and 24 hrs (p=0.00017). Cox inhibition also greatly increased
cox2 protein expression. These results indicate that DPP-induced changes in testosterone synthesis may be mediated by an inflammatory response. Supported by T32
ES007032, 1U01FD004242-01, 1U01FD004242-01, Colgate-Palmolive Grants
for Alternative Research, and the Johns Hopkins CAAT.

8-OHdG levels by flow cytometry. Exposure to Me-Pa caused a significant dose-dependent increase in OTM values in both cells lines, 45-50% increase in sperm cells
and 27-39% increase in MNC, although the slopes were different: 0.85 and 1.68 in
spermatozoa and MNC, respectively. Levels of 8-OHdG in sperm cells showed an
increase only at 9 mg/kg, 10-fold compared to the control group, while a dose-dependent increase was observed in MNC (1.6 to 3.5-fold increase). These results
suggest that the genetic damage observed in MNC may be a predictor of the damage caused in male germinal cells by OP pesticide exposure, while the oxidative
damage in MNC may not, suggesting that the antioxidant capacity and/or oxidative repair are different in these two cell lines.

2363

COMPARATIVE ASSESSMENT OF SEXUAL
MATURATION IN MALE SPRAGUE DAWLEY AND
WISTAR HAN RATS.

S. N. Campion, R. E. Chapin, W. S. Nowland and G. D. Cappon. Pfizer
Worldwide Research and Development, Groton, CT.
The use of sexually mature animals in toxicology studies is important to reduce the
detection of “lesions” that may be related to immaturity rather than treatment.
Anecdotal evidence suggests that the male Wistar Han (WH) rat attains sexual maturity a few weeks later than the Sprague Dawley (SD) rat. Given the increasing use
of WH rats in regulatory toxicology studies, this study was performed to characterize the onset of sexual maturation and adult sperm numbers and motility in maturing SD and WH rats. Beginning on postnatal day (PND) 38, and at multiple time
points through PND 91 groups (n=8) of untreated SD and WH rats were evaluated
for maturation of the male reproductive system. Body and organ (testes, epididymides, and accessory sex glands) weights were collected, the left testis and epididymis were fixed for microscopic examination, and the right testis and epididymis were frozen for determination of epididymal sperm counts and testicular
spermatid head counts using a computer-assisted sperm analysis (CASA) system.
Sperm motility was measured on animals 56 days or older by CASA. The WH rats
were smaller in size than the SD rats, with an average body weight of 339 g compared to 507 g on PND 77. Steady increases in testis, epididymal, and accessory sex
gland weights were observed through the end of the study, and they were comparable between the 2 strains. No differences in testicular spermatid head counts were
detected and kinetics of the population of the different regions of the epididymis
with sperm was very similar between the 2 rat strains. In WH rats sperm motility
was at adult levels by PND 63 (~90%), while in SD rats sperm motility was at adult
levels (~85%) by PND 70. The morphology of the testis/epididymis of SD rats 59
days of age or older is consistent with qualitative sexual maturity. Seven of eight
WH rats were qualitatively mature by day 56, and all were by day 63. Based on the
lack of any differences in spermatid histology, head and sperm counts, and sperm
motility, we found no detectable difference in the maturation trajectory of the two
strains.

2364

COMPARISON OF TOXICOGENOMIC RESPONSES TO
PHTHALATE ESTER EXPOSURE IN AN IN VITRO RAT
TESTES COCULTURE (TCS) MODEL AND RESPONSES
OBSERVED IN VIVO.

S. Harris, X. Yu and E. Faustman. University of Washington, Seattle, WA.

2362

OXIDATIVE AND GENETIC DAMAGE IN GERMINAL
AND MONONUCLEAR CELLS BY METHYLPARATHION EXPOSURE IN MOUSE.

V. M. Monroy-Pérez1, 2, J. A. Alcántara-Hernández1, 2, M. J. Solís-Heredia1, L.
Espinosa-Juárez1 and B. Quintanilla-Vega1. 1Toxicology Department, CinvestavIPN, Mexico City, Mexico and 2UPIBI-IPN, Mexico City, Mexico.
Methyl-parathion (Me-Pa) is an organophosphorous pesticide highly neurotoxic,
which is also associated with genetic and reproductive damage with adverse effects
in the progeny. Collection of sperm cells can be a hard task in epidemiological surveys; therefore the aim of this study was to compare the oxidative and genetic damage in mononuclear (MNC) and sperm cells by repeated exposure to Me-Pa, to
evaluate the usefulness of MNC as surrogate indicator of genetic-oxidative damage
in male germinal cells. CD1 mice (12-weeks old) were exposed to repeated doses of
Me-Pa (6 and 9 mg/kg/bw/day/5 days, ip). Spermatozoa were extracted from epididymis-vas deferens and MNC from peripheral blood. DNA damage was evaluated by the Comet assay (OTM parameter) and the oxidative damage by means of
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There currently exists a demand for the development of new in vitro methods of
screening chemicals for various toxic effects, due to increasing pressure to test a
greater number of chemicals while reducing the number of animals used for such
testing. Previously, we developed a 3D testicular culture system which mimics the
in vivo microenvironment of developing testes in the rat. We have demonstrated
that our culture system is able to distinguish between developmentally toxic phthalate esters (DTPEs) from developmentally non-toxic phthalate esters (DNTPEs)
based on observed changes in gene expression patterns. In the current study we
sought to compare genomic changes observed in this culture system with those observed in vivo after a week-long exposure to the same phthalate esters (Liu et al.,
2005). A trend in which DTPE exposure was associated with a greater number of
gene expression changes than DNTPE exposure was observed both in vitro and in
vivo. Furthermore, we observed that probes linking genes in the Gene Ontology
category “steroid biosynthetic process” formed distinct clusters after exposure to
DTPEs when compared with DNTPEs or controls, with 11% of the 1000 most
significant gene changes (ranked based on ANOVA test) occurring under in vitro
and in vivo conditions for these phthalate esters. Gene ontology analysis using
DAVID software and pooled analysis revealed a number of terms associated with
broad based cellular processes were significantly altered in vitro (cell cycle, cell dif-

ferentiation), while those changed in vivo showed a trend toward more specific
processes related to steroid, cholesterol, or lipid biosynthesis and metabolism.
Challenges involved in making comparisons between the two datasets included differences in experimental design and the need to account for kinetic differences between the experiments.

concentrations to investigate transfer of the compound to the fetus and the potential developmental effects the exposure may have. Supported by LDRD 11-LW-018
and NCRR 13461.
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INTRAUTERINE QUINACRINE (iuQ) USED FOR
HUMAN BIRTH CONTROL: UTERINE
HISTOPATHOLOGY AND PLASMA QUINACRINE (pQ)
DURING 96 HOURS AFTER iuQ IN RATS.

P. Fail1, E. E. McConnell2 and R. Growe3. 1ReproTox Assoc, Iola, KS, 2ToxPath
Inc., Raleigh, NC and 3International Services Assistance Fund, Research Triangle
Park, NC.
This experiment demonstrated early sequential changes in uterine histopathology
and pQ, during 96hours (hrs) after iuQ treatment of Sprague Dawley (SD) female
rats. Doses were selected to estimate maximum tolerated dose (MTD). Sixty-three
rats were randomly assigned to seven treatment groups (tg;n=9/tg). Quinacrine dihydrochloride dihydrate (Q), suspended in 2.0% methylcellulose (MC) in 0.9%
saline (S) at 10, 20, 70 and 250mg/kg body weight or as a solid pellet (P,10mg/kg)
was inserted transcervically during diestrus. Controls were iuMC and iuS (n=9/tg).
Plasma samples, collected from the tail vein at 0.5, 1, 2 and 4hrs (n=9/time/tg) and
at necropsy (6, 24 or 96hrs, n=3/time/tg), were analyzed for pQ. Uterine tissues
were examined histopathologically. Dose dependent acute endometrial necrosis
(focal ulceration, EN) accompanied by inflammation, hemorrhage and stromal
edema occurred by 6hrs after iuQ. Lesions were more severe and multifocal by
24hrs. In some animals at ≥70 mg/kg lesions extended into the myometrium
(ulcer;MU) and were multifocal. Severe MU likely caused deaths of 3/13 animals at
250mg/kg. Significant endometrial regeneration was occurring by 96hrs in a dose
dependent manner, moreso at lower doses. The pharmacokinetic (PK) profile of
pQ was dose related and biphasic—maximal at 1hr after iuQ, with a second peak at
6hrs. The 10mg/kg QP caused higher pQ than 10 or 20mg/kg QMC (P≤0.05). pQ
was 10-fold greater at 250mg/kg than at 70 mg/kg and averaged 625 and 480ng/ml
at 1 and 6hrs. Systemic exposure to iuQ was greater (P≤0.05) after 10mg/kg QP
and at 70 and 250mg/kg QMC than other in tg as measured by pQ area under the
PK curves for both 0-96hr and 0-4hr periods. The pQ cleared rapidly—within
24hrs at 10 to 70mg/kg and by 96hr at 250mg/kg iuQ. Conclusions: data suggest
irreparable diffuse ulceration occurs at doses ≥70 mg/kg; pQ, EN and MU were increased in a dose dependant manner by iuQ. The MTD is 10mg/kg iuQ in MC for
a single dose iuQ in rats.

R. Guillaume and G. J. Sarah. Nonclinical Safety, Sanofi Pasteur, Marcy l’Etoile,
France.
To support the licensure of a new live attenuated vaccine (LAV) against flavivirus
infectious disease, a developmental and reproductive toxicity (DART) program was
initiated to investigate the potential risk for women of childbearing potential and
their offspring during vaccination. In designing a DART program for LAV, the selection of the appropriate species is considered. The species must be relevant being
pathogenically sensitive to the virus and must develop a detectable viremia and humoral response post-vaccination with transfer to the fetus. For systemic toxicity, the
non-human primate had been recognized as the relevant species. However, its use
for DART studies carried technical as well as ethical issues and alternatives were investigated.
The rabbit and mice were selected, since rabbits are commonly used DART species
for vaccines showing humoral response and transfer to fetuses, and some previous
data in mice suggested that viremia might be detectable. Preclinical studies were
conducted, and models were adapted by using the IV route and by pushing the
dose to improve the response to the vaccine. Data in non-pregnant and pregnant
animals showed that rabbit females given three IV injections of 5 to 8 log of infectious dose, elicited a robust antibody response with good antibody transfer to fetuses and no evidence of toxicity in dams and fetuses, but no detectable virus at any
dose level. The female mice given a single IV injection at the same dose levels
showed detectable viral level in dams with transfer to fetus at the high dose only
and limited antibody response, with minimal maternal toxicity at high dose, but
not in the fetuses.
Based on these data, both rabbit and mice were selected for the pivotal DART program. The rabbit model was selected to investigate the effects of the LAV and antibody response through pre-implantation to lactation. The mouse model was selected to investigate the exposure to the virus through embryonic and fetal periods
or during lactation.

2368
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TRANSFER OF TRICLOCARBAN ACROSS THE
PLACENTAL BARRIER.

M. J. Sarachine, V. Walsworth and B. Buchholz. Center for Accelerator Mass
Spectrometry, LLNL, Livermore, CA. Sponsor: A. Buckpitt.
Triclocarban (TCC), an antimicrobial compound commonly added to bar soaps,
has recently been linked to endocrine disruption in studies using in vitro assays.
TCC is a compound of particular concern because it is detected at low levels in
wastewater treatment plant effluent. Exposure to endocrine disruptors through placental transfer may cause harm to the developing fetus. We hypothesize that TCC is
transported across the placental barrier. Combined with accelerator mass spectrometry (AMS), we used the BeWo b30 human placental choriocarcinoma cell line in a
transwell cell culture model to investigate the transfer of TCC across the placental
barrier at environmentally relevant concentrations. The presence of a confluent
monolayer was verified by light microscopy, trans-epithelial electrical resistance,
and the transport of FITC and FITC-Dextrans. Cells were exposed to environmentally relevant concentrations (1, 10, and 63 nM) of TCC. Due to the extremely low
concentrations of TCC in this assay, 14C-TCC was used along with AMS to detect
the transfer of TCC. AMS was sensitive enough to detect transfer across the cells at
the earliest time point examined, 10 minutes, for all three doses. The three concentrations show a similar percentage of dose transferring across the BeWo b30 and
human placental collagen barrier over the 8-hour time course. The percentage of
dose transferred is less than 0.05% at 10 minutes and steadily rises to around 3%.
This study demonstrates TCC transfers at environmentally relevant concentrations
across an in vitro model of the human placental barrier. Establishment of this transfer demonstrates the necessity to investigate if these levels of TCC exert any harmful effects on the development of the fetus. In future studies, we will examine pM
doses using the BeWo b30 transwell assay with AMS. We also plan on using AMS
with 14C-TCC exposures in drinking water of mice at environmentally relevant

SPECIES SELECTION FOR DEVELOPMENTAL AND
REPRODUCTIVE TOXICITY EVALUATION OF A NEW
LIVE ATTENUATED VACCINE AGAINST FLAVIVIRUS
INFECTIOUS DISEASE.

ASSESSMENT OF POSTNATAL DEVELOPMENT IN THE
COMMON MARMOSET (CALLITHRIX JACCHUS) IN
THE CONTEXT OF DART EVALUATION.

C. Luetjens and A. Fuchs. Covance Laboratories GmbH, Muenster, Germany.
Sponsor: G. Weinbauer.
Generally, for nonhuman primate developmental and reproductive toxicity
(DART) studies, macaque monkeys are the preferred model. In some cases, antibody cross-reactivity or metabolic compound profiles require the use of marmosets
for DART evaluation. Since, the reproductive physiology of marmosets differs from
that of human and Old World Monkeys, species-specific reference data are essential. Pregnancy outcome in 44 female marmosets was assessed. Abortion rate in pair
housed marmosets was 18.2% and infant mortality rate was 13.6% on Day 0 postpartum (p.p.). Marmosets had up to four infants per litter – on average 2.4 infants/litter with a sex ratio of female:male 1:0.9. Hence, marmoset pregnancy outcome (Day 0 81.8%; Day 7 p.p. 59.1%) was in the range of cynomolgus monkeys
(Day 0 p.p. 77.2% and Day 7 p.p. 70.2%) (Jarvis et al. 2010; Birth Defects Res B
89:175-187). Marmosets have the advantage of a comparably large litter size among
nonhuman primates. Overall, 14 male and 15 female newborns were studied at
birth (neonatal) and on 28 days of age. They comprised general information, such
as sex determination and ratio, body weight and external abnormalities. On day 0
p.p. and 28 p.p. we also performed morphological examinations on the head (head
length and width, distance between the eyes), the body (crown-rump length,
crown-heel length, tail length, and chest circumference), the extremities (arm
length and leg length), and the ano-genital distance. The data panel demonstrates
the growth rates of neonatal marmosets in the first month of life. For 28 days old
marmoset infants, the generated data panel also includes the length of the femur
and organ weights of the following organs: brain, thymus, heart, liver, thyroids with
parathyroids, spleen, adrenals, kidneys, ovaries, uterus, and testes with epididymides. In conclusion, (limited) DART evaluation is feasible in marmosets if
macaque models cannot be used. The differences, however, permit the use of common marmosets in unconventional research strategies targeted on human pathology.
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DECREASED REPRODUCTIVE INDICES IN H-NAG-1
(GDF-15) MICE CORRELATED TO POTENTIAL
ALTERATIONS IN MAMMARY GLAND FUNCTION.

G. J. Moser1, M. Streicker1, M. Ehinger1, M. Brown1, C. Favaro1, J. Kosak2, T.
Eling2, A. Binder2 and K. Korach2. 1Investigative Toxicology, Integrated Laboratory
Systems, Research Triangle Park, NC and 2National Institute of Environmental Health
Sciences, Research Triangle Park, NC.
The NAG-1 (Nonsteroidal anti-inflammatory drugs (NSAID)-activated gene-1)
gene has been shown to induce anti-inflammatory activity in vitro and in vivo.
Transgenic mice have been generated that ubiquitously overexpress human NAG-1
(h-NAG-1). C57BL/6-Tg(CAG-GDF15) female mice hemizygous for the transgene (h-NAG-1+/-) mated with wild type (WT) males of the same strain have a reduced number of offspring at weaning compared to WT dams mated to h-NAG+/males. To determine the cause of the decreased reproductive fecundity in females,
groups of 16 h-NAG+/- and WT females on a standard diet of 6% fat were continuously mated to proven WT males for approximately 22 weeks. Females were
weighed weekly and pups were weighed at post natal day (PND) 0, 7, 14, and 21.
Although h-NAG-1 mice weigh less than WT throughout their life spans, both
groups gained a comparable percentage of weight during pregnancy; there were no
significant clinical observations in either group. h-NAG-1 (94%) and WT (100%)
females produced a similar incidence of live births and the number of litters was
equal (3.0). At birth, the weight of transgenic pups was comparable, and there were
no differences in male:female survival ratio. There were no gross abnormalities
noted in pups that did not survive. In the 1st, 2nd, and 3rd litters, the mean number of pups/litter at birth was less in h-NAG-1 (6.0) relative to WT mice (8.3); by
PND 21, only 22% of h-NAG-1 pups survived for a mean number of 1.2 pups/litter, while over 66% of WT lived to PND 21 with a mean of 5.1 pups/litter. In general, milk spots were less prominent in h-NAG-1 pups. Mammary glands were collected on mice after the fourth litter or after 22 weeks on study and stained with
carmine alum. While there was no change in ductal development, the data presented herein suggest altered mammary gland function may contribute to the decreased number of weaned pups from h-NAG+/-.

2370

COMPARISON OF PLACENTAL HISTOPATHOLOGY
AFTER ORAL ADMINISTRATION OF
EPOXICONAZOLE TO PREGNANT RATS AND GUINEA
PIGS.

S. Schneider1, S. Stinchcombe2, M. C. Rey Moreno1, S. Gröters1, M. Richter3
and B. van Ravenzwaay1. 1Experimental Toxicology and Ecology, BASF SE,
Ludwigshafen, Germany, 2Regulatory Toxicology Crop Science, BASF SE,
Ludwigshafen, Germany and 3Consumer Safety, BASF SE, Limburgerhof, Germany.
Sponsor: R. Landsiedel.
In previous prenatal developmental toxicity studies with epoxiconazole conducted
in rats and guinea pigs, significant fetal toxicity was seen in rat but not in guinea pig
fetuses. In pregnant rats administered 50 mg/kg bw/day daily from gestation day
(GD) 7-21, a high incidence of late fetal resorptions was associated with depletion
of estradiol in maternal serum and severe damage of the placenta. Guinea pigs are
considered to be more similar to humans in regard to hormonal regulation of pregnancy and parturition and concerning some morphological characteristics of the
placenta. Daily gavage administration of epoxiconazole to pregnant guinea pigs
from GD 6 to 63 at up to 90 mg/kg bw/day (half the lethal dose in guinea pigs) did
not result in significant depletion of maternal serum estradiol and did not induce
any significant placental damage despite of comparable maternal plasma concentrations of epoxiconazole in rats and guinea pigs at 50 mg/kg bw/day. Differences in
sensitivity to aromatase inhibition and different locations of major estradiol production during pregnancy (maternal ovaries in rats and fetoplacental compartment
in guinea pigs) may explain the different extent of fetal toxicity in rat and guinea
pig studies with epoxiconazole. Overall, the lack of fetal toxicity and placental damage in guinea pigs casts further doubt on the human relevance of the rat findings.

2371

PHOSPHORAMIDE MUSTARD-INDUCED OXIDATIVE
STRESS RESPONSE IN THE NEONATAL RAT OVARY.

J. A. Madden and A. F. Keating. Iowa State University, Ames, IA.
Phosphoramide mustard (PM) is the ovotoxic metabolite of the chemotherapy drug
cyclophosphamide. It is known that PM destroys follicles at all stages of development, and causes double-stranded DNA breaks in the oocyte. The mechanisms of
both PM-induced follicle loss and the ovarian protective response against PM exposure, however, remain poorly understood. This study investigated the role for oxidative stress response gene expression in F344 rat ovaries during PM exposure.
Postnatal day 4 (PND4) rat ovaries were cultured in media containing vehicle con-
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trol (1% DMSO; CT) or PM (30 μM) with treatments added on alternative days.
Following 2 or 4 days of culture, RNA was isolated and real-time RT-PCR was used
to measure the temporal pattern of alterations in mRNA levels of the genes encoding the oxidative stress proteins superoxide dismutase 1 (Sod1), expressed in the cytoplasm and mitochondrial expressed Sod2. Additionally, the induction of nuclear
factor erythroid 2-related factor 2 (Nrf2), an ovarian expressed transcription factor
known to be involved in the activation of the oxidative stress response, was studied.
Relative to control treated ovaries, PM increased the mRNA level of Sod1 (25%; P
< 0.05) after 2 days but had no effect (P > 0.05) on Nrf2 or Sod2 mRNA level. PM
exposure increased both Nrf2 (65%; P < 0.05) and Sod1 (14%; P < 0.05) after 4
days. In contrast, Sod2 mRNA levels were decreased (34%; P < 0.05) after 4 days by
PM exposure. These results support a role for the oxidative stress response during
PM-induced ovarian follicle destruction and substantiate the hypothesis that the
ovary has the capacity to respond to ovotoxic exposures including those that may
generate reactive oxygen species (Supported by ES016818).

2372

COMBINED DEVELOPMENTAL AND
PERINATAL/POSTNATAL REPRODUCTION ORAL
TOXICITY STUDY OF AMMONIUM
PERFLUOROHEXANOATE IN MICE.

H. Iwai1, A. M. Hoberman2 and J. E. Klaunig3. 1Daikin Industries Ltd., Settu,
Japan, 2Charles River Laboratories, Horsham, PA and 3Indiana University,
Bloomington, IN.
Introduction: The purpose of this study was to test for toxicity of ammonium perfluorohexanoate (APFHx) to both pregnant female mice and embryo and fetus development. Exposure to APFHx was to the dam from time of implantation to closure of the hard palate and during lactation. Observation of toxic effects was
continued through sexual maturity of the F1 generation mice because manifestations of effects induced during this period may be delayed in the offspring.
Methods: APFHx was administered orally, via gavage, once daily to pregnant CD-1
mice from day 6 of presumed gestation (DG 6) through DG 18 at dosages of 0, 7,
35, 100, 175, 350 and 500 mg/kg/day. After completion of the 20 day postpartum
period (PPD 20), the F0 generation female mice were euthanized. Mice that did
not deliver a litter were sampled on DG 23. Additionally, on PPD 20, all pups not
selected for continued evaluation were euthanized. F1 generation mice selected for
continued evaluation were sacrificed on PPD 41.
Results: Administration of APFHx to pregnant mice resulted in no adverse effects
at doses of 7,35, and 100 mg/kg/bw compared to the control group. An increase in
the number of stillborn pups and pups dying on PPD 0 was seen in the 175
(7/241), 350 (8/245) and 500 (37/177) mg/kg/day dosage groups compared to the
0 mg/kg/day dosage group(4/470=0/249+4/221) .
In the F1 generation litters, pup body weights were significantly reduced on PPD 0
in the 100 mg/kg/day and higher dosage groups, but this decrease in body weights
persisted only in the 350 and 500 mg/kg/day dosage groups. Additional effects, including stillbirths, reductions in viability indices, and delays in eye opening in F1
generation mice occurred only in the two highest dose groups (350 and 500
mg/kg/day).
Conclusion: The maternal NOAEL for APFHx is 100 mg/kg/day. The NOAEL for
developmental and perinatal/postnatal oral toxicity in the F1 generation for
APFHx is below 100 mg/kg/day.

2373

ADVANCEMENT OF VAGINAL OPENING IN THE
FEMALE RAT FOLLOWING NEONATAL BPA
EXPOSURE IS ASSOCIATED WITH DISRUPTION OF
HYPOTHALAMIC RFRP3 SIGNALING PATHWAYS.

S. M. Losa, K. L. Todd, K. A. McCaffrey and H. B. Patisaul. Department of
Biology, North Carolina State University, Raleigh, NC.
It has previously been shown that exposure to bisphenol A (BPA) and other xenoestrogens can advance pubertal onset, as assessed by vaginal opening, in female rodents. This is a dose dependent effect and is only observed in low dose exposure,
but not high dose exposure. The underlying mechanism for this accelerated pace of
reproductive development remains unknown. RFamide-realted-peptide3 (RFRP3),
along with kisspeptin (KISS), a related RFamide, have been suggested to play important regulatory roles in the initiation of pubertal onset and the preovulatory gonadotropin surge. Kisspeptin stimulates gonadotropin releasing hormone (GnRH)
release, while RFRP3 inhibits it. Here we hypothesized that advanced vaginal opening following neonatal BPA exposure is due to reduced RFRP3 inhibitory input on
GnRH activity. We used a transgenic strain of Wistar rats whose GnRH neurons
produce green fluorescent protein (GFP). Pups were exposed via subcutaneous injection to vehicle (sesame oil), 17β estradiol (E2), 50 μg/kg BPA (LOW BPA) or
50mg/kg BPA (HIGH BPA) daily from the day of birth (post natal day zero (PND

0) through PND 3. Females were sacrificed on PNDs 28 and 33, and unexposed
male siblings were sacrificed on PND 33 to assess sex differences. RFRP3 fiber density in the rostral periventricular region of the third ventricle (RP3V), cell numbers
in the dorsomedial nucleus (DMN) and appositions on preoptic GnRH neurons
were quantified using immunohistochemistry and confocal microscopy. RFRP3
fiber density and cell numbers were decreased in the E2 and LOW BPA groups, the
same groups that displayed early vaginal opening. Similar group differences were
also observed for the percentage of GnRH neurons with RFRP3 appositions, but
this result did not reach statistical significance. None of the endpoints observed
were sexually dimorphic. Collectively, our results indicate a role for decreased inhibition of GnRH release as a potential underlying mechanism for advanced vaginal
opening.

2374

ATRAZINE-MEDIATED DISRUPTION OF
STEROIDOGENESIS IN BLTK1 MURINE LEYDIG
CELLS.

A. L. Forgacs1, R. Jaremba1, I. T. Huhtaniemi2, N. A. Rahman2 and T. R.
Zacharewski1. 1Department of Biochemistry & Molecular Biology, Center for
Integrative Toxicology, Michigan State University, East Lansing, MI and 2Department
of Physiology, University of Turku, Turku, Finland.
Atrazine (ATR), a widely used triazine herbicide, has been associated with impaired
reproductive development and function. ATR effects on steroidogenic activity were
assessed in BLTK1 cells, a novel murine Leydig cell line (BLT-1 cells, clone K1)
using commercially available enzyme immunoassays for testosterone (T) and progesterone (P). BLTK1 cells maintain an intact steroidogenic pathway producing low
basal levels of T, express all necessary steroidogenic enzymes (Star, Cyp11a1,
Cyp17a1, Hsd3b, Hsd17b3, Cyp19a1 and Srd5a1) and 3 ng/ml recombinant
human chorionic gonadotropin (rhCG) induces cAMP (~100-fold), P (~10-fold)
and T (~5-fold) levels. BLTK1 cells were stimulated with 1, 3, 10, 30, 100, 300,
600 μM ATR, 3 ng/ml rhCG, a combination of 300 μM ATR + 3 ng/ml rhCG or
DMSO vehicle. Media were collected for hormone level determination and gene
expression evaluation was conducted after 24 hrs. ATR elicited concentration-dependent induction of P (~6-fold) and T (~3-fold). Co-treatment of 300 μM ATR
with 3 ng/ml rhCG, which mimicks Leydig cells stimulated by luteinizing hormone exposed to ATR, resulted in similar levels of P (~6-fold) and T (~4-fold) as
with ATR alone, but lower levels when compared to 3 ng/ml rhCG alone, suggesting ATR antagonizes rhCG-induced steroidogenesis. This is consistent with the induction of steroidogenic acute regulatory protein (Star) mRNA by rhCG (~12fold) which was antagonized with ATR co-treatment by ~ 50% (6-fold),
comparable to the induction elicited by ATR treatment alone (~4-fold). Similarly,
the expression of 5α-reductase (Srd5a1), which is induced 2-fold by rhCG alone,
was not evident with co-treatment of rhCG with ATR (no significant fold change),
whereas ATR treatment results in 2-fold down-regulation. These data suggest that
ATR antagonizes rhCG-induction of steroidogenesis in BLTK1 Leydig cells by altering steroidogenic enzyme gene expression

2375

REPRODUCTIVE TOXICITY EVALUATION OF MAJOR
SUBMARINE ATMOSPHERE COMPONENTS IN RATS.

D. J. Hardt and M. L. Gargas. Naval Medical Research Unit—Dayton, WrightPatterson AFB, Dayton, OH.
Recent congressional approval allowing women to serve on submarines necessitates
additional investigation into the suitability of existing submarine breathing air standards. This study evaluates the general, reproductive and developmental health effects upon male and female rats exposed to mixtures of three critical submarine atmospheric components (carbon monoxide, carbon dioxide and oxygen) at
concentrations that represent the current submarine standards for normal operating
conditions (90 days), the 24-hour short-term exposure limit, and the 1-hour emergency exposure limit. The complete study is divided into three phases designed to
determine whether existing Navy standards for these gases are health protective of
male and female submarine crew members. The results of the first phase, which was
a range finding study to screen for overt toxicities after 14 days of exposure, are described here. Four groups of 16 male and 16 female CD® IGS rats were exposed
via whole body inhalation to clean air (0.4 ppm CO, 0.1% CO2, 20.6% O2), a lowdose gas mixture (4.6 ppm CO, 0.4% CO2, 17.1% O2), a mid-dose gas mixture
(13.9 ppm CO, 1.2% CO2, 16.1% O2) and a high-dose gas mixture (88.4 ppm
CO, 2.5% CO2, 15.0% O2) for 23 hours per day for 14 consecutive days. The tissues examined post-exposure included the brain (basal ganglia; hippocampus; hypothalamus), heart, pancreas, liver, spleen, kidneys, adrenal glands, pituitary gland,
male reproductive organs (testes; seminal vesicles; prostate), and female reproductive organs (ovaries; uterus; vagina). The pathological findings were unremarkable,
or incidental to exposure, and blood analysis results were within normal clinical parameters. The gas mixture exposure concentrations were well tolerated by the rats

and are currently being used in a 90-day subchronic, 2-generation developmental
and reproductive toxicity evaluation designed to assess the adequacy of the current
atmospheric standards.
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EFFECT OF DIET-INDUCED OBESITY ON
XENOBIOTIC METABOLIZING GENE EXPRESSION IN
THE OVARY.

J. Nteeba1, K. Stromsdorfer2, J. Perfield2, 3 and A. Keating1. 1Department of
Animal Science, Iowa State University, Ames, IA, 2Department of Nutrition and
Exercise Physiology, University of Missouri, Columbia, MO and 3Department of Food
Science, University of Missouri, Columbia, MO.
Obesity is associated with compromised reproductive function, aberrant insulin
signaling and development of Type II diabetes. The ovary contains a finite number
of primordial follicles, which once depleted, cannot be replaced, leading to premature ovarian failure. Chemical exposures can deplete primordial follicles making
ovarian xenobiotic metabolism critical for protection of the female germ cell.
Insulin regulates liver xenobiotic metabolizing enzymes, thus impairment of insulin
signaling could alter chemical metabolism. This study was designed to investigate
the impact of diet-induced obesity on mRNA and protein expression of the ovarian
insulin receptor (Insr) and four ovarian expressed xenobiotic metabolizing enzymes:
Microsomal epoxide hydrolase (mEH), Cytochrome P450 isoform 2E1 (Cyp2e1),
Glutathione S-transferase (Gst) isoforms mu (Gstm) and pi (Gstp). C57Bl/6J mice
fed either a standard chow or a high-fat diet (HFD; 60% kcal fat) from 6 weeks of
age for approximately 7 months entered into a diabetic state as established by glucose tolerance testing. Total ovarian RNA and protein were isolated from these mice
and RT-PCR or Western blotting used to quantify mRNA level of Insr, mEH,
Cyp2e1, Gstm and Gstp or protein level of INSR, MEH, GSTM and GSTP.
Statistical analyses were performed using the unpaired t-test function of GraphPad
Prism software. Obese mouse ovaries had increased mEH (2.34-fold; P < 0.1), Gstm
(1.46-fold; P < 0.1) and Gstp (1.61-fold; P < 0.05) mRNA, but had decreased
(0.29-fold; P < 0.05) Cyp2e1 mRNA, relative to their lean littermates. There was no
effect of obesity on MEH and GSTM protein level; however there was a trend (P ≤
0.1) for decreased INSR and GSTP protein. Taken together these results support
the hypothesis that high fat diet-induced obesity results in aberrant expression of
ovarian xenobiotic metabolizing genes through impaired insulin signaling
(Supported by ES016818).

2377

FREQUENCIES OF PRENATAL LOSS, NONVIABLE
BIRTHS, PREMATURE/PRETERM BIRTHS, AND
POSTNATAL DEATHS IN CYNOMOLGUS MONKEYS.

S. Oneda1, N. Lalayeva1, R. Watson1, N. Makori1, P. Franklin1, T. Beck1 and
R. Nagata2. 1Safety Assessment, SNBL USA, Ltd., Everett, WA and 2Shin Nippon
Biomedical Laboratories, Ltd., Tokyo, Japan.
Background: Historical background data of prenatal loss, nonviable birth (stillbirth), premature and preterm births, and postnatal neonate mortality are essential
for interpretation of reproductive and developmental toxicity (DART) studies. In
this presentation, these frequencies in Cynomolgus monkeys (Macaca fascicularis)
under experimental conditions (e.g., timed mating, individually housed, administered vehicle/control article) are summarized. Methods: Frequencies of prenatal loss
(PL, including abortion, resorption, and in utero embryo-fetal death before gestation day (GD) 140), stillbirth (SB, birth of a nonviable neonate or in utero fetal
death on or after GD140), premature birth (PMB, birth of viable neonate before
GD140) and preterm birth (PTB, birth of a viable neonate between GDs 140 and
154), normal, uncomplicated birth (NB, birth of viable neonate after GD154), and
postnatal neonate death (ND) were reviewed in control groups from 31 DART
studies (including 13 embryo-fetal development studies and 18 pre- and postnatal
studies). This includes a total of 510 maternal animals, with an age range of 3 to 11
years at GD0. Results: Mean frequencies (mean ± SD) of all studies were 16.7 ±
7.6% in PL, 13.7 ± 8.2% in SB, 3.3 ± 4.3% in PMB, 18.7 ± 11.7% in PTB, and
67.3 ± 15.1% in NB. Mean gestation length was 159 ± 8 days (including SB, PMB,
PTB and NB). Thirteen neonates out of 216 live births died (6.0 ± 5.3%), and 10
of the 13 deaths occurred within 7 days after birth. Frequencies of ND were 71% in
PMB, 10% in PTB, and 2% in NB. Conclusion: Frequency of ND clearly increased in PMB (71%) when compared with that of PTB (10%) and NB (2%).
Since PTB was not uncommon (18.7%) and frequency of ND in PTB neonates
(10%) was generally comparable with that of NB (2%), PTB is considered to be
within normal biological variation in Cynomolgus monkeys. These data are important to assess effects of test compound on maintenance of pregnancy, parturition,
and neonate survival.
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2378

EFFECTS OF NEONATAL EXPOSURE TO LOW-DOSE
17α-ETHINYLESTRADIOL ON THE PUBERTY OF
FEMALE RATS.

M. Shirota1, J. Kawashima1, T. Nakamura1, Y. Ogawa1 and K. Shirota2.
1Laboratory of Comparative Toxicology, School of Veterinary Medicine, Azabu
University, Sagamihara, Japan and 2Laboratory of Veterinary Pathology, School of
Veterinary Medicine, Azabu University, Sagamihara, Japan.
In this study, we examined effects of low-dose exposure to estrogenic compounds
during the critical period for the hypothalamic sexual differentiation on female puberty in the rat.
[Experimental Design]: Female Sprague-Dawley neonates were orally administered
17α-ethinylestradiol (EE) at a daily dose level of 0 (vehicle control), 0.4 or 2 μg/kg
from postnatal day (PND) 1 to 5. The neonates of all groups were nursed by the
same dams and were weaned on PND 21. Then, the animals were humanely killed
for necropsy on the day of vaginal opening (VO) to confirm the first ovulation.
Some of 2 μg/kg-treated animals were confirmed to form corpora lutea (CL) 7 days
after VO. At the necropsy, the numbers of oocytes shed and CL and weights of
ovaries and uterus as well as other major organs were determined. [Results &
Discussion]: The treatment did not affect growth of the animals, and VO was confirmed in all animals. The first ovulation was observed in 100, 87.5 or 50% of them
with 10-15, 6-15 and 6-12 of oocytes or CL in the 0, 0.4 or 2 μg/kg-treated group,
respectively. In the 2 μg/kg-treated group, these values and weights of ovaries and
uterus in the ovulated animals were smaller than those in the control. At the
necropsy 7 days after VO, CL were formed in the ovaries of 87.5% of the 2 μg/kgtreated animals, and the number of CL was approximately 1-2 times larger than
that counted at the first ovulation. These results indicate that neonatal exposure to
low-dose EE exerts little effects on the timing of vaginal opening but delays the first
ovulation with reduction in the number of oocytes shed. Since the treatment at the
dose level of 2 or 0.4 μg/kg has been found to cause persistent estrus until postnatal week 8 or 16 at the least, respectively (presented at the 38th Annual Meeting of
JST, 2011), the disruptive effects of the neonatal exposure to low-dose EE on female puberty may concern with the delayed effects on estrous cycle.

2379

REPRODUCTIVE EFFECTS IN F1 ADULT FEMALE
MICE EXPOSED IN UTERO TO MODERATE TO HIGH
DOSES OF MONO-2-ETHYLHEXYLPHTHALATE
(MEHP).

B. J. Moyer and M. L. Hixon. Brown University, Providence, RI.
Humans in industrialized countries have nearly ubiquitous exposure to phthalates,
plasticizing agents with noted potential for endocrine disruption. Mono-2-ethylhexyl phthalate (MEHP) is the primary metabolite of the most widely used phthalate, Di-2-ethylhexyl phthalate (DEHP). DEHP has been widely recognized as a
male reproductive toxicant; and implicated as a human female reproductive toxicant following prolonged exposure to high doses of phthalates. In this study, pregnant C57/BL6 mice were exposed via oral gavage to corn oil, 100, 500, or 1000
mg/kg MEHP at gestational days 17 through 19. No overt maternal toxicity was
observed. No significant delays in vaginal opening were observed and body and
ovarian weights were similar between vehicle- and MEHP-exposed adult F1 females. However, F1 females did exhibit a delayed onset of estrous in both the 500
and 1000 mg/kg MEHP exposure groups relative to controls with the average onset
in control mice at PND 36 ± 1.9 and in both F1 exposed groups the average onset
of estrus was approximately 39.0 ± 2.0 days of age. A prolonged estrus stage and decreased incidence of the diestrous stage was observed in all exposure groups. Serum
FSH and estradiol levels at estrus were significantly higher in the 1000mg/kg
group. In addition, altered mRNA expression levels were observed in adult F1 females for genes involved in stroidogenesis, LHCGR, aromatase, and StAR.
Collectively, these findings suggest that late gestational exposure to phthalates leads
to altered ovarian function and steroidogenesis in the F1 MEHP-exposed generation.

2380

REPRODUCTIVE ASSESSMENT BY CONTINUOUS
BREEDING OF HEXACHLOROBENZENE IN SPRAGUE
DAWLEY RATS.

C. R. Blystone1, J. B. Bishop1, G. W. Wolfe2, 3 and M. J. Hooth1. 1National
Toxicology Program/NIEHS, Research Triangle Park, NC, 2TherImmune Research
Corporation, Gaithersburg, MD and 3Gary Wolfe Toxicology, LLC, Herndon, VA.
Hexachlorobenzene (HCB), a persistent organic pollutant, was evaluated for potential reproductive and developmental toxicity by the NTP in a reproductive assessment by continuous breeding (RACB) study, which incorporates multiple breed-
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ings to assess fertility. Dose levels of 0, 0.5, 2.5, and 12.5 mg/kg/day were administered to Sprague-Dawley rats (n = 20/sex/group) via gavage over two generations. In
the parental (P0) generation, there was minimal effect on male body weight (≤ 8%
decrease from controls) and no effect on female body weight. Hexachlorobenzene
administration decreased the number of P0 females with normal estrous cycles in
the 2.5 mg/kg and 12.5 mg/kg dose groups. Pregnancy index (female’s
delivering/co-habiting pairs) was not affected by HCB. Hexachlorobenzene administration did not decrease litter size on PND 1, but did significantly reduce F1c pup
weight and survival in the 12.5 mg/kg dose after birth, with no pups surviving past
PND 9 in the F1c generation. There was no effect on F1a, F1b, or F1c male or female pup weights or F1c female weights after weaning and a minimal effect on male
weights (< 4% decrease) in the 2.5 mg/kg/d group after weaning. Visceral and
skeletal examinations of the F1a and F1b at PND 1 did not find any treatment related increase in malformations, but the number of skeletal variations increased in
the 12.5 mg/kg group (short supernumerary rib). Preputial separation was delayed
by 1.7 days in the F1c males administered 2.5 mg/kg. There were no treatment related effects in reproductive parameters measured after cohabitation of the F1c animals (0.5 and 2.5 mg/kg/d) up to final necropsy at PND 1, including estrous
cyclicity and sperm measurements. Within this study, HCB administration induced significant reproductive toxicity during lactation (decreased pup survival) in
SD rats at 12.5 mg/kg/d, but not at lower doses. These are preliminary data that
have not been peer reviewed by the NTP.

2381

NORMAL AND CHEMICALLY-ALTERED MAMMARY
GLAND DEVELOPMENT IN THE MALE AND FEMALE
HARLAN SPRAGUE DAWLEY RAT.

A. J. Filgo1, 2, A. R. Borde3, P. Borde3, L. M. Beck4 and C. E. Reed2.
1Curriculum of Toxicology, University of North Carolina at Chapel Hill, Chapel Hill,
NC, 2NTP Labs Branch, NIEHS, Research Triangle Park, NC, 3University of North
Carolina at Chapel Hill, Chapel Hill, NC and 4School of Medicine, University of
Missouri, Columbia, MO.
The National Toxicology Program (NTP) renovated their 2 yr bioassay to incorporate developmental chemical exposures and evaluation of mammary gland development. Another change in these studies is the use of Harlan Sprague Dawley (HSD)
rats. The normal development of mammary tissue in the HSD rat has not yet been
documented. We created an encyclopedia of mammary gland development in both
the male and female HSD rat offspring, starting with gestational day (GD) 15
through postnatal day (PND) 70. In addition, prenatal exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and diethylstilbestrol (DES) were used to
demonstrate delayed and accelerated mammary gland growth, respectively. All
dams were gavage dosed on GD 15 and GD 18 with either 10ug DES/kg body
weight (bw), 0.5ug TCDD/kg bw, or 5ml sesame oil/kg bw, as the control. Fetal
mammary glands were collected for histological preparations with the skin attached, on GD 15-21. After birth the 4th and 5th mammary glands were collected
for histological preparations and whole mount on PND 1, 4, 8, 12, 16, 21, 33, 45
and 70. Mammary tissue from the dams in each dose group were also prepared for
histological sections and whole mounts on GD 15-21 and PND 1, 4, 8, 12, 16 and
21. We performed standard H&E staining, mammary whole mount evaluation,
and staining for the estrogen and progesterone receptors. Our findings illustrate
normal, accelerated, and delayed mammary gland development in HSD male and
female rats. There were differences noted between male and female tissues, but effects of chemical treatment were also noted within each gender. This comprehensive atlas of mammary gland development in the HSD rat will be a key component
in helping the NTP and other researchers understand and interpret effects of chemicals in this strain in current and future studies. This abstract has been reviewed by
the NIEHS.

2382

REGULATION OF OVARIAN XENOBIOTIC
METABOLIZING GENE EXPRESSION BY
PHOSPHATIDYLINOSITOL-3 KINASE SIGNALING.

P. Bhattacharya and A. F. Keating. Iowa State University, Ames, IA.
Signaling by phosphatidylinositol-3-kinase (PI3K), a lipid kinase, regulates primordial follicle oocyte viability and activation. In pre-antral follicles, PI3K signaling is
activated by binding of granulosa cell-produced Kit ligand (KITL) to the oocyteexpressed receptor, c-KIT. Ovotoxicity caused by both 4-vinylcyclohexene diepoxide (VCD) and 7,12-dimethylbenz[a]anthracene (DMBA) is mediated through decreased PI3K signaling and PI3K inhibition prevents VCD-induced but accelerates
DMBA-induced primordial follicle loss in cultured neonatal rat ovaries.
Microsomal epoxide hydrolase (mEH) is known to detoxify VCD but bioactivate
DMBA, thus a role for altered xenobiotic metabolism during PI3K inhibition is hypothesized. This study investigated the involvement of PI3K signaling in regulation

of the ovarian xenobiotic metabolism genes mEH and Glutathione S-transferase
(GST) isoforms, pi (p) and mu (m). Also, a role for PI3K signaling in activation of
transcription factors NF-E2-related factor 2 (Nrf2) and Aryl hydrocarbon receptor
(Ahr), known to regulate xenobiotic metabolism gene expression, was determined.
c-kit (upstream of PI3K) mRNA level during PI3K inhibition was also evaluated.
Post-natal day 4 (PND4) rat ovaries were cultured in medium containing vehicle
control (1% DMSO; CT) or LY294002 (PI3K inhibitor, 20 μM) for 2, 4 or 6d.
mRNA and protein levels were measured by RT-PCR and Western blotting, respectively. Inhibition of PI3K signaling reduced (P < 0.05) Gstp, meh and Ahr but increased (P < 0.05) Gstm mRNA after 2d. After 4d, PI3K inhibition increased (P <
0.05) Gstp, Gstm, meh and Ahr mRNA levels. Neither Nrf2 nor c-kit mRNA was
impacted by PI3K inhibition. Increased (P < 0.05) GSTP, GSTM, mEH, AHR and
NRF2 protein levels due to PI3K inhibition were observed at d4 and d6. These data
indicate that PI3K signaling regulates ovarian xenobiotic metabolism genes. Also,
these findings support that the differential ovotoxic impact of PI3K inhibition during VCD and DMBA exposure may due to altered metabolism (Supported by
ES016818).

2383

MONO-2-ETHYLHEXYL PHTHALATE-INDUCED
OXIDATIVE STRESS IN HUMAN PLACENTAL CELLS.

L. M. Tetz1, R. Loch-Caruso1, R. Giese2 and P. Wang2. 1Environmental Health
Sciences, University of Michigan School of Public Health, Ann Arbor, MI and
2Department of Pharmaceutical Sciences, Barnett Institute, Northeastern University,
Boston, MA.
Di-2-ethylhexyl phthalate (DEHP) is an environmental contaminant used as a
plasticizer in polyvinyl chloride products. Mono-ethylhexyl phthalate (MEHP), the
active metabolite of DEHP, increases reactive oxygen species production and decreases antioxidants in liver, kidney and testicular cells. To investigate whether placenta is a potential target of MEHP, we evaluated MEHP effects on oxidative DNA
adduct formation, apoptosis and expression of redox-sensitive genes in placental
cells using the human extravillous trophoblast cell line HTR-8/SVneo. To measure
hydroxy thymine adduct formation, cells were treated with DMSO (solvent control), 100 μM MEHP, 200 μM MEHP, or 50 μM tert-butylhydroperoxide (TBHP;
positive control) for 24 h. DNA then was extracted, and concentrations of hydroxy
thymine were quantified using mass-spectrometry. Treatment with 200 μM MEHP
increased hydroxy thymine adduct formation two-fold compared with solvent controls. To assess apoptosis, caspase 3/7 activation was measured using a luminescence-based assay following 24-h exposure to DMSO (solvent control), 100 μM
MEHP, 200 μM MEHP, or 4 mM camptothecin (positive control). A 1.5-fold increase in caspase 3/7 activation (p≤0.05) was observed with 200 μM MEHP treatment. RNA expression of 84 redox sensitive genes was measured in cells exposed to
200 μM MEHP for 4, 8 or 24 h using a RT-PCR array (n=3 experiments). Eight
genes were significantly changed two-fold or more in cells exposed to MEHP compared to solvent control: GLRX2, PTGS2, PRNP, TXNRD1, SCARA3, MSRA,
DHCR24, and AOX1. This study suggests that MEHP induces oxidative stress in
human placental cells.

2384

OXIDATIVE INSULT ACTIVATES PARTURITIONASSOCIATED PATHWAYS IN A HUMAN PLACENTAL
CELL LINE.

C. S. Korte and R. Loch-Caruso. Environmental Health Science, University of
Michigan, Ann Arbor, MI.
Preterm birth is a significant public health problem with over one-third of infant
deaths directly attributed to premature delivery. Although mechanisms of preterm
birth are not fully understood, it is well-established that prostaglandins play a key
role in parturition. Moreover, cells within gestational tissues, including the placenta
and extra-placental membranes, undergo programmed cell death, or apoptosis, during labor. Although parturition is associated with markers of oxidative stress within
gestational tissues, the impact of oxidative stress on labor-promoting pathways has
received little attention. The present study examined the effect of oxidative insult
on prostaglandin (PG) and apoptotic pathway activation in placental cells using the
human extravillous trophoblast cell line HTR-8/SVneo and tert-butyl hydroperoxide (TBHP) as a model pro-oxidant. After 4, 8 or 24 h exposure to 12.5, 25 or 50
μM TBHP, caspase-3/7 activity, PGE2 release, and prostaglandin-endoperoxide
synthase 2 (PTGS2) mRNA expression were assayed. At 4 and 24 h, 50 μM TBHP
induced significant 6.4 and 7.0 respective fold increases in PGE2 release into the
culture medium (p<0.05). This was accompanied by significant 9.6, 6.7, and 2.9fold increases in PTGS2 mRNA expression at 4, 8 and 24 h (p<0.05). Treatment
with 50 μM TBHP also significantly increased caspase-3/7 activity by 5.3- and 5.9-

fold at 8 and 24 h, respectively (p<0.05). Furthermore, the increased caspase activity was inhibited by pretreatment with the antioxidant iron-chelating agent deferoxamine (1 mM), suggesting that oxidative insult induced apoptosis. In summary,
these results show that oxidative insult stimulates responses in human placental
cells linked to parturition. Because many environmental chemicals induce cellular
oxidative stress, this suggests a plausible mechanism that may underlie associations
between some environmental pollutant exposures and increased risk for preterm
birth.

2385

A NOVEL QUANTITATIVE METHOD FOR THE
COMPARISON OF MAMMARY GLAND DEVELOPMENT
IN MULTIPLE STRAINS OF RAT.

J. P. Stanko and S. E. Fenton. NTPL/NTP/NIEHS, Research Triangle Park, NC.
The rodent mammary gland (MG) has been utilized as an endpoint for assessing
the developmental toxicity of endocrine disrupting chemicals in few studies. These
studies employ either basic dimensional measurements or developmental scoring of
morphological characteristics, such as branching density, as a means to quantify
MG development. The Sholl analysis is a quantitative method used to measure
morphological characteristics in neuronal dendritic patterns. Briefly, development
is assessed by overlaying the image with concentric rings and measuring the number
of branch/ring intersections. The present study describes the use of the Sholl
method to objectively quantify morphological MG branching density as a measure
of development. We employed this method to compare natural MG development
in Long Evans (LE), Charles River Sprague Dawley (CRSD), and Harlan Sprague
Dawley (HSD) rats, three strains commonly utilized in developmental toxicity
studies. Mammary glands were collected from female offspring on postnatal day
(PND) 25, 33, and 45 for whole mount preparation. ImageJ analysis software
(1.44p, National Institute of Health, USA) was used to create binary images of the
glands and MetaMorph® Image Analysis Software (6.2r4, Molecular Devices,
Sunnydale, CA) was used to conduct the analyses. Mammary gland development
was more advanced in female HSD rats on PND25 as exhibited by significantly
more intersections (475.3±18.9, p<0.001) than either LE (311.6±35.8) or CRSD
(315.2±20.2) rats while no significant differences were observed in body weight between female offspring of the three strains. This advanced development on PND25
in HSD glands compared to LE and CRSD glands was also reflected in the subjective scoring of morphological characteristics suggesting that both methods are adequate and consistent for assessing MG development. Additional pubertal data was
collected for comparison with mammary gland development. This abstract does
not necessarily reflect NIEHS policy.

2386

BROMINATED DIPHENYL ETHER-47 ENHANCED
MRNA EXPRESSION OF PRO-INFLAMMATORY
CYTOKINES AND PROSTAGLANDIN-ENDOPEROXIDE
SYNTHASE 2 IN HUMAN PLACENTAL CELLS.

H. Park, P. W. Kimani and R. Loch-Caruso. Environmental Health Sciences,
University of Michigan, Ann Arbor, MI.
Preterm birth is associated with infant death and adverse outcomes that can persist
into adulthood. Although the etiology of preterm birth is not fully determined, it is
well-established that prostaglandin production is a key player in the parturition
process. Production of prostaglandins is stimulated by inflammatory cytokines and
the increased expression of prostaglandin-endoperoxide synthase-2 (PTGS-2).
Polybrominated diphenyl ethers (PBDEs) are widely used as flame retardant compounds. Brominated diphenyl ether-47 (BDE-47) is a PBDE congener that bioaccumulates in human breast milk, serum and placenta. Despite the presence of
PBDEs in human placenta and the importance of cytokine regulation in parturition, the effects of PBDEs on pregnancy are poorly understood. The present study
examined the effect of BDE-47 on mRNA expression of inflammatory cytokines
and PTGS-2 using a human extravillous trophoblast cell line, HTR-8/SVneo,
which was derived from first trimester placenta. HTR-8/SVneo cells were treated
with 5, 10, 20 or 50 μM BDE-47 for 24 h. mRNA expression of interleukin (IL)6, IL-8, transforming growth factor (TGF)-β1 and PTGS-2 was quantified using
quantitative real-time RT-PCR. Treatment with 50 μM BDE-47 increased mRNA
expression of the pro-inflammatory cytokines IL-6 and IL-8, as well as the
prostaglandin synthesis enzyme PTGS-2 in HTR-8/SVneo cells. There were no significant changes in mRNA expression of TGF-β1. These data indicate that exposure to BDE-47 enhanced expression of proteins important for signaling onset of
parturition. Further research is needed to ascertain potential relevance of these findings to pregnancy.
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2387

MONO-(2-ETHYLHEXYL) PHTHALATE INDUCES
OXIDATIVE STRESS IN MOUSE ANTRAL FOLLICLES.

W. Wang, Z. R. Craig, M. S. Basavarajappa and J. A. Flaws. Comparative
Bioscience, University of Illinois at Urbana-Champaign, Urbana, IL.
Phthalates are synthetic plasticizers that are widely used in plastics and many other
common consumer products. Exposure to these chemicals can cause developmental
and reproductive toxicity. Our previous studies show that di-(2-ethylhexyl) phthalate (DEHP) inhibits follicle growth by inducing oxidative stress. In this study, we
tested the hypothesis that mono-(2-ethylhexyl) phthalate (MEHP), the active
metabolite of DEHP, also inhibits the growth of antral follicles through an oxidative stress pathway. Antral follicles were isolated from ovaries of adult CD-1 mice
(age 30-35 days) and cultured with vehicle control (dimethylsulfoxide, DMSO) or
MEHP (0.1-100ug/ml) ± N-acetyl cysteine (NAC, an antioxidant) (0.5mM) for
96h. During culture, follicle size was evaluated daily as a measurement of follicle
growth. At the end of the culture, follicles were collected and processed for in vitro
reactive oxygen species (ROS) assays, which measure the presence of free radicals in
the samples, an indicator of oxidative stress. The results indicate that MEHP (1100ug/ml) suppresses the growth of follicles compared to DMSO controls and that
NAC (0.5mM) blocks the ability of MEHP to inhibit follicle growth. Furthermore,
MEHP (1 μg/ml) significantly increases ROS levels compared to DMSO controls,
whereas NAC (0.5mM) co-treatment protects the follicles from MEHP induced
high ROS levels. Collectively, these data suggest that MEHP suppresses the growth
of antral follicles via an oxidative stress mechanism. Supported by: NIHES019178
(JAF), Billie A Field fellowships (WW and ZRC), and the Environmental
Toxicology Scholar Program (MSB).

2388

EVALUATION OF THE REPRODUCTIVE TOXICITY OF
α-HEXYL CINNAMIC ALDEHYDE.

V. T. Politano1, E. M. Lewis2, A. M. Hoberman2, R. M. Diener3 and A. Api1.
1Research Institute for Fragrance Materials, Inc., Woodcliff Lake, NJ, 2Charles River
Laboratories Preclinical Services, Horsham, PA and 3Argus International, Inc.,
Horsham, PA.
α-Hexyl cinnamic aldehyde (HCA) is a widely used fragrance ingredient. An oral
(gavage) dosage-range finder for a reproductive toxicity study was conducted in
rats. Eight rats/sex/group were gavaged with 0, 12.5, 25, 50 and 100 mg/kg/day
HCA in a corn oil vehicle. Daily dosing began 14 days before cohabitation,
through cohabitation, and continued through the day before euthanasia (males) or
day 4 of lactation (females). There were no adverse clinical observations, gross lesions, or microscopic findings in the P generation rats. Body weight and feed consumption were not affected in the males. During the lactation period, maternal
body weight gains were 78% lower in the 100 mg/kg/day group and feed consumption was 84% of control values. Estrous cycling, mating, fertility, natural delivery, litter observations, necropsy, and reproductive organ weights were not affected. Upon completion of the range finder, a 14-day repeated dose study was
conducted to determine the tolerability of higher dosages. Five rats/sex/group were
gavaged with 0, 125, 250, 500 and 1000 mg/kg/day HCA for 14 days. Severe adverse clinical signs were noted at 1000 mg/kg/day. Irritation of the gastric mucosa
was observed during gross necropsy and adverse microscopic changes were noted in
the stomach and kidneys at 1000 mg/kg/day. Only mild transient effects on body
weight occurred at 500 mg/kg/day; effects that may be too low to produce the required ‘slight parental toxicity’ in a 1-gen reproduction study. However, animal distress if tested at a higher dosage for longer than 14 days is a concern. Because no significant effects were observed in the dosage range finding study, and the inability of
the parental animals to tolerate higher dosages, the 1-gen study was not conducted.
Based on these results, HCA produces no adverse reproductive or developmental effects at doses as high as 100 mg/kg/day, but does show general systemic toxicity at
higher doses, i.e., above 500 mg/kg/day.

2389

ASSESSING REPRODUCTIVE AND DEVELOPMENTAL
ALTERATIONS ASSOCIATED WITH BENZO(A)PYRENE
EXPOSURE IN FUNDULUS HETEROCLITUS.

F. T. Booc1, C. Thornton1, X. Fang1, A. Lister2, D. MacLatchy2 and K. L.
Willett1. 1Pharmacology, University of Mississippi, University, MS and 2Biology,
Wilfrid Laurier University, Waterloo, ON, Canada.
Benzo(a)pyrene (BaP) is a ubiquitous pollutant that is considered both a model
polycyclic aromatic hydrocarbon (PAH) and confirmed carcinogen. Our previous
work has shown that BaP significantly reduced aromatase (CYP19) expression. We
hypothesize that this additional mechanism carries the potential to deregulate normal functioning of the hypothalamus-pituitary-gonad feedback loop and ultimately affect reproductive success. Our goal is to utilize a marine fish model
Fundulus heteroclitus to further develop BaP-mediated toxicological endpoints in-
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cluding phenotypic and molecular consequences (steroid concentrations, vitellogenin, LH and FSH expression). Fundulus are found at PAH contaminated sites
and therefore our study has immediate environmental relevance. A short-term reproductive bioassay was done using Fundulus adults exposed to waterborne concentrations of BaP (0, 1 or 10 μg/L) for 28 days. Males and females were kept separate
days 0-14 and were combined for days 14-28. Offspring were collected to measure
steroid concentrations at 5 and 10 days post-fertilization (dpf ) and 1 and 3 weeks
post-hatch (wph) and aromatase expression at 10 dpf and 12 wph. Overt reproductive indicators including gonad somatic index, liver somatic index, sperm counts,
egg production or fertilization success (n = 5-6 tanks per treatment; 3 fish of each
sex per tank) were not significantly altered by BaP exposure. Oocyte stage distribution was not significantly different between treatments (n=10-12 fish/treatment).
Vitellogenin was significantly increased in 10 μg/L BaP-treated females compared
to control and 1 μg/L BaP- treated females after 4 weeks exposure. In conclusion,
BaP-mediated changes in aromatase expression have the potential to cause changes
in the HPG axis, but reproductive success was not significantly compromised in the
parental generation by up to 10 μg/L BaP exposure. (Supported by NIEHS R03
ES018962)

2390

EFFECTS OF THE FUNGICIDE PROPICONAZOLE ON
FISH REPRODUCTION—DEFINING AN ADVERSE
OUTCOME PATHWAY.

S. Y. Skolness1, J. Churchill2, E. Durhan2, K. Jensen2, M. Kahl2, C. LaLone2,
E. Makynen2, D. Villeneuve2 and G. Ankley2. 1University of Minnesota, Duluth,
MN and 2US EPA, Duluth, MN.
Adverse outcome pathways (AOPs) are conceptual frameworks used to describe
linkages between molecular initiating events (initial interaction of a chemical with
specific molecular targets in an organism) to whole organism responses relevant to
risk assessment. This study was conducted to aid development of an AOP relevant
for the effects of the model fungicide propiconazole on fish reproduction.
Conazoles are a class of chemicals that inhibit 14-alpha-demethylase (cytochrome
P450 [CYP] 51), an enzyme involved in fungal cell wall development. In higher organisms, other CYPs can also be impacted by conazoles, leading to inhibition of key
processes such as steroidogenesis. The objective of the present study was to assess
the physiological and reproductive impacts of propiconazole on adult fathead minnows (Pimephales promelas) using a range of endpoints reflective both of mechanistic responses and adverse apical outcomes. Fathead minnows were exposed to 0,
5, 50, 500, or 1000 μg propiconazole/L for 21 days. Cholesterol, triglyceride, vitellogenin, and sex steroid (testosterone, 17β-estradiol) concentrations were determined in the plasma. Expression of a number of cholesterol metabolism-related
genes in liver and steroidogenesis-related genes in the gonad was determined.
Propiconazole significantly reduced cumulative egg production at concentrations
greater than 50 μg/L. Ovarian expression of CYP19 (aromatase) and steroidogenic
acute regulatory protein was significantly increased in fish from the two highest
concentrations; whereas, hydroxymethyl-glutaryl-CoA reductase was significantly
decreased in these treatments. The AOP derived from this research with propiconazole will be useful for predicting the reproductive toxicity to fish from conazole pesticides as a class.

2391

A COMBINED REPEATED DOSE AND
REPRODUCTIVE/DEVELOPMENTAL TOXICITY
SCREENING STUDY OF PERFLUORODODECANOIC
ACID IN RATS.

M. Hirata-Koizumi1, S. Fujii2, M. Furukawa2, T. Kawamura1, M. Takahashi1,
M. Matsumoto1, H. Kato1, A. Ono1 and A. Hiorse1. 1Division of Risk Assessment,
National Institute of Health Sciences, Tokyo, Japan and 2Safety Research Institute for
Chemical Compounds Co., Ltd., Sapporo, Japan.
A large amount of perfluoroalkyls have been released into the environment. PFOS
or PFOA with much toxicological information had been already regulated by national authorities. While bioaccumulation potency of longer chain perfluoroalkyls
(more than 10 carbons) were extremely higher than PFOA, there are little information available about toxicity of such long-chain perfluoroalkyls as well as the environmental exposure levels. In order to obtain the initial risk information on the toxicity of long-chain (more than C12) perfluoroalkyls, the repeated dose and
reproductive/developmental toxicity screening study (OECD TG 422) for perfuluorododecanoic acid (C12) has been conducted. Rats (Crl:CD) were administered
with the suspensions (0.5% CMC-Na) at doses of 0, 0.1, 0.5 and 2.5 mg/kg/day by
gavage.
Seven of twelve females at 2.5 mg/kg were dead during gestation period. In the 2.5
mg/kg group, decreased body weights were observed from day 21 through the last
day of treatment in males, and during the gestation and lactation periods in females. Anemia was also observed at 2.5 mg/kg in both sexes. Increases in ALT, AST
and γ-GTP were observed at 0.5 mg/kg in males and at 2.5 mg/kg in both sexes.
The increased liver weights, diffused hypertrophy and focal necrosis of hepatocytes

were also observed at 0.5 mg/kg and more in both sexes. As for reproductive and
developmental toxicity, only one female at 2.5 mg/kg have a normal delivery.
Abnormal estrus cycle was observed in all females of satellite (non-mating) group at
2.5 mg/kg. Decreased delivery index and live birth index were observed at 2.5
mg/kg. No reproductive and developmental parameters were changed at 0.1 and
0.5 mg/kg. Based on the above results, NOAELs for the repeated dose toxicity and
reproductive/developmental toxicity are considered to be 0.1 mg/kg/day and 0.5
mg/kg/day, respectively.

2392

CHROMIUM-VI EXPOSURE TO POSTNATAL RATS
THROUGH MOTHER’S MILK DEPLETES
ANTIOXIDANTS, INCREASES FREE RADICALS AND
INDUCES FOLLICULAR ATRESIA.

J. A. Arosh1, J. A. Stanley1, J. Lee1, P. B. Hoyer2, R. C. Burghardt1 and S. K.
Banu1. 1Department of Integrative Biosciences, College of Veterinary Medicine and
Biomedical Sciences, Texas A&M University, College Station, TX and 2Department of
Physiology, University of Arizona, Tucson, AZ.
Hexavalent chromium, CrVI, has been used in a wide-range of industries.
Chromium levels in the drinking water are reported to be increased in California,
New Jersey and several other places in the USA, and also in developing countries.
Women working in the Cr industries experience abnormal menses and have high
blood levels of Cr. But the actual mechanism behind Cr-induced ovotoxicity is still
unknown. Our recent study has reported that lactational exposure to CrVI delayed
follicular development and altered ovarian steroidogenesis. CrVI is highly toxic and
rapidly reduced to CrIII once enter into cells resulting in increased free radicals.
The objective of our study is to test the hypothesis that lactational exposure to
chromium impairs follicle development and induces follicular atresia in the F1 offspring through oxidative stress pathway. Study 1: Lactating rats (n=75) were treated
with different doses of CrVI (potassium dichromate 50 – 200 ppm) through drinking water from postpartum days 1-21. During the postnatal days (PND) 1-21,
pups received CrVI through mother’s milk. After PND21 female offspring (F1)
were given regular drinking water and diet, and were killed on postnatal days
(PND) 25, 45 and 65. CrVI decreased serum hormones and increased follicle.
Study 2: Antioxidants such as GPx, GR, GST, SOD and CAT were significantly
decreased. Lipid peroxidation and H2O2 levels increased significantly both in the
serum and in the ovaries. Study 3: Granulosa cells were cultured and treated with
CrVI. CrVI decreased many of these enzymes and the effect of CrVI was mitigated
by vitamin C. Supported by grants from the NIH/NIEHS to S.K.B (ES01660501A1 and 1R21ES020561-01).

2393

EFFECTS OF CHROMIUM-VI ON THECA CELL CYCLE
REGULATION AND APOPTOSIS.

S. K. Banu1, J. A. Stanley1, J. Lee1, P. B. Hoyer2, J. A. Arosh1 and R. C.
Burghardt1. 1Veterinary Integrative Biosciences, Texas A&M University, College
Station, TX and 2Department of Physiology, University of Arizona, Tucson, AZ.
Hexavalent chromium, CrVI, is an environmental heavy metal toxicant that contaminates soil, air and drinking water. CrVI is released into the environment from
several industries such as chrome plating, welding, tanneries and wood processing
industries. Infertility rate has been increasing in developing countries. Our recent
findings indicate that CrVI delayed pubertal onset, ovarian steroidogenesis, follicular atresia and granulosa cell apoptosis. The present study attempts to address the
effects of CrVI on theca cell cycle regulation and apoptosis. Ovaries were collected
from 23-25 days old control rats, theca cells were isolated and cultured and treated
with 12 micromolar CrVI for 12h and 24h in the presence or absence of vitamin C,
the fastest reducer of CrVI into CrIII. Our results indicate that CrVI induces cell
cycle arrest in theca cells at the G1-S phase of the cell cycle by altering cell cycle regulatory proteins, and induces theca cell apoptosis through intrinsic apoptotic pathway mediated through mitochondria. Vitamin C mitigates the toxic effects of
CrVI. These effects were mediated through p53 and oxidative stress pathways. This
study is supported by grants from the NIH/NIEHS to S.K.B (ES016605-01A1 and
1R21ES020561-01).

2394

EVALUATION OF THE REPRODUCTIVE TOXICITY OF
ALLYL CYCLOHEXANEPROPIONATE.

D. McGinty1, V. T. Politano1, E. M. Lewis2, A. M. Hoberman2, R. M. Diener3
and A. M. Api1. 1Research Institute for Fragrance Materials, Inc., Woodcliff Lake, NJ,
2Charles River Laboratories, Horsham, PA and 3Argus International, Inc., Horsham,
PA.
An oral (gavage) dosage-range reproductive toxicity study was conducted with the
fragrance allyl cyclohexanepropionate in rats. Rats (8/sex/group)were dosed daily
with 0, 75, 125, 250, or 500 mg/kg/day in corn oil beginning 14 days before co-

habitation, through cohabitation, and to the day before euthanasia (males) or day 4
post partum (pregnant females). Observations included: viability, clinical observations, body weights, feed weights, mating and fertility, delivery, litter observations,
organ weights, and histopathology. Eight rats (4/sex) from the 500 mg/kg group
were found dead on day 2 or 3 of the study; the remaining rats from the 500 and
250 mg/kg dosage groups were euthanized early on days 3 and 17 of study, respectively, due to excessive toxicity and mortality. All rats from the 0, 75 and 125 mg/kg
dosage groups survived to scheduled euthanasia. Clinical signs from survivors included slight and/or moderate excess salivation and a reduction in body weight
gains. The toxicity of allyl cyclohexanepropionate was most evident in the liver,
which resulted in periportal vacuolation that lead to necrosis, and the development
of cholangiofibrosis in all rats. Mating and fertility parameters were unaffected by
dosages as high as 125 mg/kg. Pregnancy occurred in 7, 6, and 8 rats from the 0,
75, and 125 mg/kg dosage groups. Only two female rats were confirmed as mated
in the 250 mg/kg dosage group but there were no successful pregnancies since this
group was terminated during the cohabitation period due to clinical signs of toxicity. There were no effects on natural delivery. The average pup weight was reduced
by 12% (125 mg/kg) on postpartum day 1. This reduction was considered biologically relevant when compared to the controls, but resolved by postpartum day 5.
No treatment-related clinical observations occurred and all pups appeared normal
at necropsy examination. The no-observable-adverse-effect-level (NOAEL) for reproductive toxicity is 75 mg/kg/day.

2395

IRREGULAR MENSTRUAL CYCLING: A LOGISTICAL
HURDLE TO SUCCESSFUL BREEDING OF
CYNOMOLGUS MONKEYS.

C. N. Diabo, M. Kob, C. Cohle and A. S. Faqi. Drug Safety Evaluation, MPI
Research, Mattawan, MI.
Establishment of an optimal mating time is an important prerequisite for successful
mating of female macaques for use in developmental toxicity testing. In general, an
optimal mating time is calculated on the basis of individual menstrual cycle
recorded for at least 2-3 consecutive months. Assessment of vaginal smears is minimally invasive and provides a convenient and reliable approach for monitoring the
menstrual cycle. We have monitored the menstrual cycle of 118 naïve, individually
housed monkeys of Chinese origin for over 8 months. The females were sexually
mature; 4.5 ± 0.4 years old and weighed 2.98 ± 0.31 kg at arrivals. Females were
screened for the presence of ovarian cysts and endometriosis using ultrasound prior
to the beginning of menstrual cycle observation. The animals were maintained in a
controlled lighting schedule; with lights on from 0600–1800 h and a room temperature of 24 ± 2 °C. After one week of acclimation period, females had their vaginal
area swabbed daily with a cotton-tipped applicator to detect menses. A total of 965
cycles were evaluated. Mean number of cycles per animal evaluated was 8.2 ± 2.7
cycles. The mean total cycle length for all females was 34.5 ± 15.2 Days with mean
cycle length per animal of 36.5 ± 10.7 Days. Overall 89% of the animals had mean
cycle length of 21-44 Days long and11% of the animals had menstrual cycle length
< 21- >44 Days. Several females have interrupted cycles with 1-3 missing cycles.
Based on the result of this study, irregular menstrual cycle is a logistic hurdle for
achieving the desired number of pregnant monkeys necessary for the study in a
timely manner.

2396

INHIBITORY MECHANISM OF CYP1A1 EXPRESSION
BY CAFFEIC ACID PHENETHYL ESTER-MEDIATED
HYPOXIA INDUCIBLE FACTOR-1α AND ARYL
HYDROCARBON RECEPTOR IN MURINE HEPATOMA
HEPA-1C1C7 CELLS.

J. Im, E. Han, H. Kim, J. Choi, J. Yang and H. Jeong. Pharmacy, Chungnam
National University, Daejeon, Republic of Korea.
Caffeic acid phenethyl ester (CAPE), an active compound of the propolis, is known
for antioxidant, antiviral, antimitogenic, antiinflammatory and anticarcinogenic
properties. The influence of CAPE on cytochrome P450 1A1 (CYP1A1) expression
and their mechanisms remain unclear. In this study, we examined the effect of
CAPE on 3-methylcholanthrene (3-MC)-induced CYP1A1 in mouse hepatoma
Hepa-1clc7 cells. CAPE induced hypoxia inducible factor-1α (HIF-1α) protein
level and HIF-1α responsible element (HRE) luciferase activity in Hepa-1clc7
cells. Additionally, CAPE-mediated HIF-1α decreased 3-MC-inducible CYP1A1
protein and mRNA expression. Moreover, 3-MC-inducible xenobiotic-response element (XRE)-linked luciferase and aryl hydrocarbons receptor (AhR) nuclear
translocation were decreased by CAPE treatment. These results provide evidence
that CAPE suppresses 3-MC-inducible CYP1A1 levels and HIF-1α activation by
CAPE contributes to suppression of 3-MC-inducible AhR-mediated CYP1A1 expression.
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2397

INHIBITION OF CYTOCHROME P450 1A OR 3A, BUT
NOT 2B/2C, ENHANCES USNIC ACID CYTOTOXICITY
IN PRIMARY CULTURED RAT HEPATOCYTES.

Q. Shi, X. Yang, A. A. Ali, J. Greenhaw and W. F. Salminen. Division of Systems
Biology, US FDA National Center for Toxicological Research, Jefferson, AR.
Usnic acid (UA) is consumed as a dietary supplement to promote weight loss; however, dietary supplements containing UA have been associated with clinical cases of
severe and sometimes fatal liver injury. UA has been shown to be hepatotoxic in rats
and is extensively metabolized by hepatic cytochrome P450s (CYPs); therefore, we
examined if UA metabolism results in the formation of cytotoxic metabolites or if
metabolism is a detoxification process. Primary rat hepatocytes were exposed to UA
in the presence of various CYP inhibitors. When CYP activity was suppressed by
the non-isoenzyme-selective inhibitor SKF-525A (20 μM), the CYP1A inhibitor
alpha-naphthoflavone (10 μM), or the CYP3A inhibitor ketoconazole (25 μM),
the cytotoxicity of UA at 4~6 μM after 20 h of exposure was significantly increased
as measured by lactate dehydrogenase leakage. At 2 h after UA exposure, an earlier
time point prior to cell cytotoxicity, these CYP inhibitors potentiated UA-induced
inhibition and uncoupling of cellular respiration as determined by the Clark type
oxygen electrode. Cellular adenosine triphosphate (ATP) depletion by UA was also
enhanced by these CYP inhibitors. The CYP2B/2C inhibitor, ticlopidine at 20
μM, showed no effects in parallel experiments. These data for the first time demonstrate that UA is bio-transformed to less toxic metabolites in rat primary hepatocytes, mainly by CYP1A and CYP3A.

2398

EFFECTS OF USNIC ACID EXPOSURE ON HUMAN
LIVER HEPG2 CELLS.

S. C. Sahu, M. Amankwa-Sakyi, M. W. O’Donnell and R. L. Sprando. Division
of Toxicology, Food and Drug Administration, Laurel, MD.
Usnic acid, a natural botanical product, is a constituent of some dietary supplements used for weight loss. It has been associated with clinical hepatotoxicity leading to liver failure in humans. The present study was undertaken for metabolism
and toxicity evaluation of usnic acid in human hepatoblastoma HepG2 cells in culture. The cells were treated with the vehicle control and usnic acid at concentrations
of 0-100 μM for 24 h at 370 C in 5% CO2. Following the treatment period, the
cells were evaluated by biochemical and toxicogenomic endpoints of toxicity that
included cytochrome P450 activity, cytotoxicity, oxidative stress, mitochondrial
dysfunction and changes in pathway focused gene expression profiles. Usnic acid
exposure resulted in increased P450 activity, cytotoxicity, oxidative stress and mitochondrial dysfunction in HepG2 cells. The pathway-focused gene expression analysis resulted in significant altered expression of 6 genes out of a total of 84 genes examined. Of the 6 altered genes, 3 genes were up-regulated and 3 genes
down-regulated. A marked up-regulation of one gene, CCL21, associated with inflammation, one gene, CCNC, associated with proliferation and carcinogenesis,
and one gene, UGT1A4, associated with metabolism as well as DNA damage and
repair were observed in the usnic acid-treated cells compared to the vehicle control.
Also, a marked down-regulation of one gene (CSF2) associated with inflammation
and two genes (CYP7A1 and CYP2E1) associated with oxidative metabolic stress
were observed in the usnic acid-treated cells compared to the control. The biomarkers used in this study demonstrate toxicity of usnic acid in human hepatoblastoma HepG2 cells suggesting oxidative and inflammatory mechanisms of action.

2399

CHEMICAL-DISEASE CATEGORY LINKAGE (CDCL):
COMPUTATIONAL METHODS LINKING
TRADITIONAL CHINESE MEDICINE AND WESTERN
THERAPEUTICS.

K. Cheung and D. E. Johnson. Nutritional Science & Toxicology, University of
California Berkeley, Berkeley, CA.
In Traditional Chinese Medicine (TCM), herbs are categorized in therapeutic
classes and TCM practitioners will use a mixture of herbs from different classes to
exert therapeutic effect and modulate different bodily functions. Many patients use
TCM as a complementary regimen to western therapeutics but many interactions
between TCM phytochemicals and western drugs are not fully understood. The
aim of this study was to utilize computational methods such as TCM-ID, KEGG
Pathway database and GeneGo’s MetaDrug, to establish possible interactions between the two, which then would be used to propose a molecular basis for TCM
herbs in the human body. Integrative treatment for hepatitis C (HCV) has been
used in this study as an example to scrutinize possible interactions. 1 specific TCM
herb, Root of light yellow sophora (Radix Sophorase Flavescentis, Ku shen) and 6
standard TCM recipes for hepatitis C treatment were selected from publications
and from these, 11 therapeutic classes have been identified. 23 out of 154 phyto-
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chemicals from the 37 TCM herbs in 7 of the therapeutic classes, which include
heat clearance and tonifying weakness, were shown to interact with 19 genes and
proteins in the HCV pathway such as GSK3β, p53, NF-κB and EGFR. Several
patterns of correlation between TMC classes and disease modulation have been observed. For instance, phytochemicals in the class of heat clearance interact with
genes and proteins responsible for cell proliferation such as the apoptotic pathway,
while those in the class of tonifying weakness interact with those responsible for immune response and energy metabolism. Such results have shown possible connections between TCM therapeutic classes, western therapeutics, and a disease under
treatment; a relationship termed: chemical-disease category linkage (CDCL).
CDCL may help predict possible interactions and targets of modulation between
the two treatment approaches and it will also be useful for identifying possible
TCM herbs that would be beneficial to the treatment of other diseases in the future.

2400

INOPHYLLIN A INDUCES OXIDATIVE STRESS
MEDIATED-APOPTOSIS IN JURKAT T
LYMPHOBLASTIC CELLS.

K. Chan1, R. Hamzah1, A. Abd Rahaman1, V. Jong2, H. Khong2, N. Rajab1,
G. Ee3 and S. Inayat-Hussain1. 1Faculty of Health Sciences, Universiti Kebangsaan
Malaysia, Kuala Lumpur, Federal Territory, Malaysia, 2Faculty of Applied Science,
Universiti Teknologi MARA, Kota Samarahan, Sarawak, Malaysia and 3Faculty of
Science, Universiti Putra Malaysia, Serdang, Selangor, Malaysia.
Inophyllin A (INO-A), a pyranoxanthone isolated from Calophyllum inophyllum
represent a new class of xanthone as potential chemotherapeutic agent. In this
study, the molecular mechanism of INO-A-induced cytotoxicity was elucidated in
Jurkat T lymphoblastic cells. The mode of cell death as assessed based on the externalization of phosphatidylserine demonstrated that INO-A induced Jurkat cells
apoptosis in a concentration-dependent manner. Upon 30 min of INO-A treatment, there was a significant increase of tail moment which suggests that DNA
damage was an initial apoptotic signal. Further flow cytometric assessment of the
superoxide anion level confirmed that INO-A induced DNA damage was mediated
with a concomitant upregulation of reactive oxygen species (ROS). Interestingly,
the level of ROS in INO-A treatment (7 to 9 fold increase) was significantly higher
than goniothalamin and menadione-treated cells which were used as positive control (2 fold increase). Investigation on the thiols revealed an early decrease of free
thiols in 30 min 50 μM INO-A treatment. Using Tetramethylrhodamine ethyl
ester (TMRE), a potentiometric dye, the loss of mitochondrial membrane potential
(MPP) was observed in INO-A-treated Jurkat cells as early as 30 min. The INO-Ainduced apoptosis progressed with the simultaneous activation of caspase-2 and -9
which subsequently leads to the processing of caspase-3. Taken together, these data
demonstrate that INO-A induces early ROS and DNA damage which subsequently
led to the activation of an intrinsic pathway of apoptosis in Jurkat cells.

2401

STIMULATIONS OF BREAST CANCER CELL GROWTH
AND CYTOCHROME P4501B1 GENE EXPRESSION BY
THE SOY ISOFLAVONE GENISTEIN.

Y. K. Wei1, I. Gamra2 and Y. Wei2. 1University of Georgia, Athens, GA and
2Department of Community Medicine, Mercer University School of Medicine, Macon,
GA.
The soy isoflavone genistein has been found to possess both weak estrogenic and
anti-estrogenic effects. There have been some controversial findings over the years
about its effect on breast cancer development. The cytochrome p4501B1
(CYP1B1) is believed to play an important role in breast cancer development by
bio-activating endogenous estrogens and environmental carcinogens. In this study,
we examined the effects of genistein on breast cancer cell proliferation and CYP1B1
gene expression in human breast cancer MCF-7 cells. MTT activity in the cells was
measured for consecutive seven days by using Infinite M1000 multimode microplate reader (Tecan). We found that cell proliferation was stimulated by 5 μM of
genistein, starting from the second day of culture. Real-time RT-PCR analysis
showed a dose-dependent induction of CYP1B1 gene expression in the cells treated
with 1, 5, and 25 μM of genistein. However, genistein was less potent in the induction of CYP1B1 gene expression than the environmental carcinogen 7,12-dimethylbenz[a]anthracene (DMBA). Genistein at 5 μM also significantly increased
the CYP1B1 mRNA level that was induced by DMBA. This study reveals that the
soy isoflavone genistein could stimulate breast cancer cell growth by increasing the
levels of CYP1B1 in the cells that can bio-activate endogenous estrogens and environmental carcinogens.

2402

PROTECTIVE EFFECTS OF SAPONINS EXTRACTS
FROM THE ROOTS OF PLATYCODON
GRANDIFLORUM ON OVARIECTOMY-INDUCED
BONE LOSS.

statistically significant from 30 μM after 48 h of treatment in CFSE loaded cells. As
a parameter of genotoxicity we evaluated the frequency of micronuclei (MN) in the
three cell types. AA exposure induced a small but significant increase in MN frequency only with the higher concentration used (150 μM) in all cell types, indicating a low genotoxic potential.

H. Eun1, J. Choi1, B. Park1, K. Lee2 and H. Jeong1. 1Pharmacy, Chungnam
National University, Daejeon, Republic of Korea and 2Pharmacy, Chonnam National
University, Gwangju, Republic of Korea.
Osteoporosis is systemic bone disease characterized by a reduction in bone mass,
disruption in bone microarchitecture, and a consequent increase in bone fragility.
Ovariectomized animal model has been widely used to study preventive treatments
for postmenopausal osteoporosis with estrogen insufficiency. This study investigated bone turnover in ovariectomy (OVX) mice by repeated administration of
Platycodon grandiflorum root-derived saponins (Changkil saponins: CKS). The effect of CKS on OVX-induced mice was measured by organ weights, serum levels
and micro-computed tomography (μCT) for bone remodeling. Administration of
CKS suppressed the OVX-induced bone loss in OVX mice. CKS reduced OVX-induced body and organ weights. CKS recovered OVX-reduced serum levels of alkaline phosphatase, calcium and phosphorus inorganic. Bone morphometric parameters of femur revealed that CKS inhibited OVX-induced trabecular architecture
using μCT. These results suggest that CKS exerts beneficial effects in postmenopausal osteoporosis, suggesting that CKS might be a candidate for phytoestrogen-like actions in postmenopausal osteoporosis.

2403

PIPERINE DOWN-REGULATES CYCLOOXYGENASE-2
EXPRESSION BY INHIBITING THE ACTIVITIES OF NFκB, C/EBP AND AP-1 TRANSCRIPTION FACTORS.

E. Han, H. Kim, J. Yang, J. Choi, T. Khanal, D. Truong, T. Phuong and H.
Jeong. Pharmacy, Chungnam National University, Daejeon, Republic of Korea.
Piperine, a major component of black pepper, is used as spice and nutrient enhancer. In the present study, we investigated the effects of piperine on phorbol 12myristate 13-acetate (PMA)-induced pro-inflammatory protein cyclooxygenase
(COX-2) expression in macrophages. Treatment with piperine suppressed PMAmediated induction of COX-2 mRNA and protein. PMA-inducible production of
PGE2 was inhibited by piperine in a dose-dependent manner. Transient transfection assays indicated that the inhibitory effects of piperine were mediated via NFκB, CCAAT/enhancer-binding protein (C/EBP) and AP-1. Furthermore, piperine
significantly inhibited PMA-induced activation of the ERK MAP kinase. Thus,
piperine is an effective agent to attenuate COX-2 production mediated by the transcription factors NF-κB, C/EBP and AP-1, and these results enhance our understanding of the anti-inflammatory and anti-cancer properties of piperine.

2404

ANACARDIC ACID, 6-PENTADECYLSALICYLIC ACID,
IS MORE CYTOTOXIC AND GENOTOXIC IN
TRANSFORMED HUMAN CELL LINES THAN IN
HUMAN PERIPHERAL BLOOD MONONUCLEAR
CELLS.

L. Vega1, D. A. Alam-Escamilla1, E. Estrada-Muñiz1 and I. Romero-Alvarez2.
1Toxicology, Cinvestav-IPN, Distrito Federal, DF, Mexico and 2Facultad de Medicina,
UNAM, Distrito Federal, DF, Mexico.
Infections by Helicobacter pylori are proposed as the key event in gastric atrofia, adenocarcinoma, and gastric cancer. On the other hand, it has recently been described
that some compounds (anacardic acids, such as 6-pentadecylsalicilic acid, or AA)
extracted from Amphipterygium adstringens (Cuachalalate, an endemic plant from
Mexico), present bactericidal effects against H. pylori, a gastroprotector, and an antitumoral effects. Due to this, we expected that exposure to AA produces increased
cytotoxicity and genotoxicity, as mechanisms of action, on a human gastric cancer
cell line (AGS) than in other type of tumor cell lines, such as K562, or in peripheral
blood mononuclear cells (PBMCs) from healthy donors. To this end, we exposed
AGS, K562 and PBMCs cultures to AA, from 0.15 to 150 μM, and for 24- to 120
h. Determination of annexin V and propidium iodide incorporation indicated that
AA exposure did not affect viability in PBMCs, but induced apoptosis in AGS and
K562 cell lines. Evaluation of the metabolism of 3-(4,5-dimethyltiazol-2-il)-2,5bromide diphenyl tetrazolium (MTT), as a measurement of mitochondrial activity,
indicated that PBMCs exposed to AA increased their respiratory rate, while a decrease of this activity, consistent with cell death, was observed in AGS and K562
cell lines. Instead of cell death, AA exposure in PBMCs induced a cytostatic effect
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CYTOTOXIC COMPOUNDS FROM LEAVES AND
YOUNG TWIGS OF Caesalpinia bonduc (L.) ROXB.

O. O. Ogunlana1, W. J. He2, J. T. Fan2, G. Z. Zeng2, O. E. Ogunlana3, C. J.
Ji2, Y. Q. Zheng2, J. O. Olagunju4, A. A. Akindahunsi5 and N. H. Tan2.
1Department of Biological Sciences, College of Science and Technology, Covenant
University, Ota, Ogun, Nigeria, 2State Key Laboratory of Phytochemistry and Plant
Resources in West China, Kunming Institute of Botany, Kunming, Yunnan, China,
3Department of Biological Sciences, School of Natural and Applied Sciences, Crawford
University, Igbesa, Ogun State, Nigeria, 4Department of Medical Biochemistry,
Faculty of Basic Medical Sciences, College of Medicine, Lagos State University, Ikeja,
Lagos State, Nigeria and 5Department of Biochemistry, Federal University of
Technology, Akure, Ondo State, Nigeria.
Caesalpinia bonduc (CB) has been used in folklore for the treatment of a wide range
of diseases. This work aims to justify the use of CB as an anticancer plant and determine its bio-active constituents. Fractionation of CB led to the isolation of two
new cassane diterpenes: 1α,7α-diacetoxy-5α,6β-dihydroxyl-cass-14(15)-epoxy16,12-olide (1) and 12α-ethoxyl-1α,14β-diacetoxy-2α,5α-dihydroxyl-cass13(15)-en-16,12-olide (2) and seven flavonoids: Bonducellin (3), 2’-methoxyisoliquiritigenin (4), 7,3’-dihydroxy-3,11-dehydrohomoisoflavanone (5), Luteolin
(6), quercetin-3-methyl ether (7), Kaempferol-3-O-β-D-xylopyranoside (8) and
Kaempferol-3-O-α-L-rhamnopyranosyl-(1Ç2)-B-D-xylopyranoside (9). Their
structures were elucidated by MS and NMR spectroscopic methods. Cytotoxic activity of these compounds against BGC-823 gastric carcinoma and HeLa cervical
carcinoma were investigated using sulphorhodamine B assay. Compounds 3-7
showed cytotoxic activity against HeLa cell with IC50 values in range of 8.69 to
0.81 μg/mL while compound 3 showed cytotoxic activity against BGC-823 cell
with IC50 value of 6.45 μg/mL in comparison with Taxol, with IC50 value of 1.02
and 0.78 μg/mL against HeLa and BGC-823 cells respectively. The presence of hydroxyl group on 3’ position of the B ring may have been responsible for cytotoxic
activity. The results also validate the traditional use of C. bonduc as anticancer drug
and established flavonoids as a major phytochemical responsible for cytotoxic activity.

2406

COMPOSITION OF MULTIPLE LOTS OF VALERIAN
(VALERIANA OFFICINALIS) EXTRACTS, ROOT
POWDERS, AND OILS.

T. Cristy1, S. Graves1, C. Smith2 and B. Jayaram2. 1Chemistry Technical Center,
Battelle Memorial Institute, Columbus, OH and 2DNTP, NIEHS, Research Triangle
Park, NC.
Valerian has been selected for testing on the National Toxicology Program due to
widespread use as a dietary supplement and the lack of adequate toxicological data.
Twelve lots of valerian (eight extracts, two root powders and two oils) were procured from different vendors and analyzed for valerenic acids (the typically standardized component) and sugars by HPLC, total carbohydrates by the phenol-sulfuric acid assay, starches by enzymatic assay, organic extractables by GC with
mass-selective detection, inorganics by PIXE and water by Karl Fischer. The root
powders, seven of the extracts, and one oil contained ≤ 0.1% valerenic acids, well
below their stated content. One extract contained 0.5% valerenic acids, and one oil
contained 7.6%. The total carbohydrate analysis found the extracts to be ≥ 74%
carbohydrates, the root powders ≥ 94% and the oils ≤3%. Of the carbohydrates in
the extracts and root powders, 12% to 40% were characterized as starch and 1% to
16% as sugars. The extracts and root powders contained 5% to 7% water and 1%
to 6% inorganics (predominately potassium, sodium, chlorine, sulfur, calcium, and
magnesium). The valerian extracts and root powders contained ≤ 1% hexane extractables, but the oils were entirely hexane extractable (primarily terpenes, terpenoids and organic acids). Although the oils contained many of the same compounds, they differed significantly in amount. Compounds present at ≥ 2% in one
oil lot were α-pinene, β-pinene, camphene, bornyl acetate, myrtenyl acetate and
longipinocarvone. Those present at ≥ 2% in the other lot were isovaleric acid,
bornyl acetate, myrtenyl acetate, 5(1H)-azulenone,2,4,6,7,8,8a-hexahydro-3,8-dimethyl-4-(1-methylethylidene), palmitic acid, 6-(1-hydroxymethylvinyl)-4,8a-dimethyl-3,5,6,7,8,8a-hexahydro-1h-naphthalen-2-one, ethyl linoleate, linoleic acid
and linolenic acid. This work was supported by NTP Contract N01-ES-55551.
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THE ANTIDIARRHEAL EFFECTS OF
COCHLOSPERMUM TINCTORIUM AQUEOUS ROOT
EXTRACT IN WISTAR STRAIN ALBINO RATS.

C. J. Dawurung1, P. A. Onyeyili2, S. Sanni3, J. S. Dawurung4, S. M. Auwal5 and
S. B. Aji6. 1Department of Biochmistry, Drug Development Section, National
Veterinary Research Institute (NVRI) Vom, Jos, Plateau State, Nigeria, 2Faculty of
Veterinary Medicine, Federal University of Agriculture Makurdi, Makurdi, Benue
State, Nigeria, 3Faculty of Veterinary Medicine, University of Abuja, Abuja, FCT
Abuja, Nigeria, 4Immunology Department, University of Maiduguri Teaching
Hospital, Maiduguri, Borno State, Nigeria, 5Faculty of Veterinary Medicine,
University of Maiduguri, Maiduguri, Borno State, Nigeria and 6Animal Health,
Adamawa State College of Agriculture, Mubi Yola, Adamawa State, Nigeria.
A range of medicinal plants with anti-diarrhea properties are widely used by traditional healers in developing countries in the management of diarrhea, however, the
effectiveness of many of these plants with anti-diarrhea effect have not been scientifically evaluated. In Northeastern Nigeria Cochlospermum tinctorium is traditionally used in the treatment of diarrhea, in this study therefore the effectiveness of
the aqueous root extract of Cochlospermum tinctorium in the treatment of diarrhea was investigated. The aqueous extraction of the root of Cochlospermum tinctorium yielded 10% W/W and the Phytochemical studies of the extract revealed
the presence of tannins, alkaloids, flavoniods, anthraquinones, saponins, cardiac
glycosides and carbohydrates. The median lethal dose (LD50) of the extract was
found to be more than 3000mg/kg this suggest the relative safety of the extract. The
anti-diarrheal activity of the aqueous root extract of Cochlospermum tinctorium
(Cochlospermum Niloticum Oliv) was evaluated in winster srain albino rats using
the following models; castor oil induced diarrhea, gastrointestinal transit of activated charcoal and castor oil induced enteropooling in rats. The extract significantly (p<0.05) reduced the number of unformed faces, and also the intestinal transit of charcoal was reduced significantly (p<0.001) by the extract. The
enteropooling of the intestinal fluid was also significantly (p<0.05) reduced when
compared to standard drugs. The result shows that the aqueous extract has some
antidiarrheal activity as acclaimed by traditional users.

2408

SAFETY ASSESSMENT OF SABELL A4+, A NATURAL
HEALTH PRODUCT TO AMELIORATE HEPATITIS.

H. Semple1 and F. Green2, 3. 1NuRx, Alberta Innovates—Technology Futures,
Vegreville, AB, Canada, 2Medicine, University of Calgary, Calgary, AB, Canada and
3Sabell Corporation, Calgary, AB, Canada. Sponsor: J. Kehrer.
In accordance with new Health Canada recommendations, we conducted a 28-day
repeated dose toxicity study in rats and a micronucleus study in mice on Sabell
A4+, a combination of Peruvian herbs Cordia lutea, Annona muricata and
Curcuma longa, to support licensing and clinical trials applications. A4+ is a
lyophilized alcoholic extract containing mainly quercetin-related glucosides. In the
28-day study, Sprague Dawley rats (5/sex/group) were gavaged with 0, 125, 500 or
2000 mg/kg of A4+ daily for 28 days. During the last week, functional observational batteries were done. On day 29, rats were exsanguinated and necropsied, tissues were collected for histopathology and organs weighed, and blood was analyzed
for clinical pathology. For the micronucleus study, Balb/c mice (5/sex/group) were
gavaged for 3 days with 0, 125, 500 or 2000 mg/kg of A4+ or injected once with 40
mg/kg of cyclophosphamide. Animals were sacrificed 24 hours after the final dose,
both femurs were collected, and the marrows were flushed with fetal bovine serum.
From the suspended cells, smears were made and scored for polychromatophilic
erythrocytes (PCE)/200 erythrocytes and micronucleated PCE /2000 PCE. For the
28-day study, no significant A4+—related effects were observed among clinical observations, body weights, food consumption, functional observational battery, urinalysis, clinical pathology parameters, blood coagulation, mortality, or macroscopic
and histopathological findings. For the genotoxicity study, statistical analysis of the
bone marrow scores revealed that the positive control compound cyclophosphamide reduced PCE scores similarly in both sexes, an indicator of bone marrow
toxicity. No PCE changes were associated with high dose A4+, indicating a lack of
toxicity. It was concluded that A4+ did not exhibit toxicity, including neurotoxicity
and genotoxicity, under the conditions of these studies and a no adverse effect level
(NOAEL) of 2000 mg/kg was assigned.

2409

EFFECTS OF ATRACTYLODES JAPONICA ON THE
PHARMACOKINETICS OF CAFFEINE AND ITS
METABOLITES IN RATS.

D. Oh, D. Lee, K. Noh, M. Kang, M. Kong, Y. Seo, W. Kang and T. Jeong.
Pharmacy, Yeungnam University, Gyeongsan, Gyeongbuk, Republic of Korea.
The rhizome of Atractylodes japonica has been known to reveal a variety of pharmacological properties including anti-oxidant and anti-inflammatory effects. In the
present study, a possible interaction between A. japonica and caffeine was investi-
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gated in male Sprague Dawley rats. Twenty four hr after the oral pretreatment with
ethanol extracts of A. japonica at 100 mg/kg for seven consecutive days, rats were
treated orally with 20 mg/kg of caffeine. Serum was collected serially up to 24 hr
and the serum concentration of caffeine and its metabolites was measured. To understand the mechanism of ethanol extract-induced changes in the pharmacokinetics of caffeine, CYP-associated monooxygenase activities in the hepatic S-9 fraction
were also measured. The results showed that A. japonica significantly inhibited the
activity of CYP1A. When compared with control rats, the pharmacokinetic parameters of caffeine in A. japonica-pretreated rats were changed, possibly due to the inhibition of CYP responsible for caffeine metabolism by the extract. The production
of three metabolites of caffeine was also significantly changed in rats pretreated with
A. japonica. The present results suggest that the oral treatment with ethanol extract
of A. japonica would change the pharmacokinetic characteristics of caffeine.
[Supported by a grant from the Korea Food and Drug Administration for Studies
on Standardization of Herbal Medicine (2011).]

2410

THE ROLE OF POKEWEED ANTIVIRAL PROTEIN
ISOFORMS ON BACTERIAL GROWTH.

J. Frenyea1, S. Cheng1 and J. Vivanco2. 1Sciences, John Jay College, New York, NY
and 2Colorado State University, Fort Collins, CO.
Ribosome-inactivating proteins (RIPs) are RNA N-glycosidases, which depurinate
ribosomal RNA. With the ribosome destroyed, protein synthesis is ceased and cell
death results. Pokeweed Antiviral Protein (PAP) is a Type-I RIP produced by the
American Pokeweed plant. PAP has been recognized as an important antiviral agent
and is able to inhibit infection without loss of host cell translation. PAP is among
the RIPs that have been used to treat several human cancers and viral diseases. This
study was designed to determine how PAP protects the American Pokeweed plant
against various pathogens. Unveiling this antiviral mechanism will shed light into
the use of PAP, not only for clinical purposes, but also for the prevention of infections of agricultural crops. Numerous isoforms of PAP are present throughout the
plant and vary depending upon tissue location and/or stage of growth. To determine how PAP protects the American Pokeweed plant, Pokeweed plants were infiltrated with bacteria: a plant pathogen, Pseudomonas syringae pv. Lycopersici
(DC3000) and a human pathogen, Pseudomonas aeruginosa 01 (PA01). Cell death
was observed with DC3000 infiltration, but not after PA01 infiltration. RT-PCR
was carried out on infiltrated leaves collected at various time intervals. PAP mRNA
expressions were upregulated at the 24 hour time point for both bacteria, with a
greater upregulation evidenced for the PA01 bacteria. In-vivo and in-vitro antimicrobial studies were carried out to examine the growth rates of the different bacteria
within the leaf tissue, as well as, attempt to mimic those results in a laboratory setting. In-vivo antimicrobial studies displayed an inhibition in bacterial growth over
time, for both bacteria tested. In-vitro antimicrobial tests resulted in PAP significantly inhibiting the PA01 bacterial growth, however, appeared to have no effect on
DC3000 growth. Based on these observations, PAP inhibits the growth of plant
and human pathogens within the Pokeweed plant by employing different defense
mechanisms.

2411

PINE OIL TREATMENT FOR BURN PAIN AND
INFLAMMATION.

M. H. Bhattacharyya1, W. Bollag1, K. Westlund-High2, B. Wang3 and S. Clark1.
1Georgia Health Sciences University, Augusta, GA, 2University of Kentucky,
Lexington, KY and 3Georgia State University, Atlanta, GA.
In many cultures, folk remedies for burns rely on topical treatment with pine products. Our preliminary results indicated that pine oil can ameliorate the pain and
soft tissue damage associated with burns. Therefore, the ability of pine oil to inhibit
inflammation and pain perception was determined in in vitro and in vivo models.
Our results to date demonstrate that pine oil can inhibit inflammation in a contact
irritant mouse model in vivo, block the pain pathway stimulated by ATP in cultured dorsal root gangion (DRG) neurons, and counteract the edema and increased
sensitivity to mechanical stimuli in a mouse paw burn model in vivo. Thus, pine oil
treatment induced a ~70% inhibition of the increase in mouse ear thickness and
weight induced by application of the contact irritant, 12-O-tetradecanoylphorbol
13-acetate, as well as a reduction in the infiltration of CD45-positive immune cells
into the tissue. Pine oil also reduced the calcium mobilization response stimulated
with ATP by 35%, but had no effect on the mobilization response to capsaicin, in
cultured DRG neurons. Finally, pine oil ameliorated the increased sensitivity to tactile pressure caused by a mild paw burn in the mouse, and reversed the edema induced by this wounding. All effects suggest the potential utility of this agent for
burn treatment, providing a strong rationale to conduct further experiments to extend these early findings. Ultimately, our goal is to develop a highly effective inhome treatment which will minimize pain, pain duration, and scarring associated
with 1st and 2nd degree burn injuries.

2412

MUTAGENICITY AND ANTIMUTAGENICITY EFFECTS
OF RESVERATROL OLIGOMERS OF VATICA
PAUCIFLORA USING THE AMES TEST.

N. Rajab1, Y. Widyasari1, A. Kamarozaman3, J. Latip3, K. Chan2 and S. InayatHussain2. 1Biomedical Science, Universiti Kebangsaan Malaysia, Kuala Lumpur,
Malaysia, 2Environmental Health Program, Universiti Kebangsaan Malaysia, Kuala
Lumpur, Malaysia and 3School of Chemical Sciences & Food Technology, Universiti
Kebangsaan Malaysia, Bangi, Malaysia.
Resveratrol is a natural polyphenol that was widely found in grapes, peanuts and
mulberries. Vaticanol G and ε-viniferin are resveratrol oligomers which have many
biological activity such as antioxidant, antimutagen, antibacteria and anticancer. In
this study, antimutagenicity effect was performed using Ames test with pre-incubation method, with and without the presence of metabolic activation of S9 on
Salmonella typhimurium TA98 and TA100 strain. Mutagenic effects was evaluated
using two-fold value of the negative control as the cut-off point. In this test, both
compound showed no mutagenicity effect on both Salmonella typhimurium strain.
Inhibitory effect of mutagenic activity for both compound induced by 2-aminoanthracene in both strain showed high antimutagenic activity. The best inhibitory effect of mutagenic activity was 91.22% obtained following treatment with εviniferin on TA98 and 76.1% on TA100. Additionally, mutations induced by
2-nitrofluorene and sodium azide in the presence of metabolic activation was also
reversed. Both compound showed high antimutagenic activity on both strain. The
best inhibitory effect was obtained in TA98 strain with 87.62% for vaticanol G and
85.22% for ε-viniferin. These results suggested that both vaticanol G and εviniferin has the ability to protect against mutagenicity effect induced by direct and
indirect mutagens.

2413

PREVENTION OF AMIODARONE-INDUCED
PULMONARY AND CARDIAC TOXICITY IN MALE
BALB/C MICE BY A NUTRIENT MIXTURE.

M. Roomi, N. W. Roomi, M. Rath and A. Niedzwiecki. Dr. Rath Research
Institute, Santa Clara, CA.
Introduction: Amiodarone (Am), a potent anti-arrhythmic drug, is associated with
life threatening pulmonary toxicity involving fibroses and inflammation. A unique
nutrient mixture (NM) consisting of lysine, proline, ascorbic acid and green tea has
previously been shown to exhibit a broad spectrum of pharmacological, therapeutic, cardiovascular and chemopreventive properties.
Objective: This study was undertaken to determine whether NM exhibits preventive effects on Am-induced pulmonary and cardiac toxicity.
Materials and Methods: Six-week old male Balb/c mice were divided into four
groups (A-D) of six animals per group. Mice in groups A and C were fed a regular
diet for three weeks, while those in groups B and D mice were supplemented with
1% NM during that period. After three weeks mice in groups C and D received
daily injections of 50 mg Am/kg intraperitoneally for 4 days, and group A and B received saline alone. After 24 h, mice were sacrificed, blood was withdrawn by cardiac puncture, serum was collected for clinical chemistry, and livers, kidneys, hearts
and lungs were excised and weighed.
Results: There were no differences in weight gain and food consumed in control
and test groups (A-D). Liver, kidney, heart and lung weights were comparable in all
four groups. Administration of Am to group C resulted in significant increase in
serum creatine phosphokinase (CPK), whereas in the NM fed group D the serum
CPK was not affected and comparable to the saline injection groups A and B. Am
administration also resulted in significant increase in serum marker for heart aspartate aminotransferase (AST) in group C animals, but not in group D mice, which
exhibited similar levels to that in groups A and B.
Conclusions: The results indicate that NM has the potential to protect against Aminduced pulmonary and cardiac toxicity.

2414

INHIBITORY EFFECT OF S-ALLYL CYSTEINE ON FREE
FATTY ACID-INDUCED STEATOSIS IN HEPG2 CELLS.

Y. Hwang1, 2, J. Choi1, K. Tilak1, D. Troung1, H. Kim1, E. Han1, Y. Chung3
and H. Jeong1. 1Pharmacy, Chungnam National University, Daejeon, Republic of
Korea, 2Pharmaceutical Engineering, International University of Kore, Jinju,
Republic of Korea and 3Food Science, International University of Korea, Jinju,
Republic of Korea.
Lipid accumulation in non-adipose tissues leads to cell dysfunction and apoptosis,
a phenomenon known as lipotoxicity. It is well-accepted that free fatty acid (FFA)induced lipotoxicity plays a pivotal role in the pathogenesis of NAFLD. Inhibition
of FFA-associated hepatic toxicity represents a potential therapeutic strategy. In this
study, we evaluated the protective effect of S-allyl cysteine (SAC), one of the

organosulfur compounds of AGE, against free fatty acid-induced lipotoxicity in in
vitro HepG2 (human liver cell line) NAFLD models. Pretreatment of HepG2 cells
with SAC significantly reduced FFA-induced generation of ROS, caspase-3 activation, and subsequent cell death. Also, SAC inhibits cholesterol and triglyceride
(TG) synthesis in a similar manner to the AMP-activated protein kinase (AMPK)
activator metformin. Significant increase in AMPK phosphorylation was observed
when the cells were incubated with SAC. Activation of AMPK was also demonstrated by measuring the phosphorylation of acetyl-CoA carboxylase, a substrate of
AMPK, correlated with a subsequent increase in fatty acid oxidation. The results indicated that by reducing TG and cholesterol accumulation, SAC could protect the
liver from NAFLD through the activation of AMPK. Therefore, SAC might have
the therapeutic potential for preventing or treating NAFLD.

2415

MOLECULAR MECHANISMS OF PUERARINMEDIATED ENDOTHELIAL NITRIC OXIDE SYNTHASE
ACTIVATION.

B. Park1, Y. Hwang2, 1, H. Kim1, E. Han1, J. Choi1 and H. Jeong1. 1Pharmacy,
Chungnam National University, Daejeon, Republic of Korea and 2Pharmaceutical
Engineering, International University of Korea, Jinju, Republic of Korea.
Nitric oxide (NO) produced in the heart by nitric oxide synthase (NOS) is a highly
reactive signaling molecule and an important modulator of myocardial function.
Puerarin possesses many physiological activities, including improvement of blood
circulation, prevention of cardiovascular diseases, and improvement of arrhythmia.
However, the mechanism by which puerarin activates eNOS remains unclear. In
this study, we sought to identify the intracellular pathways underlying eNOS activation by puerarin. Puerarin induced the activating phosphorylation of eNOS on
Ser1177 and the production of NO in EA.hy926 cells. Puerarin-induced eNOS
phosphorylation required estrogen receptor (ER)-mediated phosphatidylinositol 3kinase (PI3K)/Akt signalling and was reversed by AMP-activated protein kinase
(AMPK) and calcium/calmodulin-dependent kinase II (CaMKII) inhibition.
Importantly, puerarin inhibited the adhesion of tumour necrosis factor (TNF)-αstimulated monocytes to endothelial cells and suppressed the TNF-α induced expression of intercellular cell adhesion molecule-1. Puerarin also inhibited the TNFα-induced nuclear factor-κB activation, which was attenuated by pretreatment
with NG-nitro-L-arginine methyl ester, a NOS inhibitor. These results indicate
that puerarin stimulates eNOS phosphorylation and NO production via activation
of an estrogen receptor-mediated PI3K/Akt- and CaMKII/AMPK-dependent pathway. Puerarin may be useful for the treatment or prevention of endothelial dysfunction associated with diabetes and cardiovascular disease.

2416

SAPONINS DERIVED FROM ROOTS OF PLATYCODON
GRANDIFLORUM POSSESS AN ANTIOBESITY EFFECT
AND ABILITY TO INHIBIT HEPATIC LIPOGENESIS BY
AMP-ACTIVATED PROTEIN KINASE ACTIVATION.

Y. Chung3, Y. Hwang2, 1, J. Choi1, H. Kim1, E. Han1 and H. Jeong1. 1Pharmacy,
Chungnam National University, Daejeon, Republic of Korea, 2Pharmaceutical
Engineering, International University of Korea, Jinju, Republic of Korea and 3Food
Science, International University of Korea, Jinju, Republic of Korea.
The present studies were performed to determine the extent to which the effect of
saponins derived from roots of Platycodon grandiflorum (CKS) on hepatocellular
lipids is mediated by AMP-activated Protein Kinase (AMPK) regulates lipid accumulation in insulin resistant states. AMPK activation by Sirtuin1 (Sirt1) protects
against fatty acid synthase (FAS) induction and lipid accumulation caused by high
glucose. Sirt1 acts as the upstream of AMPK signaling and hepatocellular lipid metabolism. CKS increased Sirt1 and AMPK activity in human HepG2 hepatocytes
exposed to high glucose. In addition, CKS increase acetyl coenzyme A carboxylase
(ACC), AMPK downstream effectors, in human HepG2 hepatocytes exposed to
high glucose. CKS inhibits lipid synthesis and total cholesterol synthesis in a similar manner to the AMPK activator, 5-aminoimidazole-4-carboxamide 1-β-ribofuranoside (AICAR). CKS substantially prevents the impairment in phosphorylation of
AMPK and its downstream target, ACC, elevation in expression of FAS, and lipid
accumulation in human HepG2 hepatocytes exposed to high glucose. These effects
of CKS are largely abolished by inhibition of Sirt1 activity, suggesting that the stimulation of AMPK. CKS lowers hepatic lipid content and inhibition of triacylglycerol synthesis by activating AMPK, thereby mediating beneficial effects in hyperglycemia and insulin resistance. In conclusion, AMPK signaling by CKS, which
Sirt1 induces, may have potentail therapeutic implications for dyslipidemia and accelerated atherosclerosis in deabets and energy metabolism-related disease.
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2417

ANTHOCYANINS FROM PURPLE SWEET POTATO
ATTENUATE HEPATIC LIPID ACCUMULATION
THROUGH ACTIVATING AMP-ACTIVATED PROTEIN
KINASE IN HUMAN HEPG2 CELLS AND OBESE MICE.

H. Pil1, 2, J. Choi1, E. Han1, H. Kim1, Y. Chung3 and H. Jeong1. 1Pharmacy,
Chungnam National University, Daejeon, Republic of Korea, 2Pharmaceutical
Engineering, International University of Korea, Jinju, Republic of Korea and 3Food
Science, International University of Korea, Jinju, Republic of Korea.
Purple sweet potato (PSP) is a functional food rich in anthocyanins that possess disease-preventive properties. In this study, we evaluated body weight, liver histology,
and hepatic lipid content in high-fat diet (HFD)-fed ICR mice treated with AF. In
addition, we characterized the underlying mechanism of AF’s effects in HepG2 hepatocytes through Western blot analysis. AF (200 mg/kg/day) reduced weight gain,
and hepatic triglyceride accumulation, and improved serum lipid parameters in
mice fed a HFD for 4 weeks. AF significantly increased the phosphorylation of
AMP-activated protein kinase (AMPK) and acetyl-CoA carboxylase (ACC) in the
liver and HepG2 hepatocytes. In addition, AF downregulated the levels of sterol
regulatory element-binding protein-1 (SREBP-1) and its target genes including
ACC and fatty acid synthase (FAS). The specific AMPK inhibitor; compound C,
attenuated the effects of AF on the expression of lipid metabolism-related proteins
such as SREBP-1 and FAS in HepG2 hepatocytes. The beneficial effects of AF on
HFD-induced hepatic lipid accumulation are thus mediated through AMPK signaling pathways suggesting a potential target for the prevention of obesity.

2418

SAPONINS FROM THE ROOTS OF PLATYCODON
GRANDIFLORUM INHIBITS UV IRRADIATIONINDUCED MATRIX METALLOPROTEINASE-1 AND
INFLAMMATORY CYTOKINE PRODUCTION IN
HUMAN KERATINOCYTES BY SUPPRESSING NF-κB
AND AP-1 PATHWAY.

Y. Lee3, 4, Y. Hwang2, 1, H. Kim1, J. Choi1, E. Han1, J. Choi3, Y. Chung3 and
H. Jeong1. 1Pharmacy, Chungnam National University, Daejeon, Republic of Korea,
2Pharmaceutical Engineering, International University of Korea, Jinju, Republic of
Korea, 3Food Science, International University of Korea, Jinju, Republic of Korea and
4Jangsaeng Doraji Research Institute of Biotechnology, Jangsaeng Doraji Co., Ltd.,
Jinju, Republic of Korea.
The excessive reactive oxygen species (ROS) induced by ultraviolet (UV) radiation
cause skin aging via large matrix degradation resulting from matrix metalloproteinases (MMPs). Recently, saponins from the roots of Platycodon grandiflorum
(CKS) were demonstrated to attenuate the cell damage induced by oxidative stress
by quenching reactive oxygen species (ROS) and inducing antioxidant systems. In
this study, we explored the inhibitory effects of CKS on UVA-induced matrix metalloproteinase-1 (MMP)-1 and investigated the molecular mechanism underlying
those effects. CKS increased the cell viability and inhibited ROS production in
HaCaT cells exposed to UVA irradiation. Pre-treatment of HaCaT cells with CKS
inhibited UVA-induced production of MMP-1 and MMP-9. In addition, CKS decreased UVA-induced expression of the inflammatory cytokines IL-1b and IL-6.
Western blot analysis further revealed that CKS markedly suppressed the enhancement of collagen degradation in UVA-exposed HaCaT cells. CKS also suppressed
UVA-induced activation of NF-kB or c-Jun and c-Fos, and the phosphorylation of
MAPKs, which are upstream modulators of NF-kB and AP-1.

2419

THE COFFEE DITERPENE KAHWEOL INHIBITS
METASTASIS AND ANGIOGENESIS.

H. Kim1, J. Choi1, Y. Hwang1, 2, Y. Chung2 and H. Jeong1. 1Pharmacy,
Chungnam National University, Daejeon, Republic of Korea and 2Food Science,
International University of Korea, Jinju, Republic of Korea.
Kahweol, a coffee-specific diterpene, is reported to have anti-cancer properties.
However, the precise mechanism of kahweol on chemopreventive effect is unclear.
In this study, we examined the anti-angiogenic and anti-invasive activities of kahweol by targeting STAT3. Kahweol inhibited the migration and invasion ability of
various cancer cells in vitro and decreased the secretion of metalloproteinase
(MMP)-2, MMP-9, and VEGF in cancer cells. Kahweol inhibited the phosphorylation of signal transducer and activator of transcription 3 (STAT3), suggesting that
STAT3-responsive regions in the VEGF and MMP promoters may underlie the inhibitory effects of kahweol. Kahweol also exhibited an inhibitory effect on lung
metastasis in the experimental B16-F10 melanoma metastasis model. Kahweol effectively inhibited interleukin-6-induced production of vascular endothelial growth
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factor (VEGF), migration and tube formation in human umbilical vein endothelial
cells. Our findings demonstrate that kahweol inhibits metastasis and angiogenesis,
at least in part, through the disruption of STAT3-mediated transcription of the
MMP and VEGF genes.

2420

INHIBITORY EFFECTS OF PSIDIUM GUAJAVA ON
ATOPIC DERMATITIS-LIKE SKIN LESIONS INDUCED
BY 2, 4-DINITROCHLOROBENZENE IN NC/NGA MICE.

J. Seo2, J. Choi1, E. Han1, B. Park1, H. Kim1, Y. Chung2 and H. Jeong1.
1Pharmacy, Chungnam National University, Daejeon, Republic of Korea and 2Food
Science, International University of Korea, Jinju, Republic of Korea.
Atopic dermatitis (AD) has been known to be related with local and systemic immunologic dysfunction that leads to Th1/Th2 response as well as being related to
environmental factors. This study examined the inhibitory effects of 1-chloro-2,4dinitrobenzene (DNCB)-induced AD by Psidium guajava water extracts (PGW) in
NC/Nga mice. The effect of PGW on DNCB-treated mice was measured by skin
dermatitis severity, ear thickness, histopathological examination, serum levels and
mRNA expression. PGW suppressed the DNCB-increased development of ADlike skin symptoms in NC/Nga mice. PGW reduced AD symptoms based on skin
dermatitis severity, ear thickness and serum levels of immunoglobulin E (IgE) and
TARC. Also, PGW recovered DNCB-reduced serum IL-10 level.
Histopathological examination reduced DNCB-increased thickness of the epidermis and dermis and dermal infiltration of inflammatory cells in the ear tissues.
PGW inhibited DNCB-increased mRNA expression of TNF-α and IL-4 in the
ears tissues. These results suggest that PGW exerts beneficial effects on AD symptoms, suggesting that PGW is an effective potential therapeutic agent for AD.

2421

HEPATOPROTECTIVE AND ANTIOXIDANT
ACTIVITIES OF ETHANOL EXTRACT OF WHOLE
FRUIT OF LAGENARIA BREVIFLORA ROBERT.

A. B. Saba, O. Onakoya and A. A. Oyagbemi. Veterinary Physiology, Biochemistry
and Pharmacology, University of Ibadan, Ibadan, Oyo, Nigeria.
Hepatoprotective and in vivo antioxidant effects of ethanol extract of whole fruit of
Lagenaria breviflora (LB) was investigated in experimental animals. Forty nine (49)
male Wistar albino rats of 150-250g were randomly divided into seven groups of
seven. Rats in group I were administered with 0.9% Physiological saline (10mls/kg
b.w), groups II, III, IV received ethanol extract of LB at 100, 250, 500mg/kg body
weight respectively, group VI received kolaviron as reference hepatoprotective agent
orally for 9 days. Carbon tetrachloride (CCl4) was administered intraperitonealy at
1.5 ml/kg b.w into the rats in group II-VI to precipitate hepatic injury on the 9th
day, meaning that the rats in group V received CCl4 alone. Rats in group VII also
received extract alone at 500 mg/kg b.w. All the rats in the study were anaesthetized
with ether and sacrificed for serum collection and analysis on the 10th day. Liver
samples were prepared for histopathology. Data were expressed as mean± Standard
Error of Mean and analyzed using one way ANOVA. Difference of means are considered statistically significant at p<0.05. There was significant (p<0.05) increased
in malondialdehyde (MDA) and hydrogen peroxide (H202) generation in serum of
CCl4 treated rats (group II) while the serum glutathione (GSH) level crashed significantly. Pre-treatment with LB extract led to significant (P<0.05) increase in
serum GSH, reduction in MDA and H202 generation. The activities of marker enzymes such as alanine aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), lactate dehydrogenase (LDH), bilirubin, creatinine
and blood urea nitrogen (BUN) increased (p<0.05) significantly in CCl4 treated
rats (group V) compared with extract-treated groups. The present study suggested
that the treatment with LB extract ameliorated CCl4-induced hepatic damage and
oxidative stress via its antioxidant and hepatoprotective properties.

2422

ROLE OF METABOLISM BY HUMAN INTESTINAL
MICROFLORA IN GENIPOSIDE-INDUCED TOXICITY
IN HEPG2 CELLS.

M. Kang1, T. Khanal2, H. Kim2, D. Oh1, D. Kim3, H. Jeong2 and T. Jeong1.
1Pharmacy, Yeungnam University, Gyeongsan, Gyeongbuk, Republic of Korea,
2Pharmacy, Chungnam National University, Daejeon, Republic of Korea and
3Pharmacy, Kyung Hee University, Seoul, Republic of Korea.
Possible role of metabolism by the intestinal bacteria in geniposide-induced cytotoxicity was investigated in human hepatoma HepG2 cells. Initially, toxic effects of
geniposide and its metabolite genipin were compared. Genipin, a deglycosylated
form of geniposide, was cytotoxic at the concentrations that geniposide was not. As
metabolic activation systems for geniposide, human intestinal bacterial cultures,
fecal preparation (fecalase) and intestinal microbial enzyme mix were employed in

the present study. When geniposide was incubated with human intestinal bacteria,
either Bifidobacterium longum HY8001 or Bacteroides fragilis, for 24 hr, the cultured media caused cytotoxicity in HepG2 cells. Fecalase and intestinal enzyme mix
were also effective to metabolically activate geniposide to its cytotoxic metabolite.
The present results indicated that genipin, a metabolite of geniposide, might be
more toxic than geniposide, and that intestinal bacteria might have a role in biotransformation of geniposide to its toxic metabolite. In addition, among three activation systems tested, intestinal microbial enzyme mix would be convenient to use
in detecting toxicants requiring metabolic activation by intestinal bacteria.
[Supported by a grant (09172KFDA996) from Korea Food & Drug
Administration].

2423

INHIBITORY EFFECT OF DIHYDROARTEMISININ
AGAINST PHORBOL ESTER–INDUCED
CYCLOOXYGENASE-2 EXPRESSION IN RAW264.7
MACROPHAGES.

H. Jeong, J. Yang, E. Han and H. Kim. Pharmacy, Chungnam National
University, Daejeon, Republic of Korea.
Artesunate (AS) is a clinically versatile artemisinin derivative utilized for the treatment of mild to severe malaria infection. Dihydroartemisinin has recently been
shown to possess anti-tumor activity in various cancer cells. However, the effect of
the anti-inflammatory potentials of dihydroartemisinin has not been studied. This
study investigated the effect of cyclooxygenase-2 (COX-2) and molecular mechanisms by dihydroartemisinin in phorbol 12-myristate 13-acetate (PMA) stimulated
Raw 264.7 cells. Dihydroartemisinin inhibited PMA-induced production of PGE2
in a dose-dependent manner. Dihydroartemisinin reduced PMA-enhanced COX-2
expression and activity in Raw 264.7 cells. Additionally, dihydroartemisinin decreased luciferase activity of COX-2 regulation-related transcription factors including nuclear factor κB (NF-κB), activator protein-1 (AP-1), CCAAT-enhancer
binding protein (C/EBP) and cyclic adenosine monophosphate (cAMP)-response
element (CRE). Dihydroartemisinin also remarkably reduced PMA-induced p65,
C/EBPβ, c-jun and CREB expression. Furthermore, dihydroartemisinin evidently
inhibited PMA-induced activation of the mitogen activated protein (MAP) kinases,
such as extracellular signal-regulated kinase (ERK), jun n-terminal kinase (JNK)
and p38. These observations suggested that the inhibition of PMA-induced COX2 activation is one of the mechanisms by dihydroartemisinin that promotes the
anti-inflammatory ability in Raw 264.7 cells.

2424

PREVENTION OF HIGH GLUCOSE-INDUCED
HEPATIC LIPOGENESIS BY PHILLYRIN THROUGH
AMP-ACTIVATED PROTEIN KINASE SIGNALING
PATHWAY.

M. Do1, Y. Hwang1, 2 and H. Jeong1. 1Pharmacy, Chungnam National University,
Daejeon, Republic of Korea and 2Pharmaceutical Engineering, International
University of Korea, Jinju, Republic of Korea.
Phillyrin, a major effective constituent of Forsythia koreana, is reported to exert
anti-obesity effect in nutritive obesity mice. However, the mechanism by which
phillyrin inhibits lipogenesis remains unclear. The objective of the present study
was to investigate how phillyrin prevents lipogenesis in human hepatoma (HepG2)
cells induced by high glucose. Phillyrin suppressed high glucose-induced lipid accumulation in HepG2 cells. The expression of critical molecule involved in lipogenesis, sterol regulatory element binding protein-1c (SREBP-1c), was attenuated in
phillyrin-treated cells. Moreover, treatment of phillyrin increased phosphorylation
of liver kinase B1 (LKB1), 5’-AMP-activated protein kinase (AMPK) and acetylCoA carboxylase (ACC), and inhibited the fatty acid synthase (FAS) expression.
These results indicate that phillyrin attenuates lipogenesis in HepG2 cells by blocking the expression of FAS through AMPK activation, suggesting that phillyrin has
potential utility as a chemopreventive agent for anti-obesity.

2425

INHIBITORY EFFECT OF WINTERGREEN OIL FROM
GAULTHERIA FRAGRANTISSIMA IN ULTRAVIOLET
B–IRRADIATED COLLAGENASES EXPRESSION.

T. Phuong1, M. Do1, Y. Hwang1, 2 and H. Jeong1. 1Pharmacy, Chungnam
National University, Daejeon, Republic of Korea and 2Pharmaceutical Engineering,
International University of Korea, Jinju, Republic of Korea.
Ultraviolet B (UVB) irradiation from the sun reduces type I procollagen production and increases matrix metalloproteinases-1 (MMP-1) expression in human skin
and plays a major role in the process of photoaging. Wintergreen oil from
Gaultheria fragrantissima is reported to exert high anti-inflammatory properties

and used to as a health care product. However, the mechanism of action still now is
unknown. The objective of this study was to investigate how wintergreen oil prevents expression of MMP-1 induced by UVB irradiation in human foreskin fibroblast (HS68) cells. Pretreatment of wintergreen oil enhanced cell viability and type I
procollagen production in the UVB-irradiated HS68 cells. Wintergreen oil inhibited UVB-induced expression of MMP-1. The activation of critical regulatory-transcriptional factors, activator protein-1 (AP-1) and nuclear factor-kappaB (NF-κB)
was significantly inhibited by wintergreen oil. Furthermore, wintergreen oil decreased the phosphorylation of Ca2+/calmodulin-dependent kinases (CaMKI and
CaMKIIα). These results indicate that wintergreen oil inhibited UVB-induced
MMP-1 expression via Ca2+-dependent, AP-1 and NF-κB signaling pathway, suggesting that wintergreen oil has potential useful in the prevention and treatment of
skin photoaging.

2426

TOXICOLOGICAL EVALUATIONS OF THE AQUEOUS
LEAF EXTRACT OF OCIMUM GRATISSIMUM.

J. O. Olukunle1, M. O. Abatan3, O. L. Ajayi2, E. O. Akinrinola1, O. T.
Adenubi1 and A. B. Saba3. 1Veterinary Physiology and Pharmacology, University of
Agriculture-Abeokuta, Abeokuta, Ogun, Nigeria, 2Veterinary Pathology, University of
Agriculture-Abeokuta, Abeokuta, Ogun, Nigeria and 3Veterinary Physiology,
Biochemistry and Pharmacology, University of Ibadan, Ibadan, Oyo, Nigeria.
Toxicological evaluation of Ocimum gratissimum was carried out using haematological and serum biochemical changes accompanying prolonged administration of
the aqueous leaf extract of the plant in Wistar rats. Twenty rats were randomly but
equally divided into four groups. Rats in groups I were administered with 0.9%
physiological saline (10ml/kg b.w) as the control animals, while rats in groups II,
III and IV were administered with aqueous extract at 400, 800 and 1600 mg/kg
body weight respectively once daily for 28 days according to the acute toxicity study
carried out. Parameters evaluated were complete blood count, serum protein,
metabolites and enzymes. Samples from liver, spleen, heart, kidney and testis were
processed for histopathology. Data were expressed as mean± Standard Error of
Mean and analyzed using one way ANOVA. Difference of means are considered
statistically significant at p<0.05.
Rats in group III and IV exhibited significant decrease in total white blood cell and
neutrophils count while the lymphocytes count increased significantly for rats in
group IV when compared to the control rats. Administration of the extract elevated
the serum levels of alkaline phosphatase, aspartate amino transaminase, total protein and urea in test rats especially in group IV. Histopathology revealed mild hepatic periportal mononuclear cell infiltration, mild diffuse tubular nephrosis with
evidences of regeneration and hypoplasia in the epididymis.
It was concluded that ethnomedicinal application of Ocimum gratissimum is quite
safe at lower doses but it is hepatotoxic and nephrotoxic at higher doses.

2427

IMMUNOMODULATORY EFFECTS OF JACAREUBIN IN
HUMAN PERIPHERAL BLOOD MONONUCLEATED
CELLS.

G. Guerrero-Palomo1, E. Estrada-Muñiz1, R. Reyes-Chilpa2 and L. Vega1.
1Toxicology, Cinvestav-IPN, Distrito Federal, DF, Mexico and 2Chemistry Institute,
UNAM, Distrito Federal, DF, Mexico.
Chemical compounds derived from plants have proved to be a rich source to develop new drugs. Jacareubin is a xanthone isolated from the heartwood of
Callophyllum brasiliense. In biological studies, it has show antibacterial activity, induction of apoptosis, cytostaticity by arresting cells in G2/M, and cytotoxic effects
on human tumor cell lines, with less toxicity in untransformed human cells.
However, the effect of Jacareubin on normal cells has not been studied. As peripheral blood mononuclear cells (PBMCs) importantly participate in the cancer challenge, and they are an obvious target of antineoplastic drugs due to their administration route, we studied the potential immunomodulator effect of Jacareubin in a
human macrophage cell line (THP-1), and in PBMCs. The macrophages and
PBMC (with or without stimulus) were cultured in RPMI medium and were
treated with Jacareubin (0.5 to 50 μM) for 24, 48 or 72 h. Cell survival was evaluated by the metabolism of 3-(4,5-dimethyltiazol-2-il)-2,5-bromide diphenyl tetrazolium (MTT), as a measurement of mitochondrial activity, and cell proliferation
was evaluated by tritiated thymidine (3[H]T) incorporation. Levels of secretion of
anti-inflammatory cytokines, such interleukin (IL)-4, IL-10, and tumor growth
factor (TGF)-β, and pro-inflammatory cytokines such as interferon (IFN)-γ, IL-2,
IL-6, IL-8, IL-12, and tumor necrosis factor (TNF)-α were evaluated by ELISA, nitric oxide (NO) production by THP-1 cells was measured by Griess assay. MTT,
and 3[H]T assays showed that Jacareubin reduces cell viability from the concentration of 5 μM, and cell proliferation from the concentration of 0.5 μM after 72 h of
exposure. Data on cytokine secretion will be presented at the poster. Further experiments will be performed with the THP-1 human cell line.
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CARDIOTOXICITY OF TRIPTERYGIUM WILFORDII
HOOK. F.

H. Li, C. Hsu and J. Ma. National Shanghai Center for New Drug Safety
Evaluation and Research, Pudong, Shanghai, China.
Tripterygium wilfordii Hook. f. (TWH), a Chinese traditional medicine, is widely
used in the treatment of autoimmune diseases in Asia. Clinical literatures regarding
the adverse effects and diseases caused by TWH are increasing, especially its cardiac
toxicity. Due to the unique clinical efficacy in autoimmune diseases, TWH is prescribed widely. There have been some clinical case reports and animal studies of
TMH; however, studies on its cardiac toxicity mechanism(s) are limited. Glycoside
of Tripterygium Wilfordii (GTM) is a refined extract from peeled roots of TWH.
GTM is one of the most widely used TWH formulations, thus it is used for the current study. An acute (oral gavage, 100 or 200 mg/kg) and a repeat dose (5, 15, and
45/90 mg/kg/day for 28 days) study of GTM in SD rats were carried out. Both
studies showed that GTM increased cardiac Troponin I, mortality rate, and focal
myocardial necrosis. To study the possible mechanism(s) of TWH cardiac toxicity,
a Real Time xCELLigence Analysis System (ACEA Biosciences, San Diego, CA,
USA) was adopted for studying the effects of triptolide (>99.5%, Sigma, St. Louis,
MO, USA) the major active ingredient of TWH. More specifically, the beating
rates of primary cultured neonatal rat cardiac cells treated with triptolide were monitored for continuous 20 hours. The results showed that triptolide (>20 μM) inhibited beating rates approximately 10 minutes after the administration but the beating rates returned to the normal range 1 hour after the administrations. For
triptolide at 140 μM or higher, the beating rates were normal up to 15 hours after
the administration, and then became irregular till study end. The irregularity might
be due to cell death. The effects of triptolide on Human Ether-a-go-go Related
Gene (hERG) encoded potassium current (Ikr) were also studied. The results
showed that triptolide inhibited Ikr in a concentration dependent manner. Hence,
it is suggested that triptolide can induce QT prolongation. In conclusion, special
attention should be paid to cardiac toxicity when using GTM, triptolide or other
formulations of TWH in clinical settings.

2429

TOXICITY PROFILE OF ACONITUM
HETEROPHYLLUM WALL.

H. G. Vyas1, B. Vyas1, S. V. Joshi1, P. Shah1, D. Shah1 and T. Gandhi2.
1Pharmacology, Maliba Pharmacy College, Tarsadi, Gujarat, India and
2Pharmacology, Anand Pharmacy College, Anand, Gujarat, India. Sponsor: P. Shah.
Aconitum heterophyllum Wall commonly known as “Atis” or “Patis” belongs to
family Ranunculaceae and is reported for its medicinal and pharmaceutical values
since long. Roots which have been used mostly as poison than as drug are now reported to possess significant antipyretic and analgesic properties with a high therapeutic index. The plant was used for treatment of diseases of nervous system, digestive system, rheumatism and fever. It also exhibits anti-fungal and anti-bacterial
activities. Investigation was carried out to evaluate safety of aqueous extract of
Aconitum heterophyllum roots by determining its potential toxicity after acute and
chronic administration in Wistar rats. Roots of Aconitum heterophyllum were
dried, powdered and extracted by maceration with water for 7 days. Dried extract
was dissolved in distilled water and administered in different doses. For acute toxicity study, extract was administered in six female Wistar rats by oral gavage at doses
175, 550, 1750 and 5000 mg/kg body weight according to OECD 425. Changes
in general behaviour, mortality and body weight were recorded for 14 days and
necropsy was performed on day 14. No mortality was observed. Repeated dose oral
toxicity study was performed for 28 and 90 days as per OECD 407 and 408 respectively with dose 1000 mg/kg p.o. Animals were observed closely on each day
for signs of toxicity and scored as per Functional Observational Battery (FOB). No
mortality or changes in clinical signs and FOB were noted. No significant changes
were observed in biochemical, hematological parameters and organ weights.
Histopathological studies of important organs showed normal structure, suggesting
no morphological alterations. Lack of mortality or clinically significant changes in
biochemical and haematological parameters in rats after 90 days of daily dosing circumvent toxicity of extract. Thus, aqueous extract of Aconitum heterophyllum
roots can be considered safe for therapeutic use.

2430

CYTOTOXICITY OF RESVERATROL AND ITS ANALOGS
PTEROSTILBENE AND PICEATANNOL IN
MACROPHAGES.

C. Adiabouah and B. Billack. Pharmaceutical Sciences, St. John’s University,
Jamaica, NY.
Resveratrol (RES) is a stilbene which possesses antioxidant, anti-inflammatory and
anti-cancer activities. We previously reported that RES and the related compounds
pterostilbene (TPS) and piceatannol (PIC) were cytotoxic to RAW 264.7
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macrophages after a 24 h incubation. Here, the effect of RES, TPS and PIC was investigated in these cells following a 48 h incubation. A series of studies using trypan
blue dye exclusion to assess cell viability found that TPS was more toxic than either
PIC or RES (LC50 values of 3.6, 11.5 and 15.2 μM respectively). When the MTT
assay was used to assess viability, RES was found to be less cytotoxic than either TPS
or PIC after 48 h (LC50 values of 31.5, 20.1 and 20.7 μM respectively). TPS differs from RES by the presence of methoxy groups instead of hydroxyl groups on the
A ring. This structural difference may explain why TPS was the most toxic to RAW
264.7 cells. Several published reports indicate that RES induces apoptosis in cancer
cells. To determine if RES can activate apoptosis in our model, RAW 264.7 cells
were treated with RES (30 μM, 24 h) and the activity of caspase-3 (CASP-3) was
monitored. CASP-3 activity was found to increase in a time- and concentrationdependent manner. To investigate if the results above could be generalized to primary cells, macrophages isolated from female C57BL/6J mice were incubated for
24 h with RES, TPS or PIC. Peritoneal macrophages were more resistant to RES
(LC50 > 200 μM), PIC (LC50 > 200 μM) and PTS (LC50 = 70 μM) than the
RAW 264.7 macrophages, which are transformed cells. TPS was the most toxic
among the stilbenes tested in the primary cells. Taken together, the in vitro and ex
vivo comparative data suggest that the transformed macrophages are more sensitive
than the primary macrophages to TPS, PIC and RES.

2431

PRELIMINARY TOXICITY AND PHYTOCHEMICAL
STUDIES OF THE AQUEOUS EXTRACT OF FICUS
PLATYPHYLLA IN FEMALE WISTAR RATS.

C. J. Ugwah-Oguejiofor1, S. O. Bello1, E. U. Etuk2, V. U. Igbokwe3, M. O.
Ugwah4 and R. U. Okolo5. 1Pharmacology & Toxicology, Usmanu Dan Fodiyo
University, Sokoto, Sokoto, Nigeria, 2Department of Pharmacology, College of Health
Sciences, Usmanu Dan Fodiyo University, Sokoto, Nigeria, 3Department of
Physiology, Usmanu Dan Fodiyo University, Sokoto, Sokoto, Nigeria, 4Department of
Pharmacy, Usmanu Dan Fodiyo University Teaching Hospital, Sokoto, Sokoto,
Nigeria and 5Department of Anatomy, College of Health Sciences, Usmanu Dan
Fodiyo University, Sokoto, Sokoto, Nigeria. Sponsor: W. Hayes.
Ficus platyphylla Del. Holl., commonly known as gutta percha tree, grows widely
in the Northern part of Nigeria. It is called gamji in hausa language. The leaves,
seeds and bark of the plant have been used together traditionally to promote fertility. Previous studies on the central nervous and anti-inflammatory effects have been
conducted on the stem bark of the plant. The present study was aimed to investigate the safety of Ficus platyphylla. Phytochemical, acute and repeat dose toxicity
studies were conducted on aqueous extract of the leaves, seeds and bark of F. platyphylla. A Limit dose of 3000mg/kg of the aqueous extract was administered orally
to female wistar rats in sequence to test for acute toxic
effect. A dose of 700mg/kg was administered orally daily for 28days to another
group of female wistar rats to ascertain the repeat dose effect. The control group of
female wistar rats received 5ml/kg of distilled water (diluent of the aq. extract) for
28days. Biochemical and histological analysis were conducted . Phytochemical
studies revealed that the extract contains saponins (1%), tannins (16.75%),
flavonoids (24.3%), volatile oils, glycosides (2.47%) and steroids. The acute toxicity results showed that the extract has LD50 above 3000mg/kg and repeat dose toxicity studies of the extract revealed possible damage to the glomeruli of rat kidney.
Though the extract is relatively safe, its prolong use may carry risk of renal damage.

2432

CARDIOPROTECTIVE EFFECTS OF PIQUIá PULP
FRUIT (CARYOCAR VILLOSUM) AGAINST
DOXORUBICIN-INDUCED LIPID PEROXIDATION
AND DNA DAMAGE IN RATS.

M. R. Almeida1, J. C. Darin1, A. F. Aissa2, L. C. Hernandes1, D. J. Dorta3, A.
Z. Mercadante4, R. C. Chisté4, L. G. Antunes1 and M. P. Bianchi1. 1Faculdade de
Ciências Farmacêuticas de Ribeirão Preto, Ribeirão Preto, São Paulo, Brazil,
2Faculdade de Medicina de Ribeirão Preto, Ribeirão Preto, São Paulo, Brazil,
3Faculdade de Filosofia, Ciências e Letras de Ribeirão Preto, Ribeirão Preto, São
Paulo, Brazil and 4Faculdade de Engenharia de Alimentos, Campinas, São Paulo,
Brazil.
Doxorubicin (DXR) is a widely used chemotherapeutic agent; however, its clinical
use is limited due to its cardiotoxicity associated with an oxidative stress induction.
Piquiá (Caryocar villosum) is a native tree from Amazon rainforest and its fruit,
which contains antioxidants such as carotenoids and phenolic compounds, is commonly consumed by local residents. The aim of this study was to investigate the
genotoxicity and also the protective effect of piquiá pulp fruit against lipid peroxidation and DNA damage induced by DXR in heart of rats by determining the thio-

barbituric acid reactive substances (TBARS) and comet assay, respectively. Piquiá
pulp fruit (75, 150 or 300 mg/kg b.w.) was administered by gavage in Wistar rats,
for 14 days, and 24 hours before euthanasia, the animals received an injection of
saline or DXR (15mg/kg b.w., i.p.). DXR increased the concentrations of TBARS
in heart tissue and the animals that received piquiá at all tested doses associated
with DXR presented a significant reduction in TBARS. Further, piquiá at all tested
doses showed no genotoxic effects and the dose of 300 mg/kg b.w. significantly reduced DXR-induced DNA damage in cardiac cells. Thus, piquiá ameliorated lipid
peroxidation and DNA damage induced by DXR in rats. The constituents of
piquiá pulp fruit carotenoids, flavonoids and phenolic compounds, may be the responsible for these protective effects since they had already demonstrated antioxidant activity when isolated. To elucidate the phytochemical composition, we are
currently performing analyzes of piquiá pulp fruit. Financial support: FAPESP and
CAPES.

2433

STUDY OF THE ANTIGENOTOXIC AND CYTOTOXIC
ACTIVITIES OF THE FRUIT SOLANUM
SESSILIFLORUM BY THE MICRONUCLEUS TEST IN
RATS.

L. C. Hernandes1, J. C. Darin1, M. R. Almeida1, E. Rodrigues2, A. Z.
Mercadante2, D. J. Dorta3, M. P. Bianchi1 and L. G. Antunes1. 1Faculdade de
Ciências Farmacêuticas de Ribeirão Preto, Ribeirão Preto, São Paulo, Brazil,
2Faculdade de Engenharia de Alimentos, Campinas, São Paulo, Brazil and 3Faculdade
de Filosofia, Ciências e Letras de Ribeirão Preto, Ribeirão Preto, São Paulo, Brazil.
Maná-cubiu (MC) (Solanum sessiliflorum) is a native exotic plant from Amazonian
forest. Its fruits pulp contains phenolic compounds and carotenoids, as well as antioxidant capacity. Due to its use in folk medicine to control blood glucose and
cholesterol levels and the lack of scientific information, the aim of this study was to
investigate the genotoxic and antigenotoxic potential of MC pulp by the micronucleus test in peripheral blood and bone marrow cells from Wistar rats. The tests
were performed with water or MC pulp (250 or 375 mg/kg b.w.) by gavage for 14
days; followed by intraperitoneal injection (i.p.) of saline or doxorubicin (DXR,16
mg/kg b.w), just after the last gavage and 24 hours before euthanasia. The animals
were divided into six groups: negative control (saline solution i.p); positive control
(DXR i.p); and two doses of MC associated or not with DXR. The animals treated
with MC in both doses showed no statistical differences on the PCE/NCE ratio
and on micronuclei frequency in bone marrow and peripheral blood, demonstrating lack of cytotoxicity and genotoxicity effects. The highest dose of MC (375
mg/kg b.w) significantly reduced the micronuclei frequency induced by DXR in
bone marrow (60.22%) and peripheral blood (64.52%) cells. This protective effect
against DXR-induced DNA damage could be explained due to the antioxidant activity of carotenoids and phenolic compounds presents in MC pulp. To elucidate
the phytochemical composition, we are currently performing analyzes of the pigments in MC pulp fruit to identify the compounds involved in these protective effects. Financial Support: FAPESP and CAPES.

2434

MONITORING OF PIG-A MUTATION IN HUMAN
PERIPHERAL RED BLOOD CELLS.

V. N. Dobrovolsky1, R. H. Heflich1, A. H. Bigger3 and R. K. Elespuru2. 1NCTR,
Jefferson, AR, 2CDRH, Silver Spring, MD and 3CDER, White Oak, MD. Sponsor:
S. Morris.
We have developed a simple, robust and inexpensive assay for measuring the frequency of human peripheral red blood cells (RBCs) having mutation in the endogenous phosphatidylinositol glycan class-A gene (PIG-A). The PIG-A gene is involved in biosynthesis of glycosyl phosphatidyl inositol (GPI). In the assay, PIG-A
mutants are identified by immunofluorescent staining with monoclonal antibodies
against CD59, a cell surface marker anchored to the exterior of the plasma membrane by GPI. The frequency of CD59-deficient, presumably PIG-A mutant, RBCs
is then determined by multiparameter flow cytometry, using technology available at
most research and clinical facilities. We determined the frequency of PIG-A mutant
RBCs in 97 healthy volunteers and in 10 newly diagnosed cancer patients receiving
antineoplastic chemotherapy with several genotoxic drugs known to be clastogens.
In the majority of self-identified healthy donors, PIG-A mutant frequency was low
(mean ± standard deviation = 5.1±4.9×10-6) and stable. In cancer patients the
PIG-A mutant frequency was measured before the start of chemotherapy and at several time-points while on/after the therapy. A clear, approximate 3-fold increase in
the frequency of CD59-deficient mutant RBCs was observed in one patient at 4
and 6 months after the start of chemotherapy with cisplatin and etoposide. The re-

sults suggest that the RBC PIG-A assay can be useful for detection of genotoxicity
in humans, especially when the frequency of mutant RBCs can be determined before the exposure to potential hazards and at several time-points thereafter. The
assay may be used for monitoring volunteers in clinical trials of new drugs and for
diagnosis of endogenous genetic instability as a predictor of susceptibility to cancer.
All procedures related to blood collection and processing were reviewed by FDA’s
Research Involving Human Subjects Committee and received a categorical exemption from oversight. The study was partially funded by the FDA’s Critical Path
Initiative national strategy.

2435

DETECTION OF IDIOSYNCRATIC HEPATOTOXICITY
POTENTIAL WITH METABOLITE PROFILING OF RAT
SERUM.

H. Kamp1, B. van Ravenzwaay1, N. Moeller2, T. Walk2 and W. Mattes3. 1BASF
SE, Ludwigshafen, Germany, 2metanomics GmbH, Berlin, Germany and
3Pharmpoint Consulting, Poolesville, MD. Sponsor: R. Landsiedel.
Idiosyncratic drug-induced liver injury (iDILI), where hepatotoxicity occurs in a
few individuals treated with a drug that shows no liver injury in routine animal toxicology studies, is a serious concern for both the pharmaceutical industry and regulatory agencies. The question remains whether the potential for iDILI might have
been detected in such studies if new measures had been added to the usual complement of clinical and histo-pathology. One promising measure is metabolite profiling (metabonomics/metabolomics). To address the question of whether iDILI
could be detected with this approach, 15 compounds were selected: Phenytoin,
Flutamide, propyl-thiouracil, Lamivudine, Methotrexate, Captopril, Nefazodone,
Nevirapine, Valproic acid, and Zidovudine as positive for iDILI potential, with
Atropine, Mannitol, Neomycin, Streptomycin, and Vancomycin as negative.
Classifications were taking from public sources. Metabolite profiles were taken
from MetaMap®Tox, a unique database of metabolite profiles from rat plasma obtained during 28 day rat studies of over 500 pharmaceuticals, chemicals and agrochemicals. This database, developed by metanomics GmbH and BASF SE, was also
used to create “mechanism of action” (MOA) metabolite signatures (“toxicity pattern”) for a number of know toxicities, and the metabolite profiles of the chosen
compounds were examined for matches to various MOAs. Eight of the ten compounds with iDILI potential had metabolite profiles that matched with patterns of
various liver toxicities, including cholestasis, oxidative stress, acetaminophen-type
toxicity and peroxisome proliferation. Only methotrexate and lamivudine showed
no such matches. By contrast, only one of the five non-DILI compounds
(Atropine) showed weak matches with liver enzyme induction and with general
liver toxicity. These results suggest that metabolite profiling may indeed have promise to detect compounds with iDILI potential.

2436

ASSESSING HUMAN EXPOSURE TO TRICLOCARBAN
USING URINARY TRICLOCARBAN AND ITS
OXIDATIVE METABOLITES AS BIOMARKERS.

S. Ye, X. Zhou and A. Calafat. Center for Disease Control and Prevention, Atlanta,
GA. Sponsor: R. Wang.
3, 4, 4’- Trichlorocarbanilide (triclocarban, TCC) is widely used as an antimicrobial
agent in a variety of consumer and personal care products including soaps, detergents, toothpastes, deodorants, and cleansing lotions. TCC is classified as a high
production volume chemical which has been detected in surface waters, municipal
water treatment effluents, and in about 60% of the streams throughout the United
States. Because of the widespread use of TCC, the potential for human exposure is
high. TCC is considered a potential endocrine disruptor, but its potential toxic effects in humans are still largely unknown. Results from in vivo and in-vitro studies
suggested that urinary TCC and its two oxidative metabolites, 2’-hydroxy-TCC
(2’-OH-TCC) and 3’-hydroxy-TCC (3’-OH-TCC), might serve as the biomarkers
for human exposure to TCC. There is limited data on the exposure to triclocarban
in human populations. In the present study, we characterized the human exposure
to TCC using conveniently sampled populations. The Human Subjects
Institutional Review Board approved the study protocol. Between 2009 and 2011,
156 urine samples were collected from a diverse group of 79 male and 79 female
adult volunteers with no documented occupational exposure to TCC. We also analyzed 16 commercially available adult serum samples collected between 1998 and
2003. The analytical method used to quantify TCC and its metabolites (2’-OHTCC and 3’-OH-TCC) in urine and serum was an on-line solid phase extraction
coupled to high performance liquid chromatography-isotope dilution tandem mass
spectrometry. Among the three compounds measured, TCC was detected the most
in urine, with the frequency of detection at 35.4%. A trace amount of TCC was
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also detected in serum. Our results suggest that human exposure to TCC occurs, albeit it appears to be rather limited, and such exposure is likely related to a person’s
lifestyle.

2437

Motts2, 1,

IDENTIFICATION OF NOVEL BIOMARKERS OF
MERCURY-INDUCED IMMUNE DYSREGULATION IN
HUMANS.
Silbergeld3,

Gardner4

Nyland1, 3. 1Pathology,

J.
E. K.
R. M.
and J. F.
Microbiology, and Immunology, University of South Carolina School of Medicine,
2
Columbia, SC, Biology, University of South Carolina, Columbia, SC,
3Environmental Health Sciences, Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD and 4Institute of Environmental Medicine, Karolinska Institute,
Stockholm, Sweden.
Mercury (Hg) is an ubiquitous environmental contaminant, causing both neurotoxicity and immunotoxicity. Given its ability to amalgamate gold, Hg is used in
small-scale gold mining. The goal of this project was to identify novel serum biomarkers of Hg-induced immune dysregulation. A reanalysis of serum samples from
an epidemiological study on miners working in Amazonian Brazil was completed
on stratified samples (based on Hg level and antinuclear autoantibody titer) using a
protein microarray to probe for the induction of elevated auto-antibodies. We
found statistically relevant correlations between high levels of Hg exposure and certain auto-antibodies. The antibodies were then analyzed in terms of immune system pathways. Pathways examined include those involved in antigen presentation,
oxidative stress and macrophage signaling/activation. Auto-antibodies identified as
novel biomarkers include antibodies to the following proteins: interferon-induced
transmembrane protein (IFITM-1), STAT-6, FKBPL, heat shock transcription factor (HSF-1), colony stimulating factor (CSF-1), ghrelin/obestatin prepropeptide
(GHRL), metallopeptidase inhibitor (TIMP-1), peroxiredoxin (PRDX-2), glutathione S-transferase alpha (GSTA-1), and chaperonin (HSPD-1). These proteins
play a wide variety of roles, including as antioxidants, in the regulation of pro- and
anti-inflammatory cytokines, as well as danger and oxidative stress signaling.
Dysregulation of these proteins is believed to play a role in autoimmune diseases
such as rheumatoid arthritis, Sjögren’s syndrome, and multiple sclerosis. Our next
step is to validate these findings by probing the entire sample cohort for titers of
these auto-antibodies.

2438

ASSOCIATION OF ENVIRONMENTAL EXPOSURE TO
POLYCYCLIC AROMATIC HYDROCARBONS WITH
BODY BURDEN OF ESTROGEN QUINONES IN
BREAST CANCER PATIENTS USING HEMOGLOBIN
ADDUCTS AS BIOMARKERS.

C. Lin, R. Chang-Sin, G. Mao-Huei, S. Hung-Jie and L. Po-Hsiung. National
Chung Hsing University, Changhua City, Taiwan.
Both 17β-estradiol-2,3-quinone (E2-2,3-Q) and 17β-estradiol-3,4-quinone (E23,4-Q) and 1,2-naphthoquinone (1,2-NPQ) and 1,4-naphthoquinone (1,4-NPQ)
are reactive metabolites of estrogen and naphthalene that are thought to be responsible for the estrogen and naphthalene-induced genotoxicity. The aim of this study
was to establish a methodology to simultaneously analyze both estrogen and naphthalene quinone-derived protein adducts and to measure the background levels of
these adducts in human hemoglobin (Hb) derived from female breast cancer patients (n=85) in Taiwan. Results from in vitro experiments confirmed that the production of estrogen quinone-derived adducts on Hb increased with increased concentration of estrogen quinones. Time-course experiments suggested that both
E2-2,3-Q- and E2-3,4-Q-derived adducts rapidly reached maximum values at 10
min mark and remained constant thereafter for up to 24 h. When we investigated
the levels of estrogen and naphthoquinone quinone-derived adducts in human hemoglobin, cysteinyl adducts of E2-2,3-Q-4-S-Hb, E2-3,4-Q-2-S-Hb, 1,2-NPQ,
and 1,4-NPQ were detected in breast cancer patients (n=85) with median levels at
497 (range 281–764), 961 (range 700–1500), 258 (33.0-709), and 32.0 (12.079.0) (pmol/g), respectively. Levels of E2-2,3-Q-4-S-Hb correlated significantly
with those of E2-3,4-Q-2-S-Hb (correlation coefficient r=0.643, p<0.001).
Additionally, levels of 1,2-NPQ-Hb correlated significantly with those of 1,4NPQ-Hb (r=0.549, p<0.001). We noticed that levels of 1,2-NPQ-Hb positively
correlated with those of E2-3,4-Q-2-S-Hb (r=0.505, p<0.001) and E2-2,3-Q-4-SHb (r=0.340, p<0.001). This evidence suggests that environmental exposure to
polycyclic aromatic hydrocarbons may enhance bio-activation of estrogen to the reactive quinone species. Overall, we conclude that the methodology developed in
this study may be applied to epidemiological studies as biomarkers of estrogen
homeostasis.
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THE USE OF NOVEL NEPHROTOXICITY
BIOMARKERS AFTER CHRONIC URANIUM AND
ACUTE GENTAMICIN COEXPOSURE.

Y. Guéguen1, C. Rouas1, J. Stefani1, S. Grison1, L. Grandcolas1, I. Dublineau1
and P. Marc2. 1DRPH /SRBE, IRSN, Fontenay-aux-Roses, 92262, France and
2Faculté de Pharmacie INSERM UMR 996, Universud, Châtenay-Malabry, 92296,
France.
Uranium is a radioactive heavy metal with a predominantly chemical toxicity affecting especially the proximal tubular structure of the kidney. Few experimental
studies have examined the effect of chronic low-dose exposure to uranium on kidney biomarkers. None of them has studied the effect of additional co-exposure to
other potentially nephrotoxic environmental or therapeutic agent. The aim of the
present study is to examine the effect of treating uranium-exposed rats with a
nephrotoxic drug.
Rats were contaminated through drinking water by uranyl nitrate for 9 months (40
mg/L) and then treated by gentamicin for 4 consecutive days (0, 5, 25, 100 and
150 mg/kg). Kidney and especially tubular injuries were estimated with physiological, biological, histological and functional biomarkers.
Neither physiological indicators (diuresis and creatinine clearance) nor standard
plasma and urine markers (creatinine, urea and total protein) levels were deteriorated when uranium exposure was combined with nephrotoxicity induced by gentamicin. A histological study of the kidney showed a small increase in tubular
necrosis in uranium-exposed rats compared to non-exposed rats (+30%, p<0.05).
Gentamicin treatment significantly increased the level of Kim-1 gene and protein
expression in renal cortex and in urine (from 25 to 100 fold, p<0.001) but no significant difference was observed between uranium-exposed or non-exposed rats.
Similarly, the use of other sensitive markers (osteopontin, kallikrein) indicated tubular structure damages due to gentamicin that was not aggravated by uranium exposure.
Finally, the use of novel markers of kidney toxicity provides new knowledge about
the nephrotoxicity threshold of gentamicin, and allows us to conclude that under
our experimental conditions, low dose uranium exposure did not induce signs of
nephrotoxicity or enhance renal sensitivity to another nephrotoxicant.

2440

IDENTIFYING THE SOURCES OF UNCERTAINTY IN
THE PROCESS OF RECONSTRUCTING EXPOSURES
TO CARBARYL USING EXPOSURE-TO-DOSE
MODELING.

Y. Tan1, K. Holm1, M. Yoon2, B. Young3, H. Clewell2, R. Tornero-Velez1, R.
Goldsmith1, D. Chang1, C. Grulke1 and C. Dary4. 1US EPA, Research Triangle
Park, NC, 2The Hamner Institutes, Research Triangle Park, NC, 3Bayer CropScience,
Research Triangle Park, NC and 4US EPA, Las Vegas, NV.
Given the growing number of population-based biomonitoring surveys, there is an
escalated interest in using biomarkers (chemical or metabolite concentrations) to
reconstruct exposures for supporting risk assessment. Exposure reconstruction,
however, is challenging due to uncertainty and variability in exposure and in pharmacokinetics. In this study, the sources of uncertainty involved in exposure reconstruction for a rapidly eliminated chemical, carbaryl, were characterized using an
exposure model, Cumulative and Aggregate Risk Evaluation System (CARES), and
a human physiologically based pharmacokinetic (PBPK) model. CARES was used
to generate time-concentration profiles for 500 virtual individuals exposed to carbaryl in food and drinking water for 365 days. Using these time-concentrations
profiles as inputs to the PBPK model, biomarker (1-naphthol in urine) time course
simulations were produced. These simulated biomarker data were then used to reconstruct an average daily carbaryl intake under various conditions. The sources of
uncertainty were identified by removing one piece of information at a time. Some
examples were: (1) time between the last meal eaten and urine sample collection;
(2) frequency of food consumption; (3) urine output information such as urine volume and time of last void; and (4) chemical-specific parameters in the PBPK
model. It was found that without certain exposure information such as the time between last exposure event and biomarker sample collection, biomarker data and a
PBPK model, which describes the exposure-biomarker linkage, alone are not sufficient to properly reconstruct exposures for carbaryl. [This abstract has been cleared
by the US-EPA but solely expresses the view of the authors]
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EXPOSURE TO ORGANOPHOSPHATE INSECTICIDES
AMONG CHILDREN LIVING ALONG THE US-MEXICO
BORDER.

K. Holm1, R. Tornero-Velez1, R. Goldsmith1, D. Chang1, C. Grulke1, C.
Dary2 and Y. Tan1. 1US EPA, Research Triangle Park, NC and 2US EPA, Las Vegas,
NV.
An important tool for evaluating pesticide exposure is biomonitoring, since biomarkers reflect the dose that actually entered the body and represent an aggregate
exposure received by all routes. In several exposure studies, spot urinary concentrations of metabolites of several organophosphate (OPs) insecticides (including chlorpyrifos) were measured from children (ages 1 to 9) who lived in the U.S.-Mexico
Border Region. The distributions of chlorpyrifos-specific metabolite, 3,5,6trichloro-2-pyridinol (TCPY), measured in two exposure studies were comparable
to the U.S. population as indicated by the National Health Nutrition Examination
Survey (NHANES), except at the higher percentiles (> 95th percentile) these children had higher-than-NHANES urinary concentrations. On the other hand, the
distributions of non-specific metabolites, dialkylphosphates (DAPs), measured in
two exposure studies were much higher than the NHANES distribution. To further
investigate the sources of exposures for children with high urinary metabolite concentrations, pharmacokinetic (PK) and physiologically based pharmacokinetic
(PBPK) models were used to simulate the pharmacokinetics of OPs. For model inputs, questionnaire, environmental measurement data, and study protocols were
used to generate possible exposure scenarios (e.g., routes of exposure) and specify
biomarker measurements (e.g., time when urine samples were taken).
Environmental (indoor air) concentrations were measured in one study. Some studies had time-activity diaries, and another one had questionnaire data such as
parental occupation information. Using these data and model simulations, our
analyses identified several potential sources of exposures that may lead to these
higher urinary metabolite concentrations. Examples of these sources included
higher exposures from multiple routes, aggregate exposures to multiple OPs, and
co-exposure to both parent and degradates. [This abstract has been cleared by the
US-EPA but solely expresses the view of the authors]
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EXPOSURE TO TRI-O-CRESYL PHOSPHATE AS A
POSSIBLE EXPLANATION OF “AEROTOXIC
SYNDROME”

M. Liyasova1, 2, B. Li2, L. M. Schopfer2, F. Nachon3, P. Masson3, 2, C. E.
Furlong4 and O. Lockridge2, 1. 1Environmental, Agricultural & Occupational
Health, University of Nebraska Medical Center, Omaha, NE, 2Eppley Institute,
University of Nebraska Medical Center, Omaha, NE, 3Département de Toxicologie,
Institut de Recherche Biomédicale des Armées, La Tronche, France and 4Department of
Medicine and Genome Sciences, University of Washington, Seattle, WA.
The aircraft cabin ventilation is supplied from unfiltered bleed air directly from the
engine. Defective engine seals can result in the release of engine oil into the cabin
air supply. Aircrew and passengers have complained of illness following such “fume
events”. Adverse health effects are hypothesized to result from exposure to tricresyl
phosphate, mixed esters added to jet engine oil. Our goal was to develop a laboratory test for exposure to tricresyl phosphate. The assay was based on the fact that
the active-site serine of butyrylcholinesterase reacts with the active metabolite of trio-cresyl phosphate, cresyl saligenin phosphate, to make a stable phosphorylated
adduct with an added mass of 80 Da. No other organophosphorus agent makes this
adduct in vivo on butyrylcholinesterase. Blood samples from jet airplane passengers
were obtained 24-48 hours after completing a flight. Butyrylcholinesterase was partially purified from 25 ml serum or plasma, digested with pepsin, enriched for
phosphorylated peptides by binding to titanium oxide, and analyzed by mass spectrometry. Of 12 jet airplane passengers tested, 6 were positive for exposure to tri-ocresyl phosphate that is, they had detectable amounts of the phosphorylated peptide FGEpSAGAAS. No more than 0.05 to 3% of plasma butyrylcholinesterase was
modified. None of the subjects had toxic symptoms. Four of the positive subjects
were retested 3 to 7 months following their last airplane trip and were found to be
negative for phosphorylated butyrylcholinesterase. In conclusion, this is the first report of an assay that detects exposure to tri-o-cresyl phosphate in jet airplane travelers.
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OXIDATIVE STRESS, INFLAMMATORY, AND IMMUNE
RESPONSE AFTER INHALATION EXPOSURE TO
BIODIESEL EXHAUST.

E. K. Kisin1, A. R. Murray1, 2, A. V. Tkach1, S. H. Gavett3, M. I. Gilmour3 and
A. A. Shvedova1, 2. 1NIOSH, Morgantown, WV, 2West Virginia University,
Morgantown, WV and 3US EPA, Research Triangle Park, NC.
Biodiesel (BD) is an advanced fuel produced from renewable domestic sources. The
broad uses of BD in different industries including mining may lead to potential
health effects. We hypothesized that the toxicity of biodiesel exhaust (BDE) is dependent at least on three major mechanisms: direct reactivity of BDE PM electrophiles towards critical biomolecules, induction of robust inflammatory response
associated with the nano-sized components of BD PM, and triggering of oxidative
stress via depletion of essential antioxidants and activation of oxidative burst in inflammatory cells. In the current study, we evaluated these pathways in BALB/cJ
mice 24 hr after 4 weeks of inhalation exposure to BD (0, 50, 150 and 500 μg/m3;
4 hr/day, 5 d/wk, 4 wk). Biomarkers of pulmonary damage (LDH) and inflammation (myeloperoxidase, MPO) were significantly elevated in the lungsfrom mice exposed to BDE. Additionally, we observed that inhalation exposure caused a significant accumulation of oxidatively modified proteins (carbonyls), increase in
4-hydroxynonenal (4-HNE), reduction of protein thiols, and depletion of antioxidant - gluthatione (GSH). To assess the effects of BDE on pulmonary antigen presenting cells (APC), expression of CD80, CD86, CD40 and MHCII class molecules on lung dendritic cells (DC) was evaluated. BDE altered the phenotype of
APC in the lung and facilitated the recruitment of immature DC into the lung tissues. The proliferative response of spleen T cells upon BDE exposure (ex vivo) was
increased while no changes were observed in regulatory T cell numbers. Overall, the
results show that exposure to BDE induces inflammation and oxidative damage in
the lungs and stimulates local and systemic immune responses. Further investigations will compare the relative potency of different blends of BDE against petroleum diesel. (This abstract does not represent US EPA policy.)
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SERUM PROTEOMIC ANALYSIS OF CHRONIC
ARSENIC EXPOSURE USING 2-D DIGE TECHNOLOGY.

L. Zhao1, D. Sun1, Y. Gao1 and Y. Wei2. 1Center for Endemic Disease Control,
Harbin Medical University, Harbin, Heilongjiang, China and 2Department of
Community Medicine, Mercer University School of Medicine, Macon, GA.
Environmental arsenic exposure has been a major public health concern in the
world. Changes in serum proteins could be potential biomarkers of effect for arsenic exposure. This study was to investigate the changes of serum proteome among
human subjects exposed to different levels of arsenic in drinking water, and in the
subjects with and without arsenic-related skin lesions. Individuals living in endemic
arsenicosis villages of Shanxi Province, China were selected and divided into arsenicosis group with skin lesions and non-arsenicosis group without skin lesions. The
non-arsenicosis group was further divided into low, medium, and high arsenic exposure groups based on the arsenic levels in drinking water, < 10 μg/L, 10-50 μg/L,
and > 50 μg/L, respectively. Since 2003, five years before the survey, an improved
water supply with arsenic < 10 μg/L has been provided to individuals in the arsenicosis group who had used the water containing high levels of arsenic (> 50 μg/L).
An equal amount of serum from thirty subjects in each group were pooled and analyzed by two-dimensional differential gel electrophoresis (2-D DIGE) coupled
with mass spectrometry (MS). Twelve spots were found to be differentially expressed among low, medium, and high arsenic exposure groups, with a positive or
negative correlation with water arsenic levels. Twenty nine spots were found to be
related to arsenicosis. Finally, twenty five spots with high abundance and fold
changes were selected for MS analysis, and 13 proteins were identified, including
plasma retinal binding protein (RBP4), α1-microglobulin, keratin 1 (K1), pigment
epithelial-differentiating factor (PEDF), beta-2-glycoprotein 1 (B2GP1), hemopexin, and others. This study identified the serum proteins that may be candidate
biomarkers of effect for arsenic exposure and arsenicosis. However, further validation studies are required to prove these observations.
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EXPRESSION OF ALDO-KETO REDUCTASE mRNA IN
HUMAN LYMPHOCYTES OF SMOKERS.

B. S. Barrón-Vivanco1, 3, S. J. Rothenberg1, 4, I. M. Medina-Diaz3, L. RobledoMarenco3, A. E. Rojas-García3, G. Elizondo2 and A. Medina1. 1Toxicología,
Cinvestav, México, DF, Mexico, 2Biología Celular, Cinvestav, México, DF, Mexico,
3Laboratorio de Contaminación y Toxicología Ambiental, Universidad Autónoma de
Nayarit, Tepic, Nayarit, Mexico and 4Salud Ambiental, Instituto Nacional de Salud
Pública, Cuernavaca, Morelos, Mexico.
Aldo-keto reductases (AKRs) are a group of oxidoreductases that metabolize a wide
range of substrates, including polycyclic aromatic hydrocarbons (PAHs), generating
metabolites (o-quinones) capable of initiating and promoting carcinogenesis.
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Studies in human cell lines exposed to PAHs have shown changes in mRNA expression for several AKR isoforms, and high levels of AKR mRNA have been observed in diseases associated with exposure to tobacco smoke. The aim of this study
was to evaluate the expression levels of the AKR1A1, AKR1C1, AKR1C2 and
AKR1C3 genes in lymphocytes of human smokers and non-smokers. cDNA samples from 140 men (70 non-smokers and 70 smokers) were analyzed. The expression of AKR was determined by real time PCR using a TaqMan system and cotinine levels in urine measured by ELISA. The increased of AKR1A1, AKR1C1 and
AKR1C3 expression levels were associated with urine cotinine concentrations in
smokers, and were also dependent on the body mass index of participants.
Exposure to cigarette smoke increased the expression of AKRs. This increase may
affect the metabolism of endogenous substrates (such as hormones and bile acids),
as well as exogenous substrates (such as anticancer drugs and environmental pollutants).
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QUANTIFICATION OF SPECIFIC DNA ADDUCTS BY
LC/MS/MS IN THE LIVERS OF MICE GIVEN
ESTRAGOLE AT CARCINOGENIC DOSES.

Y. Ishii1, S. Takasu1, M. Jin1, K. Matsushita1, K. Fukuhara2, K. Ogawa1, A.
Nishikawa3 and T. Umemura1. 1Pathology, National Institute of Health Sciences,
Tokyo, Japan, 2Organic Chemistry, National Institute of Health Sciences, Tokyo,
Japan and 3Biological Safety Research Center, National Institute of Health Sciences,
Tokyo, Japan.
Estragole (ES), a natural constituent of several herbs and spices, is hepato-carcinogenic in mice. The proximal electrophilic form of ES possessing a reactive carbocation is generated by cytochrome P450 and the sulfotransferase metabolizing pathway. In fact, ES forms several DNA adducts, ES-3’-N2-dG, ES-3’-8-dG,
ES-1’-N2-dG, and ES-3’-N6-dA in mouse liver as determined with radioisotope-labeled nucleosides. However, the precise extent of formation in vivo remains uncertain. To clarify the mechanism underlying ES-hepato-carcinogenicity, we developed
quantitative analytical method for ES-specific DNA adducts, and examined DNA
adduct levels in the livers of mice given ES. The analytical method for assessing ES3’-N2-dG, ES-3’-8-dG and ES-3’-N6-dA, using LC-ESI-MS/MS along with sample
preparations such as enzymatic DNA digestion was developed for analysis of in vivo
samples. The limits of quantifications (LOQs) were 0.2 fmol on column for ES-3’N2-dG and ES-3’-8-dG, and 0.07 fmol on column for ES-3’-N6-dA. In order to
confirm the availability of this analytical method in vivo, the levels of these adducts
were measured in hepatic DNA of mice treated with ES at doses of 37.5, 75, 150
and 300 mg/kg b.w. by gavage 5 days per week for 13 weeks. ES-specific DNA
adducts were detected in the range of 1.55 - 40.62 (adduct/106 dG or dA) in EStreated mice. The levels of the DNA adducts in descending order were as follows:
ES-3’-N6-dA, ES-3’-N2-dG, and ES-3’-8-dG. Our newly developed analytical
method was able to measure the precise amount of the dA adduct together with the
two major dG adducts in hepatic DNA of mice treated with ES. The data showed
that the dA adduct was the most abundant form. Overall, the present method and
data should be useful for understanding ES carcinogenesis.
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METHYLGLYOXAL PRODUCTION AND METABOLISM
IN SACCHAROMYCES CEREVISIAE AS A FUNCTION OF
GLYCOLYTIC FLUX.

B. Stewart1, A. Navid2, K. W. Turteltaub2 and G. Bench1. 1Center for Accelerator
Mass Spectrometry, Lawrence Livermore National Laboratory, Livermore, CA and
2Bioscience and Biotechnology Division, Lawrence Livermore National Laboratory,
Livermore, CA.
Methylglyoxal, a toxic dicarbonyl, is generated by the spontaneous degradation of
glycolytic intermediates. Methylglyoxal can form covalent adducts with cellular
macromolecules, potentially disrupting cellular function. These adducts are associated with tissue damage in various diseases including type 2 diabetes mellitus, and
in the aging process. We performed experiments using the organism Saccharomyces
cerevisiae grown in media containing low, normal, and high concentrations of glucose to determine the relationship between glycolytic flux and methylglyoxal generation and subsequent metabolism through the glutathione-dependent glyoxalase
pathway. Growth in high-glucose media resulted in increased generation of methylglyoxal and overall lower efficiency of glucose utilization as measured by growth
rates. Results also show that cells grown in high-glucose media maintain higher glucose flux than cells grown in normal-glucose or low-glucose media. These results
demonstrate that cell growth in a hyperglycemic environment results in increased
generation of of the toxic glycolytic by-product methylglyoxal as a consequence of
increased glycolytic flux. We suggest that this mechanism may be relevant to the development of type 2 diabetes mellitus in the hyperglycemic human.
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BIOMARKERS OF ACRYLONITRILE EXPOSURE:
SECOND-ORDER RATE CONSTANTS FOR THE
REACTION OF ACRYLONITRILE WITH THE MOST
REACTIVE SITES IN HUMAN HEMOGLOBIN.

F. W. Benz, J. Cai, D. E. Nerland and H. E. Hurst. Pharmacology & Toxicology,
University of Louisville Medical School, Louisville, KY.
Military and civilian personnel may encounter the challenge of dealing with an exposure to a toxic industrial chemical used in an act of chemical terrorism.
Acrylonitrile (AN) is produced in large quantities by the chemical industry and is
acutely toxic. Our objective is to define the chemical signatures of AN-adducts in
human blood that will allow for the triage of exposed individuals. In this project we
have measured the second order rate constants for the reaction of AN with the most
reactive sites in human hemoglobin in vitro. Fresh human red blood cell lysates
were incubated, under pseudo first-order conditions, with 100mM AN at 37°C. As
the reaction progressed, 10μl aliquots of the reaction mixture were quenched at various times in acidified acetone to precipitate the protein, the solvent was removed
and the protein was alkylated with iodoacetamide and digested with trypsin. The
tryptic digests were analyzed using an Accela LC System coupled to a LTQOrbitrap XL mass spectrometer. Both the appearance of AN-adducted tryptic peptides and the disappearance of the equivalent unreacted tryptic peptides were monitored. The eleven most reactive sites were monitored and the second-order rate
constants for the initial AN-adduction were measured, although multiple adduction at the same site, e.g. at lysine, was detected. The slowest second-order rate constant measured was 1.0E-3 M-1min-1 for αK16. The increasing order of reactivity
at the other sites relative to this slowest site is as follows: αK16(1.0) < βK17(1.2) <
αH20(2.5) < αK11(4.6) < αK7(5.0) < βH97(5.1) < βK59(5.3) < βK8(6.0) <
βV1(21.0) < αV1(23.0) < βC93(40.0). As can be seen, the most reactive site for
AN-adduction in human hemoglobin was βC93. Its rate of adduction was approximately twice that of the N-terminal valines, which have often been used as a biomarker of AN exposure. Supported by DOD, U.S. Army Medical Research and
Material Command, W81XWH-10-2-0143.
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POLYCYCLIC AROMATIC HYDROCARBONS (PAHS) IN
URINE FROM XUANWEI, CHINA, AS BIOMARKERS OF
EXPOSURE TO FUEL SMOKE.

S. S. Lu1, Q. Lan2, B. Reiss3, M. Shen2, W. Hu2, 4, J. Xu2, 4, N. Rothman2, R.
Vermeulen3 and S. M. Rappaport1. 1University of California Berkeley, Berkeley, CA,
2National Cancer Institute, Bethesda, MD, 3Utrecht University, Utrecht, Netherlands
and 4China National Environmental Monitoring Center, Beijing, China.
Xuanwei County has up to 20 times the lung cancer mortality in women compared
to the rest of China. Epidemiologic studies have associated indoor combustion of
smoky (bituminous) coal with lung cancer risk in Xuanwei. The International
Agency for Research on Cancer (IARC) classifies indoor emissions from the household combustion of coal as carcinogenic to humans. The high levels of PAH exposure from smoky coal emissions have been suggested to contribute to the etiology of
the extraordinary lung cancer rate in Xuanwei, although a causative relationship has
not been established.
We hypothesize that PAH biomarkers might be surrogates of fuel PAH exposure in
these women. Few studies have reported urinary PAH levels from Xuanwei residents. We used automated headspace solid phase microextraction (HS-SPME) coupled with gas chromatography mass spectrometry (GC-MS) to simultaneously
measure 12 two-ring to four-ring urinary PAHs in 0.7-mL aliquots of urine from
Xuanwei women. Personal and indoor-air samples were also collected from the participants for measurement of air concentrations of benzo(a)pyrene (BaP) as a surrogate for PAH exposures.
A pilot study of 38 samples showed that Xuanwei women in the a priori high-exposure group had significantly higher levels of urinary PAHs than women in the lowexposure group, for 10 of the 12 PAHs. Airborne BaP levels were significantly correlated with those of urinary PAHs, indicating that urinary PAH measurements
were indicative of airborne PAH exposures. These data suggest that urinary PAHs
can serve as biomarkers of PAH exposure.
Here, we report the relationships between urinary PAH levels and the corresponding air BaP levels in the full set of over 200 samples from study participants representing a wide range of PAH exposures. Our results support the feasibility of using
urinary PAHs to monitor PAH exposure in epidemiologic studies, such as those in
Xuanwei.

2450

ROTENONE-INDUCED OXIDIZED MOLECULAR
SPECIES OF CARDIOLIPIN IN HUMAN
LYMPHOCYTES: CAN THEY BE USED AS BIOMARKERS
OF MITOCHONDRIAL DYSFUNCTION ASSOCIATED
WITH PARKINSON’S DISEASE?

A. Amoscato, W. Feng, V. E. Kagan and Y. Tyurina. EOH, University of
Pittsburgh, Pittsburgh, PA.
During the last three decades, epidemiological and toxicological studies have provided data that pesticides, including rotenone, contribute to the development of
Parkinson’s disease (PD). Circulating lymphocytes are often used to study the pathogenic mechanisms in PD. We reasoned that oxidized molecular species of CL in
human lymphocytes will progressively accumulate in the course of exposure to
rotenone. We isolated lymphocytes from human blood obtained from the Central
Blood Bank. Using an oxidative lipidomics approach based on 2D-LC/ESI-MS, we
found that CL in human lymphocytes was represented mainly by readily oxidizable
species containing polyunsaturated fatty acid residues. The contents of CL molecular species with polyunsaturated fatty acid residues - C18:2, C20:4 and C22:6 were as high as 67.7%, 24.7% and 5.4%, respectively. Only a small amount (2.2%
of total CL) of non-oxidizable CL molecular species containing C18:1 was found in
human lymphocytes. Detailed structural characterization of oxygenated CL molecular species in lymphocytes treated with rotenone (250 μM, for 18h) revealed the
presence of oxidized CL molecular species. Their characterization demonstrated
that oxidized CL was represented by a profile containing 13 different hydroxy- and
hydroperoxy-molecular species. Further studies of specificity of rotenone induced
CL oxidation in rat midbrain and correlations with the unique stereo-specific molecular species of CL formed in mitochondria of human and rat lymphocytes in response to rotenone exposure will determine the extent to which these profiles of
lymphocyte CL oxidation may lead to reliable biomarkers of mitochondrial dysfunction associated with neurodegenerative disorders. Supported by NIOSH
OH008282; NIH U19 AI068021, HL70755, HL094488, ES020693.
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B. Sahlberg1, D. Norbäck1, G. Wieslander1, T. Gislason3 and C. Janson2.
1Department of Medical Sciences, Occupational and Environmental Medicine,
Uppsala, Sweden, 2Department of Medical Sciences, Respiratory Medicine &
Allergology, Uppsala, Sweden and 3Department of Respiratory Medicine and Sleep,
Faculty of Medicine, Reykjavik, Iceland.
We examined associations between biomarkers of allergy and inflammation, indoor
environment in dwellings and incidence and remission of symptoms included in
the sick building syndrome (SBS) and changes of the home environment in 452
adults followed from 1992 to 2002 within the Uppsala part of the European
Community Respiratory Health Survey (ECRHS). The 10-year incidence (onset)
of general, mucosal, and dermal symptoms was 12.7%, 25%, and 7.7%, respectively. Dampness or indoor moulds at baseline was a predictor of incidence of general (RR=1.98), mucosal (RR=2.28) and dermal symptoms (RR=1.91). Females
had higher incidence of general (RR=1.74) and mucosal symptoms (RR=1.71).
Indoor painting increased incidence of general symptoms (RR=1.62). Bronchial
hyperresponsiveness (BHR), eosinophil counts in blood, total IgE and eosinophilic
cationic protein (ECP) in serum at baseline were predictors of incidence of SBS. At
follow up, BHR; total IgE and C-reactive protein (HCRP) were associated with increased incidence of SBS. Moreover, subjects with doctors’ diagnosed asthma at
baseline had a higher incidence of general symptoms (RR=1.65) and mucosal
symptoms (RR=1.97). In conclusion, female gender, dampness or indoor moulds,
indoor painting and biomarkers of allergy and inflammation were associated with a
higher incidence of SBS symptoms, in particular mucosal symptoms. The association between incidence of SBS symptoms and clinical biomarkers of allergy and inflammation suggests a common aetiology between inflammatory diseases such as
asthma and rhinitis and SBS.
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DETERMINATION OF ENDOGENOUS AND
EXOGENOUS ACETALDEHYDE-DERIVED DNA
ADDUCTS.

B. C. Moeller1, L. Recio2, A. Green2 and J. A. Swenberg1, 3. 1Curriculum in
Toxicology, University of North Carolina at Chapel Hill, Chapel Hill, NC, 2ILS, Inc,
Research Triangle Park, NC and 3Department of Environmental Sciences and
Engineering, University of North Carolina at Chapel Hill, Chapel Hill, NC.
Acetaldehyde (AA) is a ubiquitous chemical that is produced endogenously during
normal metabolic activity; it is ethanol’s primary metabolite and is used in a wide
variety of industrial activities. AA is a known animal carcinogen, causing squamous
cell carcinomas and adenocarcinomas in nasal tissue of rats and laryngeal carcinomas in hamsters following inhalation exposures. AA is highly reactive and can
adduct to both proteins and DNA forming DNA adducts and DNA-protein crosslinks. N2-Ethyldiene-dG is the primary DNA adduct formed following AA exposure to DNA; while stable in DNA, it is unstable following digestion to nucleosides. To address the instability, DNA was reduced using NaCNBH3 to convert
N2-ethyldiene-dG to the more stable N2-ethyl-dG adduct. As AA exposures are a
result of endogenous and exogenous AA, a sensitive and selective method combining HPLC fraction collection, followed by detection and quantitation using nanoLC-MS/MS was developed and validated. DNA was extracted, reduced with
NaCNBH3, and enzymatically digested prior to HPLC fractionation and nano-LCMS/MS analysis. The limit of detection was 10 amol on column and the limit of
quantitation was 20 amol on column. The method was validated with accuracy,
precision, recovery, and matrix effects assessed. Endogenous N2-ethyl-dG was
quantitated at 3.5 ± 0.1 adducts per 107 dG in calf thymus DNA. This method will
be used to determine endogenous and exogenous N2-ethyl-dG adducts following
[13C2]-AA exposure in cell culture. TK6 human lymphoblast cells (~2 x 107
cells/exposure) were exposed to [13C2]-AA for 12 hours at concentrations ranging
from 0.00005 – 2.0 mM AA, along with negative controls. Following completion
of the exposure, the media was removed, cells washed and frozen at -80°C prior to
DNA extraction. The method will be used to determine the exposure-response relationships between endogenous and exogenous AA-DNA adducts following [13C2]AA exposure.

BIOMARKERS AND ONSET OF NONSPECIFIC
BUILDING-RELATED SYMPTOMS IN THE DWELLING:
A COHORT STUDY FROM 1992 TO 2002.

VALIDATION OF A NONANTIBODY METHOD FOR
DETECTION OF SERUM AFLATOXIN B1-LYSINE
ADDUCT IN FISCHER 344 RATS.

L. Tang, G. Qian, F. Wang, X. Guo, M. Massey, J. Su and J. S. Wang.
University of Georgia, Athens, GA.
Serum aflatoxins B1-lysine adduct (AFB-lys) is a validated biomarker for studying
human AF exposure. Recently we have developed a non-antibody based method for
rapid detection of serum AFB-lys adducts in human populations in developing
world. To further validate this method, male Fischer 344 rats were orally administered AFB via different dosing regimens and serum AFB-lys levels were assessed
using this method. The single dosing regimen (SDR) included a control, 50, 250,
and 1000μg AFB/kg body weight groups and blood was collected at 2h, 1, 3, 5,
and 7 days post treatment. The repeated dosing regimen (RDR) included a control,
5, 10, 25, and 75μg AFB/kg body weight groups and blood was collected at 1, 2, 3,
4, and 5 weeks. Serum was prepared and AFB-lys was analyzed. In the SDR, AFBlys adduct was detectable at the maximal level at 2h post treatment with 1.68 ±
0.22 ng AFB-lys/mg albumin in 50μg AFB/kg group, followed by 61% (0.66 ±
0.05), 65% (0.58±0.12), 83% (0.28±0.02), and 92% (0.14 ±0.02) decreases in 1,
3, 5, and 7 days, respectively. Similar pattern was found for 250 and 1000μg
AFB/kg groups. In the RDR, the prolonged exposure for 5-week increased serum
AFB-lys levels to 0.54 ± 0.05, 1.06 ± 0.08, and 3.00 ±0.20 ng AFB-lys/mg albumin
at 5, 10, and 25μg AFB/kg groups, respectively. However, the maximal level of
AFB-lys (9.06 ± 0.84 ng AFB-lys/mg albumin) was found at 2-week after repeated
exposure to 75μg AFB/kg, followed by a 4% (8.67 ±0.90), 12% (7.96 ±0.31), and
22% (7.06 ±0.43) decreases at 3-, 4-, and 5-week, respectively. These results indicated either saturation of the adduct level with exposure to this dose or impaired
liver function of enzymatic activation of AFB in test animals. Excellent correlations
between AFB administrated and AFB-lys adduct level were found. Taken together,
results of this study demonstrate the validity of our method for detecting serum
AFB-lys adduct.
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IDENTIFICATION AND CHARACTERIZATION OF
INTRACELLULAR PROTEINS IN LNCAP CELLS
EXPOSED TO BIZ-2.

L. Brown and W. Gray. Chemical, Southern Unversity A&M College, Baton Rouge,
LA.
Prostate cancer is the leading cause of death in men in the United States. Currently,
there are no known cures for this health problem. Kola Nut (Cola acuminata) or
Bizzy Nut is a plant that contains androgenic-type hormonal activity. Work from
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our lab has shown that Biz-2, an ether extract of Bizzy nut, causes increases in secretion of prostatic proteins such as PSA from LNCaP prostate cancer cell. In addition, Biz-2 has been shown to inhibit the growth of different type of prostate
cells. An understanding of protein secretion by LNCaP cells in the presence and absence of Biz-2 will allow us to determine the role of Biz-2 in the modulation of
prostate cancer cells. Our hypothesis is that Biz-2 changes the type of and amount
of proteins that are secreted by LNCaP cells. To test our hypothesis, we analyzed intracellular proteins obtained from LNCaP cells by ion exchange chromatography
followed by MALDI-TOF-MS. Our analysis shows different population of proteins in each ionic exchange fraction. We were able to show that other proteins in
addition to PSA were affected by Biz-2 exposure. Our results suggest that ion-exchange chromatography coupled to MALDI-TOF-MS is a good technique to determine quantitative difference between the amounts of protein being produced in
response to Biz-2 in prostate cells.
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CREATING VIRTUAL BIOBANKING USING A GLOBAL
METABOLOMICS APPROACH.

Y. Lin1, Z. Guerrette2, T. Aliwarga3, T. Senn3, D. Whittington3, M.
Vredevoogd2, E. Vigoren2 and E. Faustman2. 1Pharmaceutics, University of
Washington, Seattle, WA, 2Environmental and Occupational Health Sciences,
University of Washington, Seattle, WA and 3Medicinal Chemistry, University of
Washington, Seattle, WA.
Biomarkers can be used to study metabolic responses to environmental exposures,
general health, and disease progression. However, “biobanking” or biological sample storage associated with large-scale studies can be expensive in terms of facility
space, equipment, sample tracking and financial cost. As part of a National
Children’s Study sub-study, we are interested in monitoring metabolic profiles to
detect environmental exposures and potential health impacts, as well as to study
inter- and intra-individual variability. To develop cost-effective analytical methods
for qualitative and quantitative measurements of endogenous and exogenous substances in biospecimens, we proposed creating a “virtual biobank”. By generating
multiple metabolomic profiles, we could capture the global profiles for each
biospecimen and store the data electronically for future queries. A smaller aliquot of
the sample could be stored or when the method is completely refined, the samples
could be destroyed. We used a liquid chromatography-quadrupole time-of-flight
(LC-QTOF) metabolomics approach to enable biomarker discovery and screening
for pesticides and/or xenobiotics exposure. Initial evaluation of our real-time analytics approach used urine collected from 3 adult-child pairs over 3 agricultural seasons on 2 sample collection days. In our preliminary data for metabolomic profiling, we found differences between child and parent samples and to exposures
during the three agricultural seasons. Development of metabolomic databases as
well as a comprehensive screening methodology will provide rapid sample analysis
and the potential to move from physical storage of biospecimens to creating a
metabolite data repository or a “virtual biobank”. Acknowledgements: NICHD
HHSN267200700023C, NIEHS 5P01ES009601 and USEPA RD83451401.
Contents are the responsibility of the authors and do not necessarily represent views
of the funding agencies.

determined by Trypan Blue Exclusion) stayed constant at all treatment levels. At
these higher BQ concentrations, we observed an increase of free-floating sTfR with
a corresponding increase in the truncated version of the exosome-bound TfR.
These results suggest that increased secreted sTfR is associated with exposure to a
benzene metabolite in vitro, and may be a useful future biomarker of cellular iron
status. Additional experiments to compare the effects of BQ to another benzene
metabolite, hydroquinone, are currently ongoing.
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PLASMA RESIDENCE TIME AND ORGAN
DISTRIBUTION DETERMINATION OF THE CYANIDE
METABOLITE 2-AMINOTHIAZOLINE-4-CARBOXYLIC
ACID IN RAT SYSTEM.

J. C. Yu2, D. E. Thompson1, I. Petrikovics1, B. Logue3, S. I. Baskin4 and G. A.
Rockwood4. 1Chemistry, SHSU, Huntsville, TX, 2The Master of Science in Forensic
Science Program, SHSU, Huntsville, TX, 3Chemistry and Biochemistry, SDSU,
Brookings, SD and 4Analytical Toxicology, USAMRICD, Aberdeen Proving Ground,
MD.
One of the most important independent detoxification pathways of cyanide in biological systems is the reaction with cystine to produce 2-aminothiazoline-4-carboxylic acid (ATCA). Sub-lethal dose (4 mg/kg body weight) of potassium cyanide
(KCN) was injected subcutaneously into rat, and the plasma and organ distributions of the formed ATCA were studied. At this sub-lethal dose of KCN, ATCA
concentration was not significantly increased in the plasma samples, however, it was
found significantly increased in liver samples. These results suggested that ATCA
might not be a good diagnostic biomarker for cyanide exposure in plasma; however,
liver could serve as the right organ for the detection of ATCA in post mortem examinations involving cyanide exposure in military, firefighting, industrial and
forensic settings. To determine the residence time in the circulation and the pharmacokinetics for this cyanide metabolite, it was intravenously injected to rats.
ATCA was extracted from plasma samples by solid phase extraction (SPE) and molecularly imprinted polymer stir bar sorption extraction (MIP-SBSE). Detection
and quantification of ATCA were achieved by using liquid chromatography-tandem mass spectrometry (LC-MS/MS). It was found that intravenously injected
ATCA concentration was quickly decreased to half within 2.5 hours in the rat system. However, after 2.5 hours, the concentration of ATCA in plasma stayed constant at least 5 folds above endogenous level for more then 48 hours. This finding
of the ATCA residence time in plasma can be used for the evaluation of ATCA’s diagnostic and forensic value as a biomarker for cyanide exposure.
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A STUDY OF EXPOSURES AND PRECLINICAL
FINDINGS AMONG THE ALUMINUM CASTING
WORKERS.

M. Ogawa1, 2 and F. Kayama2. 1Health Care Section, Jichi Medical University,
Shimotsuke, Japan and 2Division of Environmental Toxicology, Jichi Medical
University, Shimotsuke, Japan.
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THE BENZENE METABOLITE 1, 4-BENZOQUINONE
ENHANCES THE SECRETION OF TRANSFERRIN
RECEPTOR (TFR).

S. Daniels, B. Tu, C. Chang, L. Zhang and M. Smith. School of Public Health,
University of California Berkeley, Berkeley, CA.
The transferrin receptor (TfR) is responsible for transporting iron into cells. In the
absence of available iron, TfR is endocytosed and packaged onto the surface of 4090 nm lipid-bound particles called exosomes. During packaging, the external domain of TfR can be cleaved from the surface of the exosomes, and subsequently
both the exosomes and the free-floating receptor are secreted from the cell. The
concentration of this cleaved serum transferrin receptor (sTfR) is measured in
blood and is generally included in calculations of cellular iron status. A human
myelogenous leukemia cell line, K562, which constitutively secretes exosomes and
sTfR, was used as a model to investigate the effect of benzene metabolites on concentrations of TfR released in the supernatant. Here we examine the effects of benzene metabolite, 1,4-benzoquinone (BQ), on sTfR in K562 cells. Cells were treated
with non-cytotoxic concentrations of BQ, ranging from 0-10 μM. After a 40-hour
treatment, cells were counted and harvested, and exosomes were collected by differential centrifugation. The sTfR from saved supernatants was detected by ELISA,
while TfR from exosomes was measured by Western blot. At 5 and 10 μM BQ
there was a significant decrease in cell concentration, while overall cell viability (as
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It is reported that aluminum is a relatively safe metal to humans. However, there are
also some reports that aluminum has the toxicity to lung, nerve, bone, and kidney.
There are few reports that the associations between aluminum concentration in
blood or urine and clinical findings were studied, except for the association with
nervous findings. In this study, we measure the aluminum concentration in urine in
casting workers and investigate the relationships between the urinary aluminum
concentration and the preclinical findings. Nineteen healthy casting workers, who
did not take any medications, participated in this study. They did not show any significant findings in the medical examination, in relation to aluminum. We collected urine and blood samples from them. Aluminum in urine was analyzed using
inductively coupled plasma analysis. In addition, in order to check the preclinical
findings, we measured KL-6, SP-D, TRCP-5b, IL-6, and IL-8 in blood and δ-ALA
and β2-microglobulin in urine. These are intended to be lung, bone, kidney and inflammation markers. The aluminum concentration in urine ranges from
0.62μmol/l to 3.99μmol/l and the mean concentration is 1.64μmol/l. Preclinical
findings are almost within reference values, except for a few data. There are no significant relationships between aluminum concentration and preclinical findings.
There is a report that the mean concentration of aluminum in a non-exposed population, who did not use antacid drugs, was 0.33μmol/l in urine and the upper reference limit for aluminum in a healthy, non-exposed population was estimated to
be 0.6μmol/l in urine. Our results showed much higher urinary aluminum concentration than that in non-exposed population. On the contrary, there is no significant difference between the urinary aluminum concentration and the preclinical

markers. Therefore, although the excretion of aluminum in urine increased in casting workers, it is demonstrated that aluminum is not harmful to humans, at least in
case that aluminum in urine is below 4μmol/l.
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PRESENCE OF AFLATOXIN B1 IN DIETS OF DAIRY
CATTLE AND AFLATOXIN M1 IN RAW MILK.

R. Ortiz-Martinez, A. Valdivia-Flores, M. DeLuna-Lopez, T. Quezada-Tristan
and A. Martinez-de Anda. Universidad Autonoma de Aguascalientes, Aguascalientes,
Mexico. Sponsor: G. Pallas-Guzman.
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STRAIN-DEPENDENT RESPONSES OF SUBACUTE
EXPOSURE TO TRICHLOROETHYLENE IN
MULTIPANEL STRAIN OF INBRED MOUSE MODEL.

Y. Ahn1, S. Lee1, H. Park1, J. Jeon2, D. Kim1, Y. Kho2 and S. Kim1. 1Seoul
National University, Seoul, Republic of Korea and 2Eulji University,
Sungnam/Kyeonggi, Republic of Korea.
Trichloroethylene (TCE), a useful industrial solvent and well-known environmental pollutant, is classified as “probably carcinogenic” in humans since chronic exposure to TCE can cause tumors at the liver and kidney in rodents and their metabolism are qualitatively similar to one in humans; however, there are many knowledge
gaps about the determining factors in susceptibility of health outcomes and carcinogenesis after exposure to TCE. The objective of the present study was to explore the different responses after the exposure to TCE for 4-week, and consequently to identify more susceptible strains. In order to do so, we determined those
TCE metabolites in the animal tissues, clinical chemistry, histopathological assay
and weight of target organs. TCE administration was performed with corn oil as vehicle by gavage to male mice of seven strains. Hepatocellular injury and nephrotoxicity were quantified by alanine transferase (ALT) and beta2-microglobuline (b2MG). The necrosis of solid tissues was observed in hematoxylin and eosin staining.
The cell proliferation and apoptosis in solid tissues were investigated by proliferating cell nuclear antigen staining and terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling assay. Considerable dose-dependent increase of TCE
metabolites in the serum were found in most of strains after TCE exposure for 4
weeks. Regarding the biological effect, we found significant increase in the ratio of
liver to body weight for 4 strains, and the ratio of kidney to body weight significantly increase in A/J strain (p<0.05). To the contrary there were neither significant
increase of ALT and b2-MG in most of strains, nor noticeable signs in the pathological examination for target organs. While confirmation are required by further
studies, our finding suggests that some clues in dose-response and mechanisms of
TCE-induced toxicity associated with metabolism and genetic factors that may define susceptibility and can provide useful information for TCE risk assessment in
humans.

2460

APPLICABILITY OF HIGH-THROUGHPUT ‘OMICS
TECHNOLOGIES IN EPIDEMIOLOGICAL STUDIES
USING BIOBANK SAMPLES.

T. M. de Kok1, D. Hebels1, H. Keun3, R. Vermeulen2, P. Georgiadis4 and S.
Kyrtopoulos4. 1Toxicogenomics, Maastricht University, Maastricht, Netherlands,
2IRAS, Utrecht University, Utrecht, Netherlands, 3Imperial College, London, United
Kingdom and 4National Hellenic Research Foundation, Athens, Greece. Sponsor: H.
van Loveren.
The combined use of more traditional biomarkers and the new ‘omics’ technologies
in human population studies, can prove to be a powerful tool for the discovery of a
new generation of biomarkers of exposure and/or effect that can help to elucidate
disease causation. However, the application of –omics technologies in epidemiological studies raises practical questions in relation to sample suitability, as many biological samples have been collected decades ago without anticipation of the demands of these techniques. In the context of the European FP7 project
EnviroGenomarkers ( www.envirogenomarkers.net), a range of –omics technologies is being applied for the analysis of human blood samples from two biobanks
(EPIC-Italy and the Swedish NSHDS). A validation study was conducted to identify minimum criteria for sample collection, for microarray-based transcriptomics,
CpG island methylation, LC-MS/MS based metabonomics and wide-target proteomics. Fresh blood samples from volunteers were used to evaluate the influence of
different anti-coagulants, bench times prior to processing, and storage temperatures
employed in the two participating biobanks. Application of a newly developed approach for the isolation of RNA demonstrated that RNA yield and quality were adequate for gene expression analysis. However, principle component analysis on
transcriptomics, proteomics and metabolomics data showed that samples with
longer bench times differed from samples directly processed and that a maximum
bench time of 4 to 8 hours is preferred. Furthermore, proteomics analysis showed
that the use of anticoagulants should be standardized as much as possible within the
cohorts, whereas for technical reasons EDTA should not be used for GC-MS.
Applying such selection criteria and validated analytical procedures applied in this
pilot study, we are able to obtain good quality omics data from biobank samples.

The demographic explosion has triggered a high food demand for human and animal populations, changing the traditional production systems into intensive production systems. This makes the massive production of grain and cereal to be stored
hastily, resulting in conditions that could favor fungi growth which might produce
mycotoxins. According to numerous reports, aflatoxin M1 (AFM1) is the most frequently detected aflatoxin in milk and dairy products in several countries. AFM1 is
a hydroxylated metabolite of aflatoxin B1 which is considered a powerful carcinogenic to humans (IARC, group 1). However, the possibility of AFM1 producing
cancer in humans is also considered (IARC, group 2B). AFM1 remains intact even
after boiling or pasteurization processes. The aim of our study was to assess
AFM1contamination in raw milk during the winter season. The milk and silage
samples were obtained from small dairy producers. Samples were analyzed for
AFM1 and AFB1 via ELISA and The ROSA® Aflatoxin (Quantitative) tests respectively. The results show that 27% of the milk samples had detectable levels of
AFM1 (> 5 ppt). In some cases, samples exceeded the AFM1 approved limit according to the Codex Alimentarius and Norma Oficial Mexicana. Moreover, all
milk samples positive to AFM1, came from cattle that fed on silage with AFB1 detectable levels. These results confirm that the source of AFM1 milk contamination
was the AFB1contaminated silage. Also, results suggest an early and unnoticed exposure to AFM1 which could affect public health, especially children.

2462

BLOOD MERCURY SPECIATION IN BRAZILIAN
RIPARIAN POPULATIONS.

J. L. Rodrigues1, 2, L. R. Blanc1, F. S. Moreira1, R. C. Martín-Doimeadios3, N.
R. Fariñas3, C. R. Alvarez3 and F. Barbosa2. 1ICET, UFVJM, Teófilo Otoni, Minas
Gerais, Brazil, 2FCFRP—USP, Ribeirão Preto, São Paulo, Brazil and 3UCLM,
Toledo, Toledo, Spain. Sponsor: D. Oliveira.
Mercury (Hg) is one of the most toxic environmental pollutants. It exists primarily
in three forms: elemental mercury (Hg0), or metallic mercury, inorganic mercury
(Hg-i), particularly mercuric chloride and organic mercury (Hg-o), mainly represented by methylmercury (MeHg) and ethylmercury (Et-Hg), and the organic
forms of mercury are more toxic than the inorganic ones. Then, it is very important
the development of simple and fast methods for Hg speciation (Hg-i, MeHg,
EtHg) in biological samples. Then, the aims of this work were to evaluate analytical
method for Hg speciation in blood by using LC coupled to ICP-MS and comparisonwith the use of GC coupled to ICP-MS. For the by using HPLC-ICP-MS the
extraction of Hg species was carried out with the use of ultrasonic energy. For the
speciation methodology with GC-ICP-MS the extraction was carried out with the
use of microwave-assisted extraction. Validation of the proposed methods were
evaluated based on the analysis of the SRM NIST 966 and ordinary blood samples
collected from Riparian living in the Brazilian Amazon exposed to mercury. The
proportion of Hg species (MeHg:Hg-i)in blood samples was 94:6 (MeHg 56.3μg
L-1, Hg-i 3.9μg L-1, Et-Hg no detected, n=26). The Hg species concentrations
confirm the Hg exposition route fromBrazilian Riparian populations(by eating
fishes which have high MeHg concentration). No statistical difference was observed
whenwere compared the obtained results of Hg speciesby using HPLC-ICP-MS
and GC-ICP-MS.
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ASSOCIATED FACTORS WITH MERCURY EXPOSURE
IN KOREAN ADULTS.

J. Park1, S. Eom2, B. Choi1, Y. Kim3, Y. Hong3, S. Sohn4, H. Kim2, K. Park5,
H. Pyo5, H. Kim6, S. Oh7, M. Ha8 and H. Kwon8. 1Preventive Medicine, ChungAng University, Seoul, Republic of Korea, 2Chungbuk National University, Cheongju,
Republic of Korea, 3Dong-A University, Busan, Republic of Korea, 4Chonnam
National University, Gwangju, Republic of Korea, 5Korea Institute of Science and
Technology, Seoul, Republic of Korea, 6Seoul National University, Seoul, Republic of
Korea, 7Kyung Hee University, Seoul, Republic of Korea and 8Dankook University,
Cheonan, Republic of Korea.
Mercury (Hg) is a non-essential toxic metal which is widely distributed in the environment. This study was performed to evaluate the factors associated with Hg exposure in Korean adults who have not been exposed to Hg occupationally.
Exposure to Hg was evaluated with total Hg concentration in blood. The study
subjects composed 1,024 healthy adult older than 19 years of age. We collected information about demographic characteristics, dietary habits, occupational history,
smoking habit, alcohol consumption, duration of residence, and medical history.
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We conducted medical examination for all subjects, and analyzed the concentrations of blood Hg for 987 subjects. The geometric mean of blood Hg was 4.35
ug/L, it was higher in old age, men, current or ex-smokers, drinkers, and low education than in young age, women, non-smokers, non-drinkers, and high education,
respectively. Individuals who consumed seafood within 3 days prior to blood collection showed a higher mean blood Hg level than those who did not. After covariate adjustment, age, gender, alcohol drinking, size of residence area, and seafood intake of within 3 days of sampling were statistically significant contributing factors
to the blood Hg. These findings suggest that blood Hg are associated with various
socio-demographic factors, lifestyles and diet habit such as fish consumption. The
results of this study could be useful as a fundamental data for the identification of a
possible high exposure group to Hg, risk assessment and risk communication with
them.

2464

THE BLOOD MERCURY CONCENTRATION AND THE
PROPORTION OF TOTAL/METHYLMERCURY AND
RELATED FACTORS IN KOREAN ADULTS.

Y. S. Hong1, B. G. Kim1, C. H. You1, E. M. Jo1, G. Y. Kim1, B. C. Yu2 and D.
S. Kim3. 1Preventive Medicine, Dong-A University, Busan, Republic of Korea,
2Preventive Medicine, Kosin University, Busan, Republic of Korea and
3Environmental Epidemiology, National Institute of Environmental Research, Incheon,
Republic of Korea. Sponsor: J. Jung.
The purpose of this study is to evaluate the relationship between the fish consumption and the blood methylmercury/total mercury concentration in Korean adults
by measuring the methylmercury concentration in blood, directly. The study population consisted of 400 adults aged 20 or older from 30 subareas in Busan, Ulsan
and Gyeongsangnam-do in Korea from August to October, 2010. We recruited the
allocations by regions and selected the samples stratified by sex (male and female)
and age groups (20s, 30s, 40s, 50s, and 60s). The geometric means of the total mercury and methylmercuryconcentration in blood were 5.27ug/L and 4.06ug/L. The
proportion ofmethylmercury/ total mercury is 78.53 %. The methylmercuryconcentrationin coastal areas (4.26ug/L) washigher than thatin inland areas (3.52
ug/L).The methylmercuryconcentration in males (4.68ug/L) was significantly
higher than that in females (3.52ug/L) andthe proportion of methylmercury/ total
mercury in maleshad the increasing trends with the rises oftotal mercury level in
blood, significantly. Multiple regression analysis showed that the blood methylmercurylevel was associatedwith fish consumption (p =0.009) and drinkingstatus(p =
0.002), but the proportion of methylmercury/ total mercury hadno significant variables.It was first report about the relationship between the blood total / methylmercury concentration and related factors in Korea. Our findings suggested that
fish consumption, as well as gender differenceand alcohol consumption affect
themethylmercury level. Yet, the mechanism of pathology has not been clarified.
Thus, Additional studies are needed forexplainingthe biological and lifestyle differences in the risk of mercury.
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EFFECT OF MERCURY ON CYTOCHROME P4501A1,
1A2, AND 1B1 IN C57BL/6 MICE AT DIFFERENT
EXTRAHEPATIC TISSUES.

I. Amara, A. Anwar-Mohamed, G. Abdelhamid and A. O. El-Kadi. Faculty of
Pharmacy and Pharmaceutical Sciences,, Edmonton, AB, Canada.
We have previously demonstrated that Hg2+ induces the constitutive and inducible
expression of Cyp1a1 in murine hepatoma Hepa1c1c7 at the mRNA, protein, and
catalytic activity levels. However, our efforts and along with other published studies
were mainly conducted at the in vitro level and were mainly concerned with hepatic
effects of Hg2+. Thus, the objective of the current study was to investigate the effect of Hg2+ in the absence and presence of 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) on the AhR-regulated cytochrome P450 (Cyp) genes in the kidney, lung
and heart in C57Bl/6 mice. For this purpose C57Bl/6 mice were treated with a single intraperitoneal injection of Hg2+ (2.5 mg/kg) in the absence and presence of
TCDD (15μg/kg). Our results demonstrate that, at the mRNA levels, Hg2+ alone
significantly induced the constitutive expression of Cyp1a1 mRNA in the lung and
heart but not in the kidney. Hg2+ alone was also able to induce the Cyp1a2 and
Cyp1b1 mRNA in both kidney and heart whereas; it decreased their expression in
the lung. Interestingly Hg2+ decreased the TCDD-mediated induction of Cyp1a1
and Cyp1b1 in the kidney while it decreased Cyp1a2 in the lung. At the protein
levels, Hg2+ significantly increased the constitutive Cyp1a and Cyp1b1 proteins.
However, Hg2+ decreased the TCDD-mediated induction of both enzymes in the
kidney, while potentiating their levels in the lung. At the catalytic activity levels,
Hg2+ alone significantly induced the Cyp1a1 and cyp1a2 activities in the kidney
while inhibited the Cyp1a1 in the lung. On the contrary, Hg2+ inhibited the
TCDD-mediated induction of both enzymes in the kidney. These results demonstrate that Hg2+ modulates the constitutive and inducible AhR-regulated Cyp
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genes in a tissue- and Cyp-specific manner. Furthermore, our results indicate more
complex regulation of these genes at the in vivo level that warrants further investigation. Supported by NSERC Discovery Grant RGPIN #250139-07.

2466

INCREASED EXPRESSION OF AQUAPORIN-4 BY
METHYLMERCURY IN THE BRAIN OF THE COMMON
MARMOSET.

M. Yamamoto1, M. Sasaki1, M. Takeya2, Y. Kawasaki3, M. Shiraishi3, S.
Shiraishi4, Y. Uezono4 and K. Eto5. 1Department of Basic Medical Sciences,
National Institute for Minamata Disease, Minamata, Japan, 2Kumamoto University,
Kumamoto, Japan, 3Kagoshima University, Kagoshima, Japan, 4National Cancer
Center Research Institute, Tokyo, Japan and 5Jushindai, Tamana, Japan.
In an acute model of methylmercury (MeHg) exposure using common marmosets,
the gene expression of aquaporin (AQP)1, AQP4 and AQP11 was examined to understand the relationship between MeHg exposure and AQP expression in the
brain. MeHg (1.5 mg Hg/kg body weight/day; p.o.) was given to three marmosets
for 14 days, followed by no administration for 14 days. All marmosets in the
MeHg-administered group showed slight akinesia immediately before sacrifice. In
the frontal lobe, occipital lobe, and cerebellum, the mean total mercury concentration in the MeHg-administrated group was 26.7, 31.4, and 22.6 μg/g, respectively.
Slight apoptosis was observed in the occipital lobe of the MeHg-administrated
group. Glial fibrillary acidic protein (GFAP) expression increased in the brains of
the MeHg-administrated group measured by immunohistochemistry (IHC) and
mRNA expression, and the highest activation of GFAP was observed in the occipital lobe. IHC revealed the increase of Iba1 expression in the occipital lobe of the
MeHg-administrated group, indicating microglial activation by MeHg.
Quantitative real-time RT-PCR analysis showed up-regulation of the AQP4
mRNA in the sampled areas of the frontal lobe, occipital lobe, and cerebellum of
MeHg-treated group. The AQP4 protein expression of marmosets using western
blot analysis in the occipital lobe and the cerebellum of the MeHg-administrated
group increased significantly, but no obvious up-regulation of AQP4 was observed
in the frontal lobe. A significant difference in the expression of AQP1 and AQP11
in the frontal lobe, occipital lobe, and cerebellum was not observed between control
and MeHg-administrated groups. From these results, AQP4 expression in occipital
lobe and cerebellum was stimulated by MeHg-exposure, and it would be correlated
with increase of activated astrocytes.

2467

DIFFERENCES IN METHYLMERCURY-INDUCED
DOPAMINERGIC NEUROTOXICITY IN WILDTYPE,
SKN-1 KO, AND MUTANT PARKIN CAENORHABDITIS
ELEGANS.

E. Martinez-Finley and M. Aschner. Division of Pediatric Toxicology and Center in
Molecular Toxicology, Vanderbilt University Medical Center, Nashville, TN.
Mercury is a persistent environmental contaminant that exerts its toxic effects on
the nervous system through molecular mechanisms that remain unknown.
Epidemiological studies have pointed to the contribution of methylmercury
(MeHg) to dopamine neuron vulnerability and the predisposition to Parkinson’s
disease (PD). Nrf2, a phase II antioxidant transcription factor, has been shown to
be involved in MeHg neurotoxicity. Overexpression of Nrf2 inhibits MeHg-mediated cell death and deficits in Nrf2 leave cells vulnerable to MeHg. We hypothesize
that skn-1, the Caenorhabditis elegans (C. elegans) orthologue of mammalian Nrf2,
is an important factor in MeHg-induced dopaminergic neurodegeneration.
Additionally, we tested the vulnerability of nematodes with mutant parkin, a juvenile onset PD gene, to MeHg to delineate the contribution of MeHg to PD. We
knocked down skn-1 (skn-1 KO) in C. elegans and exposed N2 (control), skn-1
KO, and parkin mutant worms to 0, 10, 20 and 30μM MeHgCl for 30 minutes
following synchronization. Our data suggest that skn-1KO (LD50=17μM) and
parkin mutant worms (LD50=15μM) are more sensitive to MeHg than controls
(LD50=24μM). Dopaminergic neuronal morphology was observed via fluorescent
analysis. Presence of puncta was observed at 20μM MeHg. Decreased longevity was
observed at high doses in all strains. The amount of MeHg, as measured by ICPMS, correlated with expression of aat-1 and aat-2 (C. elegans LAT1 homologues)
transporters and was significantly different across strains. Transcripts of skn-1 and
GST-4 were elevated in the N2 and parkin mutant strains following exposure and
reactive oxygen species were produced at the 20μM dose in all strains. Dopamine
content, measured via HPLC, was not significantly different between strains at the
20μM dose immediately following treatment but strain differences were apparent
48hrs post treatment. Our data suggest that genetic background is an important determinant of mechanism of toxicity. ES R01 07331.

2468

DNA MICROARRAY ANALYSIS OF GENE EXPRESSION
PROFILING IN THE CEREBELLUM OF MICE TREATED
WITH METHYLMERCURY.

J. Lee1, 2, G. Hwang1, M. Satoh2 and A. Naganuma1. 1Graduate School of
Pharmaceutical Sciences, Tohoku University, Sendai, Japan and 2School of Pharmacy,
Aichi Gakuin University, Nagoya, Japan.
Methylmercury is an environmental pollutant that causes central nervous system
disorders. However, the details of the mechanism underlying methylmercury toxicity are unclear. In order to elucidate the molecular mechanism involved in
methylmercury –induced disorder, we performed DNA microarray analysis of the
cerebellum of methylmercury-treated mice. Methylmercury chloride was administered subcutaneously to male C57BL/6 mice at 10 mg/kg/day for 7 consecutive
days, and cerebellum was excised 24 hr after the last injection for DNA microarray
analysis. The expression levels of 21 genes increased two-fold or more in response to
methylmercury. The genes with methylmercury-induced elevated expression levels
included many genes encoding proteins involved in inflammatory reactions, including those encoding the chemokines CCL2, CCL4, CCL7, CCL9 and CCL12.
We next examined effects of methylmercury on expressions of CCL2, CCL4,
CCL7, CCL9 and CCL12 in various organs of methylmercury-treated mouse by
using the quantitative PCR. Not only in cerebellum but also in cerebrum, expression levels of CCL2, CCL4, CCL7, CCL9 and CCL12 were increased significantly
by methylmercury treatment. In kidney of methylmercury-treated mouse, expression levels of four chemokines except CCL4 were markedly increased compare to
control group. However, in liver and spleen, expression levels of CCL2, CCL4,
CCL7, CCL9 and CCL12 were not changed by methylmercury treatment.
Therefore, methylmercury is thought to enhance expressions of some chemokines
in the brain and the kidney in mouse. However, expression of CCL4 might be increased by methylmercury specifically in the brain. These results indicate that
CCL4 might be a specific target protein responsive to methylmercury in the brain.

2469

INACTIVATION OF METHYLMERCURY BY
HYDROGEN SULFIDE PRODUCING ENZYME IN
MAMMALIAN CELLS.

E. Yoshida, T. Takashi, Y. Shinkai and Y. Kumagai. Graduate School of
Comprehensive Human Sciences, University of Tsukuba, Tsukuba, Japan.
Methylmercury (MeHg) is an environmental electrophile that can be covalently
bound to protein sulfhydryls to form protein–MeHg complexes. These covalent
modifications, referred as “S-mercuration”, are associated with disruption of enzyme function and neurotoxicity. Some of MeHg unbound and/or proteins modified by MeHg undergo interaction with deprotonated glutathione (GSH) to yield
its GSH adducts that are rapidly excreted into extracellular space through MRP
transporters. On the other hand, hydrogen sulfide (H2S) is a gaseous, weakly acidic
molecule mainly produced by cystathionine β-synthase (CBS) and cystathionine γlyase (CSE) in cells. Most interestingly, H2S is extensively dissociated into a nucleophile HS- because of its pKa value = 6.76 while pKa value of GSH is 8.66, implying that most of GSH exists as its protonated form at physiological conditions.
However, role of H2S in chemical modification of cellular proteins and cytotoxicity
during exposure to MeHg is poorly understood. We examined the contribution of
H2S derived from CBS to cellular protection against MeHg. Pretreatment with
NaHS or overexpression of CBS reduced MeHg cytotoxicity, whereas transfection
with CBS small interfering RNA enhanced MeHg toxicity in human neuroblastoma SH-SY5Y cells. Bismethylmercury sulfide ((MeHg)2S), formed during the reaction of MeHg with H2S, was identified as a metabolite of MeHg in SH-SY5Y
cells exposed to MeHg and in the livers of rats treated with MeHg. (MeHg)2S had
little chemical protein modification capability and little cytotoxicity compared with
MeHg in vitro and in vivo. Based on these results, we propose a novel detoxification
pathway of MeHg catalyzed by cellular enzyme to generate H2S.

2470

CHRONIC EXPOSURE TO HEXAVALENT CHROMIUM
INDUCES CHROMOSOME INSTABILITY IN PRIMARY
HUMAN UROTHELIAL CELLS.

J. M. McKay1, 2, 3, A. L. Holmes1, 2, 3, C. Case4 and J. P. Wise, Sr.1, 2, 3. 1Wise
Laboratory of Environmental and Genetic Toxicology, University of Southern Maine,
Portland, ME, 2Maine Center for Toxicology and Environmental Health, University
of Southern Maine, Portland, ME, 3Department of Applied Medical Science,
University of Southern Maine, Portland, ME and 4Bristol Implant Research Centre,
Avon Orthopaedic Centre, Southmead Hospital, Bristol, United Kingdom.
Orthopedic implants are widely used for the treatment of osteoarthritis. Many implants are made from cobalt-chromium (CoCr) alloy that release Co ions, Cr(III)
and Cr(VI) ions and CoCr nanoparticles into the body as a result of implant wear.

Clinical studies show that patients with CoCr implants have higher levels of Co
and Cr ions in their blood and urine up to 3 years post-surgery and recent studies
indicate that CoCr implant patients exhibit a higher incidence of bladder cancer.
However, the potential carcinogenic effects of cobalt and chromium in bladder cells
remain unknown. Cr(VI) is well known human lung carcinogen and its mechanism
involves the generation of aneuploid cells. Consistent with this mechanism, clinical
studies show that exfoliated urine cells in CoCr implant patients exhibit high levels
of aneuploidy. The purpose of this study is to investigate the effects of Cr and Co
on chromosome stability in primary human urothelial cells. We found that chronic
exposure to Cr(VI) induced aneuploidy in human urothelial cells. Exposure to 5
uM Cr(VI) for 120 h induced aneuploidy in 38% of metaphases with 23% hypodiploid metaphases, 6% hyperdiploid metaphases and 9% tetraploid metaphases.
Chronic exposure to Cr(VI) also induced genotoxicity with 5 uM Cr(VI) for 120 h
inducing 15% metaphases with damage and 17 total aberrations in 100
metaphases. These data suggest that Cr(VI)-induced genotoxicity and aneuploidy
may be involved in the increased risk of bladder cancer in patients with CoCr orthopedic implants. Future work is aimed at investigating the effects of Co alone and
Co and Cr together in human urothelial cells. This work is supported by NIEHS
grant ES016893 (J.P.W.) and ARO grant # 911NF-09-1-0296 (J.P.W.)

2471

INVESTIGATING ROLES FOR DNA POLYMERASE η IN
PROTECTING AGAINST CR(VI)-INDUCED
MUTATIONS AND TELOMERE ABERRATIONS.

H. C. Pope-Varsalona1, F. Liu1, C. Murphy1, H. Wang2 and P. L. Opresko1.
1Environmental and Occupational Health, University of Pittsburgh, Pittsburgh, PA
and 2Department of Pharmacology and Chemical Biology, University of Pittsburgh,
Pittsburgh, PA.
Chronic inhalation of hexavalent chromium (Cr(VI)) contributes to pulmonary
diseases onset and cancers via formation of DNA-Cr(VI) adducts. DNA polymerase η (polη), bypasses specific DNA lesions in an error-free manner via translation synthesis (TLS); a DNA damage tolerance mechanism. O’Brien et al. (2009)
showed that polη mediated TLS protects against Cr(VI) induced mutations in S.
cerevisiae. We observed previously that Cr(VI) exposure induces replication associated DNA damage, and telomere loss and aberrations in human cells. We hypothesized that polη is involved in synthesizing DNA past DNA-Cr(VI) adducts to prevent Cr(VI)-induced mutations and blocks to telomere replication. Telomere
damage was visualized by immunofluorescence fluorescent in situ hybridization
(IF-FISH) and quantitative FISH (qFISH). We tested for polη localization to
telomeric DNA and phosphorylated histone H2AX (γH2AX, a marker for DNA
damage) after Cr(VI) exposure. We observed that 4μM Cr(VI) exposure induced a
4.5 fold increase in the average number of foci per cell showing polη foci formation
in U20S cells and an eight fold increase in triple co-localization of polη, γH2AX,
and telomere foci per cell. EGFP-polη transfected primary lung fibroblasts showed
a shift from an average of 0 to 5.8 polη foci per cell after 4μM Cr(VI) exposure.
Our data indicate that polη responds to Cr(VI) exposures and localizes to sites of
Cr(VI) induced DNA damage in genomic and telomeric regions. To define the
roles for polη in protecting against Cr(VI) induced telomere aberrations and dysfunction we are analyzing telomeres by qFISH from Cr(VI) exposed cells proficient
and deficient for polη. To test for polη roles in protecting against Cr(VI) induced
mutations we are using the supF shuttle vector mutagenesis assay. Our data indicate
that Cr(VI) activates TLS mechanisms through polη which suggests a role for polη
in protecting telomeres from replication stress.

2472

ELUCIDATING THE ROLE OF Nek2A IN ZINC
CHROMATE-INDUCED CENTROSOME
AMPLIFICATION AND ANEUPLOIDY IN HUMAN
LUNG FIBROBLASTS.

R. T. Duffy1, 2, A. L. Holmes1, 2, 3 and J. P. Wise, Sr.1, 2, 3. 1Wise Laboratory of
Environmental and Genetic Toxicology, University of Southern Maine, Portland, ME,
2Maine Center for Toxicology and Environmental Health, University of Southern
Maine, Portland, ME and 3Department of Applied Medical Science, University of
Southern Maine, Portland, ME.
Hexavalent chromium is a well documented human lung carcinogen. Zinc chromate, a particulate hexavalent chromium compound, is an industrial chemical used
for electroplating, welding, corrosion resistance, tanning, and dye making.
Previously, we showed that zinc chromate induces centrosome amplification, G2
arrest and aneuploidy in human lung fibroblast cells. Nek2A is a centrosomal protein kinase which functions to regulate the transition from G2 to M phase and
stimulate centrosome separation. Studies show that decreased expression of Nek2A,
or the expression of kinase-dead Nek2A can induce numerical centrosomal and
centriolar abnormalities, a G2 arrest, and aneuploidy in several cell types. Here, we
examined whether Nek2A expression and localization are affected by zinc chromate
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exposure. Human lung fibroblast cells were exposed to concentrations of zinc chromate ranging from 0.1-0.2 ug/cm2 for an exposure of 24-120 h. Western blots were
conducted on whole cell lysates from the exposed cells. Zinc chromate was found to
decrease Nek2A expression after 24-120 h. Interphase cells were examined for Nek2
localization to the centrosomes after a 24-120 h zinc chromate exposure. Nek2 localization decreased in a concentration and time-dependent manner after 120 but
not 24 h zinc chromate exposure. Future work is aimed at using GFP-Nek2A cell
lines and time lapse video microscopy to examine the localization of Nek2A in real
time. This work was supported by NIEHS grant ES016893 (J.P.W.).

2473

ACUTE INHALATION TOXICITY STUDIES WITH
VANADIUM TRIOXIDE (V2O3), VANADIUM
TETROXIDE (V2O4), VANADIUM PENTOXIDE (V2O5)
AND VANADYL SULFATE (VOSO4).

A. I. Nikiforov1, D. Sullivan2, N. Rajendran2, S. C. Hu2, L. C. Fisher1 and J. A.
MacGregor3. 1Toxicology Regulatory Services, Charlottesville, VA, 2IIT Research
Institute, Chicago, IL and 3Toxicology Consulting Services, Arnold, MD.
Vanadium compounds are used in industrial applications including production of
high-strength steel and catalysts. Vanadium can exist in many different oxidation
states with (0), (+2), (+3), (+4) and (+5) being the most common. Vanadium compounds also vary widely in their reactivity and solubility in water and simulated
lung fluid. A series of 4-hour acute nose-only inhalation toxicity studies were conducted in mice and rats as first steps to fulfill toxicity data gaps for selected vanadium compounds. Three vanadium compounds (powders) of various valance states
(V2O3, V2O4, and V2O5) and one aqueous liquid vanadium compound
(VOSO4) were tested. Groups of male and female animals (rats and mice) were sequentially exposed to a series of aerosol (MMAD 1.81 to 2.77 μm) concentrations
beginning at 2.0 mg/L, followed by 1.0, 0.5 and/or 0.05 mg/L, based on mortality
results of preceding exposures. Body weights were obtained periodically and all animals were observed for mortality and signs of toxicity during the exposure and
throughout the 14-day post-exposure observation period. All animals were subjected to a necropsy. The lung was the target organ for all vanadium compounds
tested. In addition, this series of acute studies established the relationship between
vanadium valence state and acute inhalation toxicity in male and female rats and
mice; higher valence states were more acutely toxic. Although repeated-inhalation
exposure data are available for V2O5, such data are lacking for lower valence vanadium compounds. Future studies will focus on developing repeated-exposure inhalation data for lower-valence compounds (e.g. V2O3).

2474

ESTROGENS AVERT MICRONUCLEI FORMATION IN
FEMALE MICE EXPOSED TO VANADIUM
INHALATION.

T. I. Fortoul1, M. Rojas-Lemus1, P. Bizarro-Nevares1, L. Colin-Barenque2 and
M. Altamirano-Lozano3. 1Biologia Celular y Tisular, UNAM, Mexico City, Mexico,
2Laboratorio de Neuromorfologia, FES Iztacala, UNAM, Estado de Mexico, Mexico
and 3Laboratorio de Citogenética, Mutagénesis y Toxicología Reproductiva, FES
Zaragoza, UNAM, Mexico City, Mexico.
Vanadium is a trace metal adsorbed to Particulate Mater (PM), that has been regarded as genotoxic. Previous results had supported a different susceptibility for
genotoxic damage associated with sex, with higher risk reported for males. It has
been suggested that estrogens are the cause for this difference, because of its antioxidant and anti-inflammatory actions.
The aim of this study was to analyze the estrogens’ protective effect against genotoxic damage after vanadium inhalation in 21 days old female CD-1 mouse.
Mice were exposed to [0.2M] inhaled vanadium, twice a week for a 4-week period.
One group received po, Anastrozol 16.66 μg/kg/day (a potent aromatase inhibitor);
a second group ingested ascorbic acid 250 mg/day. Blood samples were drained at
0,24h and latter on every 7th day. Samples were processed for micronucleus (MN)
assay in slide cover with Acridine orange. Results demonstrated a significant increase in micronuclei frequency in the vanadium-Anastrozol group, compared with
controls and only-vanadium exposure; the ascorbic acid-vanadium group exhibited
a notably decrease in micronuclei quantification. Our results support the protective
effect of estrogens in female mice, since only-vanadium exposed group had a lesser
MN count compared with the Anastrozol’s; in addition we confirmed that the
vanadium genotoxicity was a consequence of the oxidative stress generated by the
metal, inhibited by ascorbic acid administration.
Further studies should be done in order to obtain more detailed information about
the biologic effects of female sexual hormones besides reproduction.
First author is supported with a CONACyT scholarship (#207165). Authors
thank the Posgrado de Ciencias Biológicas, UNAM for their support.
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AN INVESTIGATION INTO THE CARCINOGENICITY
OF SODIUM METAVANADATE IN HUMAN
BRONCHIAL EPITHELIAL CELLS.

L. Passantino, X. Zhou and M. Costa. Environmental Medicine, New York
University, Tuxedo, NY.
Pentavalent vanadium compounds have effects in-vitro that are characteristic of
carcinogenic substances, including the alteration of transcription factor levels, promotion of oxidative stress, inflammation, DNA damage, stimulation of mitogenic
signals, and suppression of apoptosis. There is no solid evidence that pentavalent
vanadium compounds cause cancer in humans, and vanadium pentoxide was categorized as a group 2B possible human carcinogen by IARC in 2002 after long-term
inhalation studies in rodents. The goal of this study is to investigate the carcinogenicity of sodium metavanadate in the human immortalized normal bronchial epithelial cell line Beas-2B. Cells that were chronically exposed to 1 μM - 10 μM
vanadate for 4 weeks were tested for anchorage-independent growth with the soft
agar colony formation assay. A dose-dependent increase in the number of colonies
was observed, and the 10 μM vanadate exposed cells formed 7-fold more colonies
than control cells did in soft agar. The scratch test revealed that vanadate-transformed cells could repair the wound faster than untransformed cells. An Affymetrix
gene expression microarray of the clones isolated from soft agar showed that 260
genes were upregulated and 214 genes were downregulated by at least 2-fold in the
vanadate-transformed clones compared to untransformed clones, and a subset of
these changes were validated by RT-PCR. Data on global histone modification levels collected from A549 human lung carcinoma cell suggests that these gene expression changes may occur by epigenetic mechanisms. Acute exposure of A549 cells to
10 μM vanadate was found to increase H3K4me3 and H3K9me2, and decrease
acetylation of H3K9. The data from this study implies that chronic exposure to
vanadate causes transformation of cells with characteristics of anchorage independent growth, improved migration ability, and altered gene expression.
This work was supported by grant numbers ES000260, ES010344, ES014454,
ES005512, ES007324-12 from the NIEHS, and CA16087 from NCI.
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SELENIUM AND TELLURIUM COMPOUNDS CAUSE
INHIBITION OF MITOCHONDRIAL COMPLEX I AND
II IN RAT HIPPOCAMPAL ASTROCYTES.

S. Roy and D. Hardej. Department of Pharmaceutical Sciences, St. John’s University,
Jamaica, NY.
Selenium (Se) and Tellurium (Te) are being used in increasing amounts in industry
and agriculture. While Se is an essential trace element for selenium dependent enzymes, Te has not been found to have any physiologic role in human beings. Past research has reported that an excess of selenium can be neurotoxic. Previous work in
our laboratory has demonstrated that Te compounds, diphenyl ditelluride (DPDT)
and tellurium tetrachloride (TeCl4) cause cytotoxicity in rat hippocampal astrocytes. The purpose of the present study was to evaluate the toxic effects of diphenyl
diselenide (DPDSe) and selenium tetrachloride (SeCl4), in astrocytes and to assess
the status of mitochondrial respiration in cells treated with Se and Te compounds.
Astrocytes were treated with DPDSe at concentrations ranging from 0.24 to 125
μM and with SeCl4 at concentrations ranging from 0.24 to 250 μM. Significant
decreases in cell viability were observed in concentrations of 0.9 to 125 μM of
DPDSe and in concentrations ranging from 1.9 to 250 μM with SeCl4. The LC50s
of both compounds was found to be 7.8 μM. The LC50s of DPDT and TeCl4 have
previously been documented to be 62.5 μM. Caspase activities were assessed upon
exposure to Se compounds. Significant increases in caspase 8 activity were observed
at the 7.8 μM and 15.625 μM concentrations with both Se compounds.
Significant increases in caspase 9 activity were observed at the 62.5 and 125 μM
TeCl4 concentrations and significant decreases in caspase 9 activity were observed
in cells treated with the same concentrations of DPDT. The activities of complexes
I and II of the mitochondrial respiratory chain were assessed with an ELISA assay.
Significant decreases in activities of complex I (NADH Dehydrogenase) and complex II (succinate dehydrogenase) were observed at concentrations of 7.8 μM and
15.625 μM for Se compounds and 62.5 and 125 μM for Te compounds. These results suggest that Se and Te compounds cause apoptosis in astrocytes and inhibition
of mitochondrial complex I and II.

2477

APOPTOSIS INDUCTION AND ANTIOXIDANT LEVELS
IN TELLURIUM-TREATED TRANSFORMED AND
NONTRANSFORMED HUMAN COLON CELLS.

P. Vij and D. Hardej. Department of Pharmaceutical Sciences, St. John’s University,
Jamaica, NY.
Tellurium (Te) is a metalloid, with no known physiologic role in humans. However,
its increased use suggests greater human environmental exposure. The neurotoxicity
of Te compounds has been documented but few studies have investigated the effects

of Te compounds on gastrointestinal cells. The purpose of this study was to evaluate the toxicity of tellurium tetrachloride (TeCl4) and diphenyl ditelluride (DPDT)
in transformed and non-transformed human colon cells. Viability was assessed by
MTT and bioluminescent-based assays. Phase contrast and scanning electron microscopy were performed to observe morphologic changes consistent with toxicity.
In order to investigate the mechanism of cell death, fluorescent microscopy and caspase 3/7 and 9 activity were assessed in the HT-29 and CCD-18Co cells using concentrations ranging from 125μM to 1mM for each compound. Fluorescent microscopy was done using labeled Annexin V and Ethidium homodimer III, which
confirmed apoptosis with all DPDT exposures and oncosis with all TeCl4 exposures
in HT-29 cells. Significant increases in caspase 3/7 and 9 activity were observed in
DPDT concentrations of 500μM and 1mM in HT-29 cells and in the 1mM concentration in CCD-18Co cells, indicating cell death by the intrinsic apoptotic
pathway. No significant increases in caspases were observed in either cell line
treated with TeCl4 at all concentrations. GSH/GSSG assays were performed on
both cell lines at concentrations ranging from 62.5μM to 1mM for both compounds. Significant decreases in the GSH/GSSG ratio were observed in all concentrations with DPDT and TeCl4 treated HT-29 cells. Significant decreases in the
GSH/GSSG ratio was observed in CCD-18Co cells with 1mM DPDT treatment
and from 250μM to 1mM cells with TeCl4 treatment when compared to the control group, suggesting the involvement of oxidative stress. It was concluded that
DPDT treatment resulted in apoptosis and TeCl4 resulted in oncosis in both cell
types. Reduction in GSH/GSSG ratios suggests that oxidative mechanisms are involved in Te toxicity.

2478

POTENTIAL ROLE OF STEM CELLS IN CADMIUMINDUCED ONCOGENIC TRANSFORMATION OF
HUMAN LUNG CELLS.

R. J. Person, E. J. Tokar and M. P. Waalkes. National Toxicology Program
Laboratory, DNTP, NIEHS, Research Triangle Park, NC.
Cadmium (Cd) is a lung carcinogen in both humans and rodents. In this study, we
attempt to develop an in vitro model of Cd-induced lung carcinogenesis in order to
help further define molecular mechanisms of Cd carcinogenesis. Here we provide
evidence that chronic Cd exposure induces an acquired cancer phenotype in human
lung epithelial cells and in particular, in putative stem cells (SCs). The human peripheral lung cell line, HPL-1D, an immortalized, non-tumorigenic epithelial cell
line was used. The total HPL-1D cell population was first exposed to a non-toxic
level (5 μM) of Cd to see when signs of acquired malignant phenotype would develop. Matrix metalloproteinase-2 (MMP-2) activity, colony formation in soft agar,
invasion and expression of lung cancer relevant genes were used to assess oncogenic
phenotype. By 20 weeks of Cd exposure secreted MMP-2 increased to 358% of
control in the total cell population, levels considered indicative of cancer phenotype. Moreover, after 20 weeks of Cd exposure, cell invasion increased by more than
3-fold in total cells compared to passage-matched controls while colony formation
similarly increased with Cd exposure. After 20 weeks of Cd, levels of the tumor
suppressor gene p16 were reduced to about half of control at protein and the transcript levels. Loss of p16 expression is typical in human lung cancer. CD44 positive
putative cancer SCs (CSCs) were enriched from the total population by the magnetic bead technique at a time point after these indications of a cancer phenotype
had occurred. CD44 is a lung CSC surface marker associated with various lung
tumor types. CD44 positive putative CSCs isolated after 20 weeks of Cd exposure
showed highly elevated levels of MMP-2 transcript (348% of control), secreted
MMP-2 activity (256%) and markedly increased expression of SC markers such as
SOX2, K18, EGFR and NOTCH-1. In summary, it appears Cd has altered lung SCs
toward an oncogenic phenotype during carcinogenic transformation of lung epithelial cells.

2479

CADMIUM TRANSPORT IN A MODEL OF NEONATAL
INTESTINAL CELLS IS CORRELATED WITH MRP1
AND NOT WITH DMT1 AND FPN1.

J. Tallkvist, H. Öhrvik and A. Oskarsson. Biomedical Sciences and Veterinary
Public Health, Swedish University of Agricultural Sciences, Uppsala, Sweden.
Newborns have a higher gastrointestinal uptake of cadmium than adults. In adults,
the iron transporters DMT1 and FPN1 are involved in the intestinal absorption of
cadmium. In neonates, the transporters responsible for cadmium absorption are
not identified and the mechanistic understanding of the age-dependent differences
in cadmium absorption is lacking. We have investigated possible cadmium transporters in the neonatal intestine by applying a model of immature human intestinal
epithelial Caco-2 cells. To mimic the continuous cadmium exposure via diet in
neonates Caco-2 cells were allowed to differentiate for 7 days in cell culture
medium supplemented with 1 μM CdCl2. Cadmium pretreatment caused a drastic

upregulation of the MT1 gene expression, indicating a high sensitivity of the immature cells to cadmium. Cadmium pretreatment did not affect the passive diffusion of mannitol or the transepithelial electrical resistance. The basolateral efflux of
a tracer dose of 109Cd was increased by cadmium pretreatment. The augmented
transport of cadmium was correlated to an upregulation of MRP1 gene expression
and increased activity of the efflux protein MRP1. No effects were observed on
gene expression of the efflux proteins MRP2 and Pgp or the iron transporters
DMT1 and FPN1. Neither were the cellular localizations of DMT1, DMT1-IRE
and FPN1 affected by cadmium pretreatment, indicating that the increased cadmium transport is not mediated by these iron transporters. In conclusion, our data
demonstrate that continuous cadmium exposure increases the absorption of the
metal in immature intestinal cells and that MRP1 conceivably is involved in the intestinal cadmium absorption in neonates.
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CADMIUM APPEARS TO INITIALLY KILL THEN
SELECT FOR STEM CELLS IN A HUMAN PANCREATIC
EPITHELIAL CELL LINE.

W. Qu, A. K. Chin and M. P. Waalkes. National Toxicology Program Laboratory,
DNTP, NIEHS, Research Triangle Park, NC.
Cadmium (Cd) has been potentially linked to human pancreatic cancer. Emerging
data indicates cancer stem cells (CSCs) may be critical to the carcinogenic process.
Our prior work suggests Cd produces CSC-like cells in human pancreatic ductal
epithelial (HPDE) cells during oncogenic transformation, and in a prostate cell line
Cd exposure initially targets stem cells (SCs) early in exposure, causing SC-specific
cytolethality prior to recovery with transformation and CSC production. Thus, we
determined if acute Cd induces a similar loss and rebound of pancreatic SCs using
isolated non-adherent pancreaspheres (NAPS), which are enriched in SCs. NAPS
were produced from normal HPDE cells using a low adherence culture system and
compared with adherent cells (ACs) containing the normal array of pancreatic epithelial cells. The initial lethal concentration of Cd in 50% of the cells (LC50) was
30.5 μM in ACs and 13.5 μM in NAPS. After treatment with a non-cytotoxic level
of Cd (5 μM) for one week, the acute Cd LC50 increased to 149.0 μM in NAPS,
while the LC50 for Cd in ACs increased only to 49.4 μM. Thus, the SCs in NAPS,
although initially more sensitive, rapidly gain resistance to Cd. In this first week of
Cd exposure, NAPS showed an initial marked decrease in expression of SC markers
CXCR4, OCT4 and PSCA, which then rebounded above control, indicating SC
differentiation then, likely, aberrant de-differentiation back to stem-like cells (possibly CSCs). Expression of S100P, a marker for pancreatic cancer aggressiveness,
showed a similar trend. SC-enriched NAPS also secreted more matrix metalloproteinase-9, indicative of cancer phenotype, than ACs after this Cd treatment. Thus,
pancreatic SCs are initially sensitive to acute Cd, then rapidly gain resistance while
undergoing a differentiation and then de-differentiation that coincides with indications of acquired cancer phenotype. This initial toxic impact of Cd on pancreatic
SCs may act as “bottleneck” that could hasten the formation of CSCs.
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DIURNAL SUSCEPTIBILITY TO CADMIUM TOXICITY.

N. Miura1, Y. Yanagiba1, K. Ohtani1, M. Togawa2 and T. Hasegawa2. 1National
Institute of Occupational Safety and Health (JNIOSH), Kawasaki, Japan and
2Yamanashi Institute of Environmental Science, Yamanashi, Japan.
Diurnal susceptibility in drug sensitivity have often been demonstrated and known
as chronotherapy. However, such observations especially about heavy metals are still
scarce. We report the diurnal susceptibility to cadmium toxicity in mice. Male
C57BL/6J mice kept in cages on 8:00-20:00 L/D cycle were adapted for 14 days
with assigned to 6 groups of 5 animals. Mice (7 weeks old) were administrated intraperitoneally (i.p.) with cadmium chloride (CdCl2; 6.4 mg/kg) at 6 different
clock time (10:00, 14:00, 18:00, 22:00, 2:00 and 6:00 h), describing as zeitgeber
time (ZT); ZT2, ZT6, ZT10, ZT14, ZT18 and ZT22. In case of dark period
(ZT14, ZT18 and ZT22), administrations were performed under red light.
Mortalities were monitored until 14 days after the injection. Surprisingly, all mice
were dead at ZT2 injection; conversely, all mice were survived at ZT18 injection.
When mice were injected with Cd (4.5 mg/kg, non-lethal dose) at ZT6 or ZT18
and investigated the hepatotoxicity (plasma GPT values as an index) 24 hr after injection, the GPT value was markedly elevated at ZT6 injection while not any
changed at ZT18 injection. This clear distinction was also observed at other injection route; subcutaneous injection. The daily fluctuation of hepatic GSH and MT
levels were not significant, therefore other biological defense factor(s) may define
this susceptibility. A diurnal susceptibility to Cd clearly appears, thus it is necessary
to clarify the mechanism.
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CADMIUM DISRUPTS THE EXTRACELLULAR MATRIX
SECRETED BY HUMAN OSTEOSARCOMA SAOS-2
CELLS.

S. Wright, D. L. Filer, K. B. Quinney and S. J. Heggland. Biology, The College of
Idaho, Caldwell, ID.
Cadmium is a toxic metal that leaches into the environment, most notably through
the improper disposal of electronics. Bone is a target site for cadmium toxicity and
studies have linked low-level, chronic exposure to cadmium with the development
of osteoporosis and other bone diseases. Our lab works to elucidate the direct effects of cadmium in bone-forming osteoblasts. Osteoblasts secrete a bone matrix
primarily comprised of a calcium-phosphate crystalline and a collagenous protein
component. We hypothesize that cadmium exposure alters the nature of the extracellular matrix (ECM) produced by osteoblast-like Saos-2 cells. We induced cells to
mineralize using osteogenic media containing β-glycerophosphate and an ascorbic
acid derivative, and then treated with 1-10 μM CdCl2 for 3-10 days. The effects of
CdCl2 on calcium, phosphate, and collagen deposition, as well as collagen secretion in the ECM were assessed using Cresolphthalein Complexone Methodology,
von Kossa staining, and Sicrol Collagen assay, respectively. Phosphate deposition in
the ECM decreased in response to CdCl2 exposure for 5 or 7 days. Most notably,
exposure to 1 μM CdCl2 increased collagen(μg) deposited in the ECM, which corresponded to a decrease in the amount of collagen detected in the media. When expressed as a ratio of ECM to media collagen, we observed that CdCl2 increased the
ratio by nearly two-fold (control=0.87 compared to CdCl2=1.42 at 5-day exposure). Using a cadmium-specific Leadmium Green AM Dye, we have shown cells
uptake cadmium. Current studies are being conducted using the same dye to assess
cadmium deposition in the ECM. In addition, we are investigating potential binding interactions between cadmium and collagen. Collectively, these data suggest
that the uptake of cadmium disrupts the various components of the extracellular
matrix secreted by osteoblasts. Research funded by NIH-INBRE P20RR016454
and NIH R15ES015866 grants.
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T. Miyayama1, Y. Arai2 and S. Hirano1, 2. 1National Institute for Environmental
Studies, Tsukuba, Ibaraki, Japan and 2Graduate School of Pharmaceutical Sciences,
Chiba University, Chiba, Japan.
Silver (Ag) possessed well-known antibacterial effects and has been used for wound
dressing and deodorant powders. However, metabolic behavior and biological roles
of Ag have not been well characterized in mammals. In the present study we investigated uptake and intracellular distribution of Ag, induction of metallothionein
(MT), and generation of ROS following exposure to AgNO3 in human bronchial
epithelial cells (Beas-2B). The cells were exposed to 0, 0.05, 0.1, 0.5, 1.0, 5.0, 10,
50, and 100 μM AgNO3 for 0, 3, 6, 12 and 24 h and cytotoxicity was assayed with
a modified MTT method. The cell viability was decreased by AgNO3 in a dose-dependent manner and IC50 value of AgNO3 was calculated to be 2.5 μM.
Concentration of Ag in culture media decreased with time and reached a plateau at
12 h after Ag exposure. Concentration of Ag in the cytosolic fraction was increased
up to 3 h and then decreased, indicating that cytosolic Ag relocated to the insoluble
fraction of the cells. HPLC-ICP-MS was used to determine distribution of Ag in
the soluble fraction. The amount of Ag bound to MT in the soluble fraction was
sharply increased up to 3 h and the amount of Ag-MT was decreased thereafter.
The mRNA levels of major human MT isoforms, MT-IA and MT-IIA, paralleled
with the amount of Ag-MT. BES-H2O2 was used for ROS imaging in the cells.
This probe enables visualization of intracellular H2O2 distribution in live cells. The
fluorescence intensity derived from H2O2 seemed to be elevated only at 24 h. These
results suggest that the newly synthesized MTs inhibited the generation of ROS by
exposure to Ag and then ROS level was increased with degradation of Ag-MT and
relocalization of Ag from soluble to insoluble fraction or intracellular organelles.
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ROLES OF METALLOTHIONEIN AND GLUTATHIONE
IN PRO-ANTIOXIDANT EFFECT OF ZINC IN
CADMIUM-TREATED CULTURED CHOROID PLEXUS.

S. D. Francis Stuart, R. K. Young and A. R. Villalobos. Interdisciplinary Faculty of
Toxicology and Nutrition & Food Science, Texas A&M University, College Station,
TX.
We have shown in primary cultures of rat choroid plexus that cadmium (Cd) induces oxidative stress and stimulates apical choline uptake. Zinc (Zn) supplementation abates oxidative stress and modulation of choline uptake elicited by Cd. Our
objective is to elucidate how Zn attenuates oxidative stress and disrupts stress modulation of choline transport. Glutathione (GSH) supplementation also abates oxidative stress and modulation of choline uptake in Cd-treated choroid plexus cells.
We hypothesize that Zn abates Cd-induced oxidative stress and stress-modulation
of choline uptake via induction of MT-1. Thus, In choroid plexus primary cultures
we tested effects of GSH depletion and silencing of MT-1 on the efficacy of Zn
supplementation to disrupt Cd-induced modulation of apical choline uptake. We
analyzed GSH and GSSG (GSH/GSSG-Glo Assay; Promega) in cells treated with
Cd (250 μM CdCl2, 18 h) or Zn-supplemented (25 μM ZnCl2, 48 h) then treated
with Cd plus Zn. In Cd-treated cells GSH concentrations exceeded those in controls irrespective of Zn; in Cd-treated cells GSSG concentrations exceeded those in
controls. However, in cells treated with Cd plus Zn, GSSG concentrations were
similar to controls; Zn alone did not alter GSH or GSSG. Cells were supplemented
with Zn ± buthionine sulfoximine (BSO, 100 μM) then treated with Cd (500 nM
Cd, 12 h). Cd stimulated 10 μM 3H-choline uptake (30 min) by 78%; Zn attenuated stimulation irrespective of BSO. Cells then were transfected with MT-1
siRNA, reducing MT-1 mRNA by 75%. In untreated cells, Cd stimulated choline
uptake by 60%, and Zn abated stimulation; negative siRNA transfection did not
alter modulation of uptake by Cd or Zn. However, in cells transfected with MT-1
siRNA Cd stimulated choline uptake by 100%, but Zn did not abate stimulation.
These preliminary data suggest Cd increases GSH and GSSH, but efficacy of Zn to
disrupt stress-modulation of choline uptake is dependent on MT-1 induction.
Supported by NSF-IOS# 1052654.

CELLULAR ACCUMULATION AND BEHAVIOR OF
SILVER AND INDUCTION OF METALLOTHIONEIN IN
HUMAN BRONCHIAL EPITHELIAL CELLS
FOLLOWING EXPOSURE TO SILVER NITRATE.

MTF-1 AND CARM1 PARTICIPATE IN A COMPLEX TO
REGULATE METALLOTHIONEIN EXPRESSION AND
METAL HOMEOSTASIS.

E. K. Braithwaite and J. H. Freedman. NIEHS, Research Triangle Park, NC.
Metallothioneins (MTs) are small metal-binding proteins that play important roles
in the detoxification of nonessential metals and metal homeostasis. MT expression
is inducible after exposure to a variety of stresses and is largely regulated by the
metal-responsive transcription factor 1 (MTF-1). Previous studies have shown that
MTF-1 translocates to the nucleus and binds to metal responsive elements (MREs)
in the promoters of metal-inducible genes. During the transcriptional activation of
MTs, MTF-1 participates in a multi-protein regulatory complex. To better understand the components of this multi-protein complex, a yeast two-hybrid analysis
was performed to identify additional MTF-1 interacting partners. Results revealed
that coactivator-associated arginine methyltransferase (CARM1) interacts with
MTF-1 through amino acids 405 – 625, which contain proline-rich and
serine/threonine-rich regions of the MTF-1 protein. To verify this observation in a
mammalian system, FLAG-tagged MTF-1 and CARM1 were co-immunoprecipitated from HEK293T cells and also co-localize when examined by immunoflourescence. To determine if CARM1 could protect cells from metal-induced toxicity,
wild type and CARM1 -/- cells were exposed to increasing concentrations cadmium
chloride. Cell survival was evaluated by a Neutral Red cytotoxicity assay and revealed that CARM1-/- cells were hypersensitive to cadmium treatment, compared
to wild type cells. This increased sensitivity to cadmium exposure correlated with a
defect in MT induction. Real time PCR analysis showed robust induction of MT-I
mRNA in wild type cells after exposure to cadmium chloride; however, MT induction was reduced ~4 -fold in CARM1 -/- cells, compared to wild-type cells. Taken
together, these results suggest that CARM1 may act as a chromatin remodeling
member of the MTF-1 multi-protein complex to regulate the expression of MT
genes in response to cadmium exposure.
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INHIBITION OF ENDOGENOUS MTF-1 SIGNALING IN
ZEBRAFISH EMBRYOS IDENTIFIES NOVEL ROLE FOR
MTF-1 IN IRON AND HEME HOMEOSTASIS.

A. Holowiecki1, B. O’Shields1, A. G. McArthur2 and M. Jenny1. 1Biological
Sciences, University of Alabama, Tuscaloosa, AL and 2Bioinformatics Consulting
Services, Hamilton, ON, Canada.
The MTF-1 transcription factor is considered to be a master regulator of zinc homoestasis. We previously characterized a constitutively nuclear, dominant-negative
MTF-1/eGFP fusion protein (dnMTF-1). In vitro transcribed dnMTF-1 mRNA

536

SOT 2012 ANNUAL MEETING

was microinjected into zebrafish embryos (2-cell stage) and transcriptomic profiling
was performed using an Agilent 4 x 44K array. A total of 594 and 560 probes were
identified as differentially expressed at 28 hpf and 36 hpf, respectively. There were
several main categories of genes affected by the inhibition of MTF-1 signaling including novel observations in iron and heme homeostasis. Hepcidin, a peptide hormone that regulates iron homeostasis, was significantly downregulated 2-fold at 36
hpf. In contrast the major heme-binding protein, hemopexin, was significantly upregulated (3.7 and 2.6 fold) at each timepoint. To investigate the responsiveness of
these two genes to Cd, 72 hpf zebrafish embryos were exposed to concentrations of
Cd (50-150 μM) for 4 or 24 hours and expression was determined by qPCR.
Interestingly, hemopexin was significantly downregulated by all Cd doses at both
timepoints while hepcidin was significantly upregulated only after 24 hours of Cd
exposure. 72 hpf zebrafish embryos were further exposed to hemin concentrations
(50-150 μM) for 4 and 24 hours and expression was determined by real-time PCR.
Both hepcidin and metallothionein were significantly upregulated after 4 hours of
hemin exposure at the highest concentration, while hemopexin expression remained consistent. However after 24 hours of hemin exposure, hemopexin was significantly downregulated at the highest hemin concentration while hepcidin and
metallothionein appeared unaffected. A search of 3kb upstream of the transcription
start site identified multiple MTF-1 binding sites within the proximal promoter of
the hemopexin gene. These observations suggest a novel role for MTF-1 as a transcriptional repressor of hemopexin in response to Cd or hemin exposure.
[R00ES017044]

chow containing TBT at 125 ppm. After weaning, they were either fed chow containing TBT at 0 or 125 ppm. The pups were divided into 4 groups: the control
(control-control, CC); the group exposed via their food (control-TBT, CT); that
exposed via the placenta and their dams’ milk (TBT-control, TC); and the continuous exposure group (TBT-TBT, TT). The spleens were removed at 9 weeks of age,
and the number of cells was counted. The splenocytes were incubated with the antibodies of FITC-conjugated mouse anti-rat CD3, PE-Cy5-conjugated mouse antirat CD4, PE-conjugated mouse anti-rat CD8a, PE-Cy5-conjugated mouse anti-rat
CD45RA, and PE-conjugated mouse anti-rat NKR-P1A and analyzed using a flow
cytometer. The populations of pan T (CD3+), pan B (CD45RA+), NK (NKRP1A+), helper T (CD3+CD4+), and cytotoxic T (CD3+CD8+) cells were calculated. The mean number of cells per mg of spleen, the mean populations of pan T,
NK, and cytotoxic T in the CT, TC, and TT groups were significantly lower compared with those in the CC group. Changes in subsets of lymphocytes were observed in the 3 groups exposed to TBT. Immune system alterations among rats exposed to TBT via the placenta and their dams’ milk could possibly continue even
after discontinuing exposure to TBT.
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COEXPOSURE TO NICKEL AND COBALT CHLORIDE
ENHANCES CYTOTOXICITY AND OXIDATIVE STRESS
IN HUMAN LUNG EPITHELIAL CELLS.

E. Patel, C. Lynch, V. Ruff and M. Reynolds. Biology, Washington College,
Chestertown, MD.
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TRIMETHYLTIN CHLORIDE: INVESTIGATIONS INTO
ITS ACUTE AND CUMULATIVE TOXICITY AND
TOXICOKINETIC ASPECTS.

X. Tang1, X. Wu1, A. M. Dubois2, 3, G. Sui1, B. Wu4, G. Lai4, Z. Gong2, Z.
Lin5 and X. Ren2, 3. 1Guangdong Medical Laboratory Animal Center, China, Foshan,
Guangdong, China, 2Social and Preventive Medicine, State University of New YorkBuffalo, Buffalo, NY, 3Pharmacology and Toxicology, State University of New YorkBuffalo, Buffalo, NY, 4Guangdong Prevention and Treatment Center for
Occupational Diseases, Guangzhou, Guangdong, China and 5Sun Yat-Sen University,
Guangzhou, Guangdong, China.
Methyltin stabilizers are increasingly used as heat and light stabilizers in the production of polyvinyl chloride (PVC). Dimethyltin (DMT) is the principle material
to synthesize stabilizer used in the production of PVC, however, trimethyltin
(TMT) as a byproduct of DMT manufacture is often viewed as the main contributor for the neuropathological changes observed in poisoning patients exposure to
methyltins. Most previous studies have focused on the acute effects of TMT exposure, and limited information is available about the TMT cumulative effects and
toxicokinetic properties. In the current study, we aim to further investigate the
acute and particularly cumulative toxicity and to understand the toxicokinetic aspects of TMT exposure. TMT was given to rats or mice via gavage or intraperitoneal injection. Our results showed that administration of TMT in rats caused a
high acute and cumulative toxicity, and that hypokalemia and neuropathological
changes were the major characteristics of TMT exposure. Acute TMT administration in mice also induced significant toxicity, but its cumulative toxicity was moderate, suggesting that species differences exist. Moreover, we showed that TMT was
well absorbed from the gastrointestinal tract and quickly distributed to various tissues in rats, but the highest concentration of TMT was found in erythrocytes of
blood. The half-life of TMT in the blood of rats was relatively long (15 days), and
TMT was detected in blood at 90 days later after the TMT administration. Given
the vast production and use of PVC products, our results suggest that TMT exposure can constitute a health concern and pose potential health risks to occupational
workers and the general population.
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THE IMMUNOTOXIC EFFECTS OF TRIBUTYLTIN ON
SPLENOCYTES IN FEMALE F1 RATS BY CONTINUOUS
EXPOSURE FROM THE FETUS STAGE THROUGH
THEIR DEVELOPING STAGES.

R. Ikeuchi1, T. Kido1, C. Sugaya1, M. Tsunoda1, H. Katagiri2, K. Hayashi3, T.
Kosaka3 and Y. Aizawa1. 1Preventive Medicine, Kitasato University School of
Medicine, Sagamihara, Kanagawa, Japan, 2Public Health, Kitasato University
School of Allied Health Sciences, Sagamihara, Kanagawa, Japan and 3The Institute of
Environmental Toxicology, Joso, Ibaraki, Japan.
Immunotoxicity is one of the major toxic effects of tributyltin (TBT). The problem
remained to determine the immunotoxicity of exposure to TBT on the developing
stages of F1 rats. We evaluated the immunotoxicity of TBT by continuous exposure
from fetus to 9 weeks of age by comparing the results of rats exposed to TBT via the
placenta and their dams’ milk and those of rats exposed via only their food. The rats
were exposed to TBT in utero and via their dams’ milk by the dams’ feeding on

Nickel and cobalt are heavy metals found in land, water, and air, which can enter
the body primarily through the respiratory tract and accumulate to toxic levels.
Nickel compounds are known to be carcinogenic to humans and animals while
cobalt compounds produce tumors in animals and are probably carcinogenic to humans. People working in industrial and manufacturing settings have an increased
risk of exposure to these metals. The cytotoxicity of nickel and cobalt have individually been demonstrated, however the underlying mechanisms of coexposure to
these heavy metals have not been explored. In this study, we investigated the effect
of exposure of H460 human lung epithelial cells to nickel and cobalt, alone and in
combination, on cell survival, apoptotic mechanisms, and the generation of reactive
oxygen species (ROS). For simultaneous exposure cells were exposed to a constant
dose of 150 μM cobalt or nickel, which was found to be relatively nontoxic in single exposure experiments. We demonstrate that cells exposed simultaneously to
cobalt and nickel exhibit a dose-dependent decrease in survival compared to the
cells exposed to a single metal. The decrease in survival was the result of enhanced
caspase 3 and 7 activation and cleavage of poly (ADP-ribose) polymerase.
Coexposure increased the production of ROS and the formation of double strand
breaks. Pretreatment with N-acetyl cysteine alleviated the toxic responses.
Collectively, this study demonstrates that coexposure to cobalt and nickel is significatly more toxic than single exposure and that toxicity is related to formation of
ROS. These findings indicate that additional studies are needed to characterize the
mutagenic and genotoxic effects of coexposure to cobalt and nickel.

2490

INSOLUBLE NI+2 COMPOUNDS SILENCE DRIP80
GENE, ALTERING CA+2 ION DISTRIBUTIONS IN
NI+2/MCA-TRANSFORMED 10T1/2 MOUSE EMBRYO
CELLS.

J. R. Landolph1, 2, D. Mai1, 2, J. D. Zheng1, 2 and P. Samala1, 2. 1Department of
Molecular Microbiology and Immunology, University of Southern California, Los
Angeles, CA and 2University of Southern California Cancer Center, University of
Southern California, Los Angeles, CA.
Ni-containing sulfidic/oxidic ores cause nasal/lung cancers in Ni refinery workers.
Ni3S2/green NiO induces respiratory cancer in rodents. Ni3S2 and green/black
NiOs induced chromosomal aberrations and morphological/neoplastic transformation in 10T1/2 mouse embryo cells. 130 genes were differentially expressed between non-transformed and two MCA/four Ni+2 ion-transformed 10T1/2 cell
lines. Ni/MCA-transformed cell lines had no detectable DRIP80 mRNA. We hypothesized Ni+2 silenced the DRIP/TRAP80 gene, inhibiting vitamin D signaling
through the DRIP/TRAP80-Mediator 17 complex, a transcriptional factor for
genes involved in Ca+2 ion homeostasis, altering Ca+2 ion distributions in transformed 10T1/2 cells. To test this hypothesis, we stained nontransformed/Ni/MCA-transformed 10T1/2 cells with fluorescent Fluo 3AM, then
examined Ca+2 ion distributions in them by confocal microscopy. In non-transformed 10T1/2 cells, Ca+2 ions were in 2 distributions: State I, in low density cells,
with a high concentration of nuclear Ca+2 ions, lesser cytoplasmic amounts; and
State II, in high density cells, with fewer nuclear Ca+2 ions and higher levels of cytoplasmic Ca+2 ions. Ni+2/MCA-transformed 10T1/2 cell lines were largely in
State II, with Ca+2 ions largely cytoplasmic and fewer nuclear Ca+2 ions, at all cell
densities. Therefore, Ni+2 ions silenced the DRIP/TRAP80 gene, removing
DRIP/TRAP80 protein from transcriptional factor Mediator 17, likely decreasing
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its transcription factor activity for genes mediating Ca+2 ion homeostasis. This altered Ca+2 ion distributions in transformed cells, likely changing activities of Ca+2
ion-dependent enzymes, contributing to induction/maintenance of transformed
phenotypes of Ni+2 ion/MCA-transformed cell lines. Supported by grant R01
ES0-3341/NIEHS (PI, JRL), Core Support Grant 5 P30 CA143089/NCI to USC,
funds from M. S. Program, Dept. of Mol. Micro./Imm., USC, USC Discretionary
Funding.
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TUNGSTEN, NICKEL, AND COBALT MEASUREMENTS
IN TISSUE AND HISTOPATHOLOGY FOLLOWING
INHALATION OF TUNGSTEN ALLOY POWDER BY
SPRAGUE DAWLEY RATS.

B. A. Wong1, 2, C. U. Parkinson2, V. P. Mokashi1, M. G. Stockelman1 and P. A.
Ortiz1. 1Naval Medical Research Unit, Wright-Patterson AFB, Dayton, OH and 2The
Hamner Institute for Health Sciences, Research Triangle Park, NC.
Tungsten has unique physicochemical properties that have been used for a variety
of military, medical, and industrial purposes. Tungsten has largely replaced lead in
high kinetic energy penetrators and other U.S. military munitions and has also replaced depleted uranium in armor. These uses may present an exposure risk to military personnel from aerosolized metal following weapons firing or ballistic impact.
In these hard metal applications, tungsten is typically mixed with other metals such
as nickel or cobalt to provide an alloy with strength and ductility. The objective of
this study was to determine the translocation and accumulation of tungsten, nickel
and cobalt in tissues of rats after inhalation of the mixture of particles used to make
up the tungsten hard metal prior to the alloying process. Male Sprague Dawley rats
were exposed by whole body inhalation to either air or tungsten alloy aerosol (approximately 5 mg/m3, 6 h/d, 5 d/wk, for 2 weeks). Animals were held for 0, 1, 3, 7
and 21 days post-exposure to examine the distribution of those metals. Tissues were
analyzed for tungsten, nickel and cobalt using neutron activation analysis. All three
metals (tungsten, nickel and cobalt) were detected in the lung. However, cobalt was
the only metal detected in other tissues, including kidney, liver and olfactory bulb.
The calculated half-life of tungsten, nickel and cobalt in the lung indicated that
cobalt behaved like a soluble compound while tungsten results were consistent with
insoluble metal particles. Finally, there were no gross pathological observations detected in the tissues by histopathology. This data provides evidence that the other
metals (nickel and cobalt) that are mixed in the alloy powder do not enhance the
uptake or distribution of tungsten, including by olfactory translocation. Further
work is required with actual tungsten alloy particles to assess risk of military personnel exposed in field.
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EVALUATION OF THE SUBCHRONIC TOXICITY OF
SODIUM TUNGSTATE DIHYDRATE IN MALE AND
FEMALE HARLAN SPRAGUE DAWLEY RATS AND
B6C3F1/N MICE ADMINISTERED DOSED DRINKING
WATER.

M. Hooth1, D. Malarkey1, G. Travlos1, L. Fomby2, M. Buccellato2, C.
Briscoe2, M. Ryan2, M. Hejtmancik2, V. Godfrey Robinson1, C. Smith1, S.
Graves2, L. Reed3, K. Witt1 and M. Stout1. 1Division of the National Toxicology
Program, NIEHS, Research Triangle Park, NC, 2Battelle, Columbus, OH and
3Battelle, Richland, WA.
Tungsten is a high production volume metal used in a variety of applications. It is
also found in dietary supplements and has potential use as an antidiabetic therapy.
Tungsten was nominated to the NTP due to concern about potential human exposure via contaminated drinking water. 13-Week drinking water studies of a soluble
tungsten compound, sodium tungstate dihydrate (STD), were conducted in
Harlan Sprague Dawley rats and B6C3F1/N mice at doses of 0, 125, 250, 500,
1000, and 2000 mg/L. The rat study included perinatal exposure. One 2000 mg/L
moribund dam and litter were terminated on postnatal day (PND) 6. There were
no treatment related effects on the percentage of dams delivering, litter size, or litter weights. Reduced body weights greater than 10% relative to control were observed in 2000 mg/L dams (18%), PND4 pups (males- 11%, females- 13%), and
PND21 pups (males- 15%, females- 13%). During the 13-week phase of the study,
there was no effect on survival, hematology, or organ weights in rats or mice.
However, significant reductions in mean body weights and mean water consumption relative to controls were observed in 2000 mg/L male (28%, 45%) and female
(18%, 48%) rats, respectively. Renal tubule regeneration was observed in 1000 and
2000 mg/L rats and mice. Alterations in clinical and urine chemistry parameters reflective of the renal damage were observed in high dose groups of rats. Total tungsten concentrations were generally dose proportional in blood and urine. The micronucleus assay was negative in rats and mice. However, the Comet assay was
positive in the liver of rats and male mice. The kidney appeared to be the only
major target organ of STD in both species. These are preliminary data that have not
been peer reviewed by the NTP.
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THE EFFECTS OF IN VIVO SODIUM TUNGSTATE
EXPOSURE ON MURINE B-CELL DEVELOPMENT.

A. D. Kelly2, M. Lemaire1, J. H. Eustache3, Y. Young1, C. Guilbert1 and K. K.
Mann1, 2. 1Onocology, Lady Davis Institute for Medical Research, Montreal, QC,
Canada, 2Experimental Medicine, McGill University, Montreal, QC, Canada and
3Microbiology and Immunology, McGill University, Montreal, QC, Canada.
High environmental tungsten levels have been associated with a cluster of childhood pre-B acute lymphoblastic leukemia, although the causality between tungsten
and leukemogenesis has not been established. Our in vitro data suggest that developing B lymphocytes are susceptible to tungsten-induced DNA damage and
growth inhibition. We therefore hypothesized that tungsten could alter the development of B-cells leading to a pro-leukemogenic phenotype. To test this, we exposed C57BL/6J mice over 16 weeks to tungsten-containing tap water at concentrations of 15, 200, and 1000 mg/L, levels that are representative of the
environmental concentrations found in the area of the leukemia cluster. Exposure
to 1000 mg/L tungsten resulted in a decrease in overall body weight, although mice
appeared otherwise healthy and continued to gain weight at a rate similar to other
treatment groups. Tungsten exposure, at all tested concentrations, decreased the
number of peripheral white blood cells, including monocytes, granulocytes, and
lymphocytes. Furthermore, tibia tungsten concentration, as measured by ICP-MS,
reached a dose-dependent plateau within 4 weeks. We examined changes in B cell
development using flow cytometry and correlated this with tungsten exposure levels. Exposure correlated with an increase in immature B-cells (IgM+,
B220/CD45R+) within the bone marrow, although no changes in B220/CD45R+
populations in the thymus or the spleen were observed. The activity of B cell progenitors was increased by 4 weeks following tungsten exposure, as measured by
preB colony forming assays. Finally, DNA damage, as assessed by COMET assay,
was increased in the non-adherent bone marrow populations of exposed animals,
with the greatest increase at the lowest tested concentration. Together, these data
suggest that tungsten exposure may alter development of B lymphocytes, possibly
promoting a pro-leukemogenic phenotype.
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HEAVY METAL EXPOSURE MODULATES
RETROELEMENT ACTIVITY.

A. M. Engel, B. J. Wagstaff, G. Servant, R. S. Derbes and M. E. Morales.
Epidemiology, Tulane University, New Orleans, LA. Sponsor: K. Ramos.
Introduction: Transposable elements (TE), such as L1 and Alu, are endogenous
mutagens residing in large numbers in the human genome that can cause devastating irreversible genetic damage by two different mechanisms: insertional mutagenesis and genomic rearrangements. Cell culture and mouse transgenic models
demonstrate that loss of cellular controls regulating transposable elements (TEs)
manifests as a dramatic increase in TE activity, some with devastating outcomes.
Rationale: Because heavy metal exposure is known to produce reactive oxygen
species and inhibit critical proteins of the DNA repair pathway, we propose that the
heavy metal exposure significantly influence the TE-mediated damage. Methods:
We evaluated the effects of heavy metal exposure on L1 activity and Alu-Alu nonallelic homologous recombination. Our approach includes the use of cell culture
assay systems that can evaluate the effects of heavy metal exposure on L1 activity
and Alu-Alu recombination. Results: Our data demonstrates that exposure to cadmium and nickel increase TE-mediated genetic damage by stimulating L1 activity
and non-allelic recombination between Alus. Cells exposed to heavy metals such as
Cd, and Ni stimulate L1 retrotransposition in a dose dependent manner likely
through the inhibition of the NER pathway. Both cadmium and nickel affect the
repair outcomes of double stranded breaks, and increase the recombination rates
between Alu elements. Conclusion: Our data suggest that the inhibition of DNA
repair pathways and production of reactive oxygen species caused by heavy metals
increase the damage generated by transposable elements. We propose that increase
in mobile element-mediated genetic damage may play an important role as an additional mechanism of heavy metal induced genetic damage that may contribute to
carcinogenesis.
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CHILDREN’S LEAD EXPOSURE IN NEW ORLEANS:
THE NEED FOR LOWER SOIL LEAD GUIDELINES.

H. W. Mielke1, C. Gonzales2 and E. Powell2. 1Chemistry, Tulane University, New
Orleans, LA and 2Lead Lab., Inc., New Orleans, LA.
Soil lead (Pb) and children’s blood Pb at public and private properties within the
inner-city and outer areas of Pre-Katrina New Orleans are the topic of this study;
the purpose was to evaluate exposure responses. Brick public properties in the
inner-city had more soil Pb and higher prevalence of elevated children’s blood Pb
than same-aged brick public properties in outlying areas of the city. The median

inner-city soil Pb was 438 mg/kg or 3.7 times larger than the median soil Pb of 117
mg/kg in outlying areas (p-value <<0.0001). The prevalence of children’s blood Pb
≥ 10μg/dL was 22.9% in the inner-city vs. 9.1% in outlying areas of New Orleans
(p-value <<0.0001). The quantities of legacy Pb dust were calculated for paint and
gasoline in New Orleans: Assuming removal of all Pb-based exterior paint by power
sanding, the maximum release was 1811 metric tons (MT) Pb dust; leaded fuel use
from 1927—1994 accounts for 9100 MT Pb dust. Accumulated Pb dust from
gasoline additives plausibly explains the differences in soil Pb and children’s blood
Pb between the higher traffic congested inner-city compared and the lower traffic
congested outer areas of the city. The 20th century use of lead in paint and gasoline
was national, and a similar inner vs. outer city pattern of environmental Pb dust
contamination and childhood Pb exposures are expected in all cities.
This study demonstrates that the current soil Pb guideline where children live and
play of 400 mg/kg is too large. Soils are both a sink and a continuing exposure
source of Pb dust, and children need low Pb soil to prevent the toxicity of Pb such
as behavior and learning effects. All cities have a Pb-safe source of soil for intervention; the median US non-urban background soil Pb is 16.5 mg/kg (range 10.3 to
30.1 mg/kg), and at least an order of magnitude smaller than soil in most cities.
These results underscore the need for clean soil to protect children from accumulated Pb dust in soil resulting from the legacy of Pb use during the 20th century.
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SHORT-TERM ENVIRONMENTAL EXPOSURE TO
COPPER ALTERS MEDIATORS OF OLFACTORY
SIGNAL TRANSDUCTION IN COHO SALMON.

L. Wang, H. M. Espinoza and E. P. Gallagher. Department of Environmental and
Occupational Health Sciences, University of Washington, Seattle, WA.
Environmental trace metals such as copper (Cu) are known inhibitors of olfactory
function in salmonids. Although the functional loss of olfaction by these compounds has been linked to impaired homing to natal streams and a compromised
ability to detect predators and prey, the underlying molecular mechanisms of metalinduced olfactory injury have not been elucidated. In the current study, we analyzed components of olfactory signal transduction on short-term Cu exposures that
are associated with a loss of olfaction in coho salmon. Quantitative PCR (qPCR)
analysis of the peripheral olfactory system (i.e. olfactory rosettes) and also the olfactory bulb and telecephalon (OBT) of Cu-exposed coho revealed a dose- and tissuedependent modulation of key genes involved in maintaining G-protein coupled olfactory receptor signaling, cAMP mediated signaling and calcium signaling.
Histological sectioning of coho olfactory tissues revealed the disruption of olfactory
receptor neuron patterning at the highest dose of copper (50 ppb), whereas
TUNEL staining revealed an increased cell death in olfactory epithelium (OE) at
25 and 50 ppb Cu. Similarly, a loss of immunoreactive type 3 adenylate cyclase
(ACIII) protein expression was observed in the olfactory epithelial cilia of coho exposed to high doses of Cu. Exposure to Cu decreased intracellular cAMP levels in
the olfactory rosettes, while increasing OBT cAMP. Similar effects of Cu were observed for OBT cGMP levels. Collectively, the results of our studies indicate distinct morphological and functional changes within the olfactory system of coho
salmon in response to environmental copper concentrations that are associated with
the disruption of key cellular components responsible for maintaining olfactory signal transduction. This project was supported by NIEHS Superfund program project P42-04696.
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HYPERSENSITIVITY TO METALS IN A COHORT OF
DEPLETED URANIUM (DU)-EXPOSED GULF WAR I
VETERANS WITH DU EMBEDDED FRAGMENTS.

K. S. Squibb1, 2, M. Shvartsbeyn3, P. Tuchinda4, S. Hines1, 2, J. Gaines1, 2, M.
McDiarmid1, 2 and A. Gaspari1. 1University of Maryland School of Medicine,
Baltimore, MD, 2Veterans Affairs Medical Center, Baltimore, MD, 3New York
University, New York, NY and 4Mahidol University, Bangkok, Thailand.
Recent studies have shown that embedded metal fragments in soldiers can oxidize
in situ giving rise to increased blood concentrations of and chronic systemic exposure to metals. In addition to well-known organ system effects, the metals may lead
to sensitization via a delayed-type hypersensitivity response, as has been observed in
some patients with metal-containing medical implants. To examine this possibility,
skin patch testing was conducted in a cohort of depleted uranium (DU)-exposed
Gulf War I male Veterans with and without DU embedded fragments to determine
whether rates of sensitization to metals present in the Extended Metal Series (Al,
Ag, Au, Cd, Cu, Fe, Hg, In, Ir, Mn, Mo, Pb, Pd, Pt, Sn, Ti, V, W, Zn, Zr, with DU
added to the series) are different based on the presence of fragments. Upon patch
testing, there was reactivity to 12 of the 21 metals, with 45% of the veterans showing reactivity to one or more of the metals. The highest rates of reactivity in the cohort of 38 Veterans were seen for Zn (32%), Mn (21%) and Au (16%). There were
only small differences in the frequency of metal sensitivity for Zn, Mn or Au be-

tween Veterans with (n=14) or without (n=22) embedded fragments. In vitro studies of lymphocytes from this cohort were then performed, with cytokine release
(IFNγ, IL-10, IL-17, IL-2, IL-4) as the endpoint. Preliminary results of cytokine release in response to Zn were consistent with patch testing results in 13 of 15
Veterans tested (87%), however other metals showed a lack of concordance. These
data suggest that DU embedded fragments do not induce sensitization to most of
the metals found in fragments. However, positive skin patch results in Veterans
both with and without fragments suggest that potential health impacts related to
exposure to Zn and possibly Mn should be carefully considered in the care of
Veterans. Supported by the Department of Veterans Affairs.
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DEVELOPMENT, VALIDATION AND APPLICATION OF
A METHOD FOR DETERMINATION OF ZINC IN RAT
WHOLE BLOOD.

K. Levine1, A. S. Essader1, J. M. Perlmutter1, D. J. Young1, R. A. Fernando1, B.
J. Collins2 and V. G. Robinson2. 1RTI International, Research Triangle Park, NC
and 2National Toxicology Program, NIEHS/NTP, Research Triangle Park, NC.
Zinc has a ubiquitous role in over three hundred metalloenzymes. Its deficiency is
linked to spatial learning and memory loss, depression-like symptoms, and suppressed immune function. Zinc carbonate basic was selected as a test article for an
NTP bioassay because it is widely used in industry and is palatable when mixed at
relevant doses in rodent diet.
In support of the above described investigation, an inductively coupled plasma optical emission spectrometry (ICP-OES) method was developed and validated for
the determination of zinc in male Harlan Sprague Dawley rat whole blood. Whole
blood was analyzed by ICP-OES over the validated range of 2.40 to 80.0 μg/mL
blood. Validation parameters included linearity, recovery, accuracy, precision, stability, dilution verification, and detection/quantitation limits. Zinc was found to be
stable in whole blood under multiple storage conditions, including ~ 25 °C for ~ 2
hours, digested extracts at ~4 °C for 32 days, and whole blood extracts at ~ 20°C
for 61 days. A cross-validation was conducted to demonstrate the suitability of the
validated method for the determination of zinc in female rat whole blood.
Successful application of the validated method resulted in the analysis of ~ 500 rat
whole blood samples in twenty analytical batches. Several quality control samples
were prepared with each batch. One hundred method blanks were prepared and analyzed throughout the study and overall, indicated that the method was free of significant contamination. Forty method controls were prepared and analyzed to determine zinc recovery in the absence of the blood matrix (recoveries ranged from
91.3 to 109%). Fifty-seven certified reference material (CRM) samples were prepared and analyzed with the study samples (recoveries ranged from 88.5 to 110% of
the certified value).
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ROLE OF A SPINDLE ASSEMBLY CHECKPOINT
PROTEIN, Cdc20, IN CHROMATE-INDUCED SPINDLE
ASSEMBLY CHECKPOINT BYPASS.

N. D. Karri1, 2, 3 and J. P. Wise, Sr.1, 2, 3. 1Wise Laboratory of Environmental and
Genetic Toxicology, University of Southern Maine, Portland, ME, 2Maine Center for
Toxicology and Environmental Health, University of Southern Maine, Portland, ME
and 3Department of Applied Medical Science, University of Southern Maine,
Portland, ME.
Hexavalent-chromium [Cr(VI)] is a well-documented human carcinogen via inhalation route, however, the mechanism of Cr(VI)-induced carcinogenesis is unknown. The spindle assembly checkpoint (SAC) is a critical regulator of the
metaphase-to-anaphase transition and ensures genome stability by preventing chromosomal missegregation events. SAC bypass can lead to genomic instability, manifested as aneuploidy, which eventually leads to tumor formation and cancer. Recent
studies in our laboratory demonstrated that chronic exposure to zinc chromate induces SAC bypass in a concentration- and time-dependent manner in human lung
fibroblasts. To further study these events, we focused on the cell division cycle 20
(Cdc20) protein. Cdc20 has not been studied after Cr(VI) exposure, but other
studies showed that overexpression of Cdc20 protein leads to aneuploidy. We investigated Cdc20 protein expression and localization in human lung fibroblasts treated
with zinc chromate by using molecular techniques such as immunofluorescence,
western blot and co-immunoprecipitation (Co-IP) studies. We found a concentration-dependent decrease in Cdc20 protein expression levels in both mitotic and interphase cells at concentrations of 0.1-0.2 ug/cm2 zinc chromate. In addition, we
observed a decrease in Cdc20-kinetochore localization after 96 and 120 h exposures
in prophase and pro-metaphase cells. We further examined changes to Cdc20 function using Co-IP studies and found a decrease in the interaction of Cdc20 and
Mad2 (mitotic arrest deficient related 2) protein. Altogether, the data indicates that
zinc chromate exposure alters the expression and localization of Cdc20, which may
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underlie zinc chromate-induced SAC bypass. This work is supported by NIEHS
grant ES016893 (J.P.W), the Maine Center for Toxicology and Environmental
Health, and the Department of Applied Medical Science.
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HEXAVALENT CHROMIUM INDUCES CHROMOSOME
INSTABILITY RESULTING IN A DNA DOUBLESTRAND BREAK REPAIR-DEFICIENT PHENOTYPE
AND NEOPLASTIC TRANSFORMATION.

S. S. Wise1, 2, 3, A. L. Holmes1, 2, 3, H. Xie1, 2, 3, S. Martin1, 2, W. Thompson2, 3
and J. P. Wise, Sr.1, 2, 3. 1Wise Laboratory of Environmental and Genetic Toxicology,
University of Southern Maine, Portland, ME, 2Maine Center for Toxicology and
Environmental Health, University of Southern Maine, Portland, ME and
3Department of Applied Medical Science, University of Southern Maine, Portland,
ME.
Chromosome instability (CIN) is a hallmark of lung cancer with cells exhibiting
both translocations and severe aneuploidy. Hexavalent chromium (Cr(VI)) is a well
known respiratory carcinogen with the particulate form being the most potent
form. These particles impact at bifurcation sites of the lung and over time dissolve.
However, the ability of Cr(VI) to induce chromosomal translocations is unknown.
We exposed human lung cells to lead chromate for three sequential 24 h periods,
each separated by about a month. After each treatment, cells were seeded at colony
forming density, cloned, expanded and retreated. Each generation of clones was
tested for chromium sensitivity, chromosome complement, DNA repair capacity
and ability to grow in soft agar. We found that after the first treatment, lead chromate-treated cells exhibited a normal chromosome complement though a few
clones showed an increase in relative survival. After the second exposure, more than
half of the clones acquired an abnormal karyotype including numerical and structural alterations. The third treatment resulted in more abnormal clones as well as
previously abnormal clones acquiring additional abnormalities. Clones were treated
with soluble Cr(VI) for 24 h followed by a 24 h recovery period to measure DNA
double-strand break (DSB) repair. Abnormal clones showed persistent H2A.X and
53BP1 foci formation after 24 h recovery suggesting that these clones had acquired
a DNA DSB repair-deficient phenotype. Clones from the third generation were
able to form colonies in soft agar suggesting that the cells have neoplastically transformed. This work was supported by NIEHS grant ES016893 (J.P.W.) and the
Maine Center for Toxicology and Environmental Health.
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SIMULATED MICROGRAVITY DECREASES
CHROMIUM (VI)-INDUCED GENOTOXICITY IN
HUMAN SKIN FIBROBLAST CELLS.

M. C. Braun1, 2, J. M. McKay1, 2, C. Wheeler1, 2 and J. P. Wise, Sr.1, 2, 3. 1Wise
Laboratory of Environmental and Genetic Toxicology, University of Southern Maine,
Portland, ME, 2Maine Center for Toxicology and Environmental Health, University
of Southern Maine, Portland, ME and 3Department of Applied Medical Science,
University of Southern Maine, Portland, ME.
Data collected during NASA’s Reduced Gravity Student Opportunities program
onboard the “Weightless Wonder” showed that altered gravity (microgravity and
hypergravity combined) increased chromium (VI)-induced genotoxicity in human
fibroblast cells. Other work at our lab showed that heavy metal-containing space
dusts are toxic to these cells in normal gravity, suggesting that NASA’s goal of space
exploration could be potentially harmful to astronaut health. We want to determine
if microgravity potentiates toxicity because astronauts will be exposed to microgravity in space for long periods of time. It is difficult to model microgravity on earth.
In this study, we simulated microgravity using a bioreactor, which confuses gravity
and theoretically simulates different g forces depending on rotational speed. The
lower the RPM, the lower the g force. For example, 25 RPM equals 0.01553g while
8 RPM is 0.00201g. We used human skin fibroblast cells (BJhTERT) and compared the effects of normal gravity and simulated microgravity on hexavalent
chromium [Cr(VI)]-induced toxicity after a 24 hour exposure. We found less
Cr(VI)-induced chromosome damage in microgravity using sodium chromate as a
representative Cr(VI) compound. Specifically, 0.5, 1, and 2.5 um sodium chromate
damaged chromosomes in 17, 21, and 40 percent of metaphases respectively under
normal gravity conditions, while the same treatments only damaged chromosomes
in 3, 8, and 22 percent of metaphases under simulated microgravity. Future work
will assess whether differences in uptake of sodium chromate are causing the decrease in damage, as well as study the effects of lead chromate as a particulate form
of Cr(VI). This work was supported by NASA grant EP-08-01 (JPWSr), the Maine
Space Grant Consortium (MB) and the Maine Center for Toxicology and
Environmental Health.
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EFFECTS OF ALTERED GRAVITY ON CHROMIUMINDUCED GENOTOXICITY IN HUMAN LUNG CELLS.

J. P. Wise, Jr.1, 2, S. Huang1, 2, C. Wheeler1, 2 and J. P. Wise, Sr.1, 2, 3. 1Wise
Laboratory of Environmental and Genetic Toxicology, University of Southern Maine,
Portland, ME, 2Maine Center for Toxicology and Environmental Health, University
of Southern Maine, Portland, ME and 3Department of Applied Medical Science,
University of Southern Maine, Portland, ME.
Trips to outer space are becoming more commercialized, and are starting to attract
“space tourists.” Yet the physiological effects of microgravity on humans are not
thoroughly studied. Our lab has participated in NASA’s Reduced Gravity Student
Flight Opportunities Program, which provided us with the unique opportunity to
conduct experiments on NASA’s Weightless Wonder. The Weightless Wonder is a
plane that simulates environments of microgravity and hypergravity by flying in a
series of parabolas. Data we collected from these experiments showed a 2-3 fold increase in chromosomal damage, but a 2-3 fold decrease in chromium uptake was
observed in flight compared to ground experiments. These results are very provocative for how the force of gravity affects cellular metabolism of chemicals. The next
step we chose to take is to determine what is causing this difference – hypergravity
or microgravity. We are able to simulate hypergravity using a centrifuge, and microgravity using a bioreactor. Our data from the bioreactor indicates that there is a
decrease in the amount of chromate-induced chromosomal damage as the force of
gravity approaches 0g. These data suggest that altered gravity inhibits the ability of
chromium to get into cells. We are also looking into the effects of hypergravity and
microgravity on chromium induced DNA double strand breaks and cytotoxicity.
This work was supported by NASA grant ACD FSB-2009 (JPWSr), a fellowship
from the Maine Space Grant Consortium (JPWJr) and the Maine Center for
Toxicology and Environmental Health.
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ASSOCIATION OF ORGANOCHLORINE COMPOUND
BODY BURDEN AND ADIPOKINES WITH
PREVALENCE OF TYPE 2 DIABETES MELLITUS.

P. Eden1, E. Meek1, E. Olsen2 and J. Chambers1. 1Mississippi State University,
Starkville, MS and 2Keesler AFB Clinical Research Laboratory, Biloxi, MS.
Most organochlorine (OC) insecticides have been banned for over 30 years in the
United States but still bioaccumulate due to lipophilicity and environmental persistence, resulting in quantifiable levels in the blood and adipose of human populations. Some bioaccumulative OC compounds, notably p,p’-DDE, trans-nonachlor,
and oxychlordane, have seen an observed association with increased prevalence of
Type 2 diabetes mellitus (T2DM). Gas chromatography/mass spectrometry
(GC/MS) analysis was performed to measure concentrations of these analytes in
plasma from 149 subjects having T2DM and 151 non-diabetic subjects.
Adipokines including leptin and adiponectin were measured by ELISA for all subjects and a subset of non-diabetic subjects was analyzed for metabolic hormone and
inflammatory factors involved in development of T2DM. Overall 81% of subjects
had measurable concentrations of at least one of the studied OC compounds. DDE
was significantly higher in T2DM subjects (319.0 ± 40.6 ng/g) than in non-diabetic subjects (139.0± 19.2 ng/g), p<0.01. DDE was also higher in AfricanAmerican (AA) T2DM subjects (515.9 ± 113.5 ng/g) compared to AA non-diabetics (223.4 ± 59.5 ng/g) as well as in Caucasian T2DM subjects (234.1 ± 28.0 ng/g)
compared to Caucasian non-diabetics (124.6 ± 19.8 ng/g). In the non-diabetic subset, significantly higher concentrations of leptin, TNF-α and MCP-1 were associated with higher plasma DDE concentrations (p=0.001, 0.08, and 0.002, respectively). Leptin was significantly higher (p=0.02) and adiponectin was significantly
lower (p=0.03) in the T2DM subjects than in the non-diabetic cohort. In conclusion, the T2DM subjects in this study were found to have an association between
higher OC pesticide levels and T2DM and that the T2DM population demonstrated altered adipokine concentrations compared to the non-diabetic study subjects. While causation is not known, the higher levels of OC compounds may be a
useful biomarker of T2DM risk.

2504

DETECTION OF PERFLUOROALKYL ACIDS IN RIVERS
AND TAP WATER FROM ALL OVER JAPAN.

S. Tsuda1, K. Sasaki1, Y. Suzuki2, S. Tanaka2, S. Fujii2 and N. Saito1. 1Iwate
Institute of Environmental Health Sciences, Morioka, Japan and 2Kyoto University,
Kyoto, Japan.
Water is expected to be the major exposure route of Perfluoroalkyl acids (PFAA) to
humans. We measured Perfluorocarboxylates (from C5 to C12) and perfluorosulfonates (CS4, CS6, CS8 and CS10) in the river water (RW) from 98 locations sampled in 2010 and those in the tap water (TP) from 142 locations sampled in 2007

from all over Japan using LCMS/MS. Raw and purified waters sampled at 22 water
purification plants (WPP) in 2009 were also measured. The results were compared
with the data of RW collected in 2003 from all over Japan. In the RW, all the examined PFAA were detected with C8, C9, C6 and CS8 showing high national average concentrations of more than 1ng/L in this order, and they were highest in
Kinki. The average concentration of C6 in Kinki was about fifteen times as high as
the national average, and extremely high concentrations (46 and 24 μg/L) were detected in the lower reaches at the foot of a fluorochemical plant, where extremely
high concentrations of C8 (67 and 24 μg/L) were detected in 2003. From 2003 to
2010, both the nationwide average CS8 and C8 concentrations decreased to about
half, while Kinki showed drastic reduction of C8 concentration to one tenth. In TP,
all the examined PFAA were detected with the high concentrations for C8, CS8
and C9. The national average concentrations of C8, CS8 and C9 in TP were about
20% of the corresponding concentrations in the RW, while C6 showed as low as
3.4%. The purification efficiency of C6 at the WPP did not differ from the other
PFAA (about 20%). The distribution heterogeneity for C6 concentration in RW
with extremely high sampling sites and the fact that the RW concentration was not
reflected in TP may explain that the release of C6 to the environment began recently from some source (s) in Kinki. Even if the C6 release is cut off immediately,
the level in TP (and thus the human exposure) will increase to the extent to C8 and
CS8. If the C6 release is continued, its concentrations in both RW and TP will exceed the levels of C8 and CS8.
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2507
INVESTIGATION OF OXIDATIVE STRESS AS A
MECHANISM FOR PBDE DISRUPTION OF
NEURODEVELOPMENT.

C. Y. Usenko1, D. C. Hopkins1 and E. D. Bruce2. 1Biology, Baylor University,
Waco, TX and 2Environmental Science, Baylor University, Waco, TX.
There have been several proposed mechanisms through which polybrominated
diphenyl ethers (PBDEs) disrupt neurodevelopment. A primary proposed mechanism of disrupted neurodevelopment can be attributed to the formation of reactive
oxygen species which damage neurons. Embryonic zebrafish were exposed to four
different PBDEs (BDE 28, BDE 47, BDE 99, and BDE 100) then evaluated for
cell death, apoptosis, and induction of antioxidant responsive genes. In addition,
embryos were co-exposed with the glutathione inhibitor, buthionine sulfoximine,
(BSO) or N-acetylcysteine (NAC), the rate-limiting substrate in glutathione synthesis. Previously, PBDEs were found to alter spontaneous movement activity of zebrafish during development at 24 hpf, alter swimming behavior at 120 hpf, and induce curved body malformation and mortality. In the present study,
immunohistochemistry for caspase-3 was used to identify cells undergoing apoptosis in situ; however, there was no evidence indicating that the PBDEs tested induced apoptosis. Furthermore, testing with acridine orange did not reveal induced
cell death for any PBDEs at concentration up to a concentration of 10 ppm.
Glutathione-S-transferase (GSTpi), glutamate cysteine ligase catalytic subunit
(GCLc), and cyclooxygenase 6 (COX6) were assessed using RT-PCR. Only COX6
was upregulated for all congeners. Conversely, GSTpi was downregulated for all
congeners tested at 10 ppm. The results do not support a strong oxidative stress response following exposure to PBDEs. To further verify, co-exposures to NAC and
BSO were conducted. Neither co-exposure altered rates of spontaneous movement
at 24 hpf compared to the 10 ppm PBDE alone at 10 ppm. At 20 ppm, NAC decreased rates of spontaneous movement for all congeners except BDE 100. BSO
and NAC did not alter rates of malformations or mortality at any concentration. In
this study, oxidative stress was not a primary mode of action for PBDEs in the disruption of neurodevelopment.
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ment. Recently, the presence of PBDDs and PBDFs in biotic and abiotic environmental samples was shown. As a result, it is suggested that PBDDs and PBDFs
should be included in the TEF concept. Recently, UNEP and WHO jointly organized an expert consultation to assess this possible inclusion and evaluate the dioxinlike properties of PBDDs and PBDFs. Among others, it was concluded that toxicokinetics of PBDDs and PBDFs are not significantly different from their chlorinated
counterparts. There is also a similarity between both types of compounds in Ah-receptor binding and associated transcription processes Although much more limited
than for PCDDs and PCDFs, available data indicate that most responses of
PBDDs and PBDFs fell within the range of uncertainty associated with TEFs of
their chlorinated analogues. Therefore, it is suggested to use similar interim TEFs
for brominated analogues as for the chlorinated until more congener specific in
vivo information becomes available. Using these suggested interim TEFs for
PBDDs and PBDFs, their contribution may be as high as 10% of total TEQs in biological matrices relevant to humans. Fish specific relative potencies of PBDDs and
PBDFs were also compared with TEFs derived from mammalian systems. It was
concluded that similar to PCDDs and PCDFs, separate TEFs for fish should be
used to avoid overestimation of PBDD and PBDF toxicity in aquatic ecosystems.
For terrestrial wildlife, e.g., birds, there is no information. Thus, it is recommended
by UNEP and WHO that 2,3,7,8-PBDDs and PBDFs should be included in the
TEF concept.

THE USE OF TOXIC EQUIVALENCY FACTORS (TEFS)
FOR POLYBROMINATED DIBENZODIOXINS (PBDDS)
AND DIBENZOFURANS (PBDFS) IN RISK
ASSESSMENT.

M. Van den Berg1, 5, H. Fiedler2, A. M. Tritscher3 and R. E. Peterson4. 1Institute
for Risk Assessment Sciences, Utrecht University, Utrecht, Netherlands, 2World Health
Organization (WHO), Geneva, Switzerland, 3United Nations Environmental
Program (UNEP), Geneva, Switzerland, 4University of Wisconsin-Madison,
Madison, WI and 5WHO Collaborating Centre for Research on Environmental
Health Risk Assessment, Utrecht, Netherlands.
The WHO has established TEF values for polychlorinated dioxins (PCDDs),
dibenzofurans (PCDFs) and biphenyls (PCBs) with a dioxin-like mechanism.
Many governmental agencies use these for human and environmental risk assess-

IMMUNOLOGICAL EVALUATION OF THE RELATIVE
POTENCY OF A SINGLE ORAL ADMINISTRATION OF
BROMINATED AND CHLORINATED DIOXINS AND
FURANS IN FEMALE B6C3F1 MICE.

R. Frawley1, K. White Jr2, M. Smith2, N. Walker1, L. Birnbaum1, 3, M.
DeVito1 and D. Germolec1. 1NTP, NIEHS, Research Triangle Park, NC,
2Department of Pharmacology and Toxicology, Virginia Commonwealth University,
Richmond, VA and 3NCI, Research Triangle Park, NC.
Increased use of brominated flame-retardants and incineration of bromine-containing materials has lead to an increase in the presence of polybrominated dibenzo-pdioxins and dibenzofurans (PBDD/Fs) in the environment. Measurable amounts of
PBDD/Fs have been detected in sediment, seafood, and human serum. In vitro
studies indicate that some PBDD/Fs may have relative potencies equal to polychlorinated dibenzo-p-dioxins and dibenzofurans. Inhibition of the IgM antibody
forming cell (AFC) response to sheep red blood cells (SRBC) following an acute
single exposure is a sensitive indicator of toxicity for polycyclic aromatic hydrocarbons. The objective of this study was to test the hypothesis that the relative potencies of PBDD/Fs are equivalent to their chlorinated analogs by evaluating the ability of each compound to alter humoral immunity in B6C3F1 mice as measured by
quantifying antigen-specific antibody responses. 2,3,7,8-Tetrachlorodibenzo-pdioxin (TCDD), 2,3,7,8-tetrabromodibenzofuran (TBDF), 2,3,7,8-tetrachlorodibenzofuran (TCDF), 1,2,3,7,8-pentabromodibenzofuran (1PBDF),
1,2,3,7,8-pentachlorodibenzofuran (1PCDF), 2,3,4,7,8-pentabromodibenzofuran
(2PBDF), 2,3,4,7,8-pentachlorodibenzofuran (2PCDF), and 2,3-dibromo-7,8dichlorodibenzo-p-dioxin (DCDD) suppressed the IgM AFC response to SRBC,
while 2,3,7-tribromodibenzo-p-dioxin (TriBDD) did not affect the response. The
specific activity (AFC/106 spleen cells) data were fit to a Hill model to estimate the
ED50 for inhibition. The rank order of potency for these chemicals was
TCDD>DCDD>TBDF>2PBDF>2PCDF>1PBDF>1PCDF>TCDF.
While
TCDD was the most potent of the compounds tested, the brominated analogs were
more potent than their chlorinated analogs by factors of 2-20 with TBDF having
the largest difference in potency compared to its chlorinated analog. This abstract
does not necessarily reflect the policies or views of NIH.
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EGCG PROTECTS ENDOTHELIAL CELLS AGAINST
PCB 126-INDUCED INFLAMMATION THROUGH
INHIBITION OF AHR AND ACTIVATION OF NRF2.

S. Han1, K. Pearson2 and B. Hennig1, 2. 1Animal and Food Sciences, University of
Kentucky, Lexington, KY and 2Graduate Center for Nutritional Sciences, University of
Kentucky, Lexington, KY.
Tea flavonoids such as epigallocatechin gallate (EGCG) protect against vascular diseases such as atherosclerosis via their antioxidant and anti-inflammatory functions.
Persistent and widespread environmental pollutants, including polychlorinated
biphenyls (PCB), can induce oxidative stress and inflammation in vascular endothelial cells. Even though PCBs are no longer produced, they are still detected in
human blood and tissues and thus considered a risk for vascular dysfunction. We
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hypothesized that EGCG can protect endothelial cells against PCB-induced cell
damage via its antioxidant and anti-inflammatory properties. To test this hypothesis, primary vascular endothelial cells were pretreated with EGCG, followed by exposure to the coplanar PCB 126. Exposure to PCB 126 significantly increased cytochrome P450 1A1 (Cyp1A1) mRNA and protein expression and superoxide
production, events which were significantly attenuated following pretreatment with
EGCG. Similarly, EGCG also reduced DNA binding of NF-κB and downstream
expression of inflammatory markers such as monocyte chemotactic protein-1
(MCP-1) and vascular cell adhesion protein-1 (VCAM-1) after PCB exposure.
Furthermore, EGCG decreased endogenous or base-line levels of Cyp1A1, MCP-1
and VCAM-1 in endothelial cells. Most of all, treatment of EGCG upregulated expression of NF-E2-related factor 2 (Nrf2)-controlled antioxidant genes, including
glutathione S transferase (GST) and NAD(P)H:quinone oxidoreductase 1
(NQO1), in a dose-dependent manner. Pretreatment with all-trans retinoic acid, an
inhibitor for Nrf2-associated signaling, resulted in an increase of Cyp1A1, MCP-1
and VCAM-1 expression, suggesting Nrf2-regulated antioxidant enzymes play a
protective role against PCB-induced inflammatory responses in endothelial cells.
These data suggest that EGCG provides anti-inflammatory properties via inhibition of AhR and elevated expression of Nrf2 regulatory genes.

was used to detect in vitro adduct formation of quinoid metabolites of PCBs with 1
to 4 chlorines in the molecule with cytochrome c and we used the specific substrate
Ac-DEVD-AMC to detect the activity of caspase-3 protease in living cells treated
with quinoid metabolites alone or in combination with hydrogen peroxide. Based
on molecular weight increase, we found adduction of quinoid metabolites of PCBs
with cytochrome c. Preliminary data indicate that treatment of HL-60 cells with
PCB-quinones is increasing the activity of caspase 3, but is reducing the increase in
caspase-3 protease activity caused by hydrogen peroxide. These preliminary data
provide evidence that covalent binding of the quinone metabolites of polychlorinated biphenyls to cellular proteins, like cytochrome c, may be involved in the toxic
and carcinogenic effects of PCBs. (Supported by NIEHS Superfund Program P42
ES013661).

2511

USING A SOLID-PHASE EXTRACTION SYSTEM TO
DETECT PBDES, TBPH, AND OTHER NEW
BROMINATED FLAME RETARDANTS IN SERUM.

W. Guo, J. Park, Y. Wang and M. Petreas. California Department of Toxic
Substances Control, Berkeley, CA. Sponsor: N. Holland.

2509

TOXICITY AND INFLAMMATORY ENDPOINTS IN
C57BL/6 MICE EXPOSED TO DIFFERENT DOSES OF 3,
3’, 4, 4’, 5-PENTACHLOROBIPHENYL (PCB 126).

K. Eske, M. Murphy, J. Layne, S. Han and B. Hennig. Graduate Center for
Nutritional Sciences, University of Kentucky, Lexington, KY.
Polychlorinated biphenyls (PCBs) are persistent organic pollutants. The dioxin-like
coplanar PCBs, such as PCB 77 and PCB 126, interact with the aryl hydrocarbon
receptor (AhR), and previous work has demonstrated that coplanar PCBs initiate
endothelial dysfunction which leads to atherosclerosis. Many of these animal studies utilized PCB 77; however, use of PCB 126, a coplanar PCB with a higher affinity for the AhR, has not been as well characterized. In order to determine the dose
response relationship of PCB 126 toxicity in mice, a concentration range was selected including 0.0, 0.5, 5.0, 50, and 150 μmol/kg, also expressed as 0.0, 0.16,
1.63, 16.3, and 49.0 mg/kg (ppm). Each group of C57BL/6 mice was gavaged
twice with the same concentration of PCB126 within a seven day period. After this
acute exposure, the mice were sacrificed and assessed for toxicological and inflammatory endpoints of PCB 126 exposure. The goal of this study was to identify PCB
concentrations which do not lead to wasting syndrome. Mice receiving the highest
doses (50 and 150 μmol/kg) of PCB 126 exhibited a significant decrease in body
weight, indicative of broad toxicity. The lowest concentrations of 0.0 and 0.5
μmol/kg did not contribute to weight loss or changes in inflammatory markers. All
mice which received PCB 126 had significant increases in cytochrome P4501A1
(CYP1A1) mRNA expression, while those mice which received 5.0 μmol/kg of
PCB 126 had significant increases in liver to body weight ratio and the inflammatory marker monocyte chemoattractant protein-1 (MCP- 1). Exposure to 5.0
μmol/kg PCB 126 did not contribute to weight loss. These data indicate that a concentration of 5.0 μmol/kg PCB 126 may be used to study inflammation in
C57BL/6 mice without causing overt toxicity.

Firemaster 550, a mixture of four flame retardants that are either known to be toxic
or lack adequate information, continues to be used as a replacement for polybrominated diphenyl ether (PBDE) flame retardants. Two of the four ingredients:
2,3,4,5-tetrabromo-ethylhexylbenzoate (TBB) and 2,3,4,5-tetrabromo-bis(2-ethylhexyl) phthalate (TBPH) have been found in blubber of marine mammals as far as
the North Pole, and are also detected in house dust and sewage sludge from wastewater treatment plants. Sharing similar properties with the PBDEs, these new
brominated fire retardants (new BFRs) are likely to bioaccumulate through the
food chain and/or via inhalation/ingestion of house dust and, therefore, may pose
health risks. We have developed an analytical method that can detect TBB, TBPH,
as well as other commonly used new BFRs (2,4,6,-tribromophenyl allyl (ATE), 1,2dibromo-4-(1,2-dibromoethyl)cyclohexane (α,β-TBECH), 2-bromoallyl-2,4,6-tribromophenyl ether (BATE), Pentabromotoluene (PBT), Pentabromoethylbenzene
(PBEB),
2,3-dibromopropyl-2,4,6-tribromophenyl
ether
(DPTE),
Hexabromobenzene (HBB)) simultaneously with PBDEs. TBPH is the most problematic due to its sensitivity to acid treatment (e.g., sulfuric acidic silica gel). By
using liquid-liquid manual extraction in combination with a two-step Solid Phase
Extraction (SPE) acid free clean up procedure, we are able to measure these new
BFRs in spiked bovine serum by high resolution gas chromatography coupled with
high resolution mass spectrometry in electron ionization using a DB-5ms (15 m ×
0.25 mm × 0.1 μm) capillary column. The mean recoveries of surrogate standards
were 80% for PBDEs (13C BDE-28—13C BDE-209), 96% for 13C HBB, and
117.6% for 13C BTBPE. Matrix spike recoveries from bovine serum for all measured BDE congeners and new BFRs ranged from 65% for BDE-209 to 90% for
BDE-66, and from 73% for BATE to 130% for TBPH, respectively. This method
can be used in biomonitoring studies to monitor the levels and trends of new BFRs
and PBDEs in human serum.

2512
2510

ADDUCTION OF CYTOCHROME C AND INHIBITION
OF CASPASE-3 PROTEASE ACTIVITY BY DIFFERENT
QUINOID METABOLITES OF POLYCHLORINATED
BIPHENYLS (PCBS).

M. Li1, S. Flor1, 2, D. J. Murry1, 3, L. W. Robertson1, 2 and G. Ludewig1, 2.
1Interdisciplinary Graduate Program in Human Toxicology, University of Iowa, Iowa
City, IA, 2Department of Occupational & Environmental Health, University of Iowa,
Iowa City, IA and 3College of Pharmacy, University of Iowa, Iowa City, IA.
Polychlorinated biphenyls (PCBs) were widely used as industrial chemicals and are
ubiquitous human and environmental contaminants. They are carcinogens in rodents and one congener, PCB3, was shown to induce mutations in vivo. PCBs can
be metabolized to dihydroxy- and further to quinoid metabolites both in vivo and
in vitro. Quinoid metabolites may form adducts at nucleophilic sites in important
proteins in biological systems. Cytochrome c, a component in programmed cell
death, is a small protein and highly conserved among species. The release of cytochrome c into the cytoplasm is a key initial step in apoptosis, resulting in the activation of the caspase-3 pathway and the DEVD-specific protease. We hypothesized that the quinoid metabolites of PCBs may covalently bind to cytochrome c
thereby causing defects in apoptosome activation by cytochrome c. LC-IT-TOF
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POTENTIAL DIETARY CONTAMINANT EXPOSURE
FROM TRADITIONAL FOODS AMONG FIRST NATION
ADOLESCENTS LIVING IN THE SUBARCTIC REGION
OF ONTARIO, CANADA.

E. N. Liberda1 and L. J. Tsuji2. 1School of Occupational and Public Health, Ryerson
University, Toronto, ON, Canada and 2Faculty of the Environment and School of
Public Health and Health Systems, University of Waterloo, Waterloo, ON, Canada.
Introduction: Food consumption is a leading pathway for dietary exposure to environmental contaminants (e.g., toxic metals, persistent organic pollutants). In the
Canadian North, a subsistence diet consists of traditional foods which often contain environmental contaminants, but also provide essential nutrients. In the first
component of our study, we used dietary survey data and analyzed wild fish and
game for a variety of contaminants, in order to determine contaminant loads associated with a subsistence diet in adolescents. Methods: Fifty-six schoolchildren
(n=56: girls, n= 21, age range, 12-14 years; boys, n=34, age range 10-17), in grades
6-11, reported to have consumed traditional foods on the day prior to completing
the Waterloo Web-based Eating Behaviour Questionnaire (WEB-Q) developed by
Dr. Rhona Hanning. Participants lived in five sub-arctic First Nations communities: Moose Factory, Fort Albany, Kashechewan, Attawapiskat or Peawanuck. Body
mass of adolescents were used to estimate actual and hypothetical contaminant exposure values from game consumption in schoolchildren who participated in the
WEB-Q. Tissue sampling of subsistence harvested wild game and fish in the spe-

cific communities were obtained during the period 2005 - 2011. 475 game and fish
samples were collected (161 game birds; 290 fish; 24 large mammals). Results and
Conclusions: Preliminary results indicate that toxic metals and organochlorine contamination is negligible in most wild game, but several fish species had elevated levels of mercury. Nevertheless, as the school children seldom reported consuming
fish, concern is tempered. When one takes into account the socio-cultural benefits
of the harvesting activities and the nutritional benefits of a traditional diet (second
component in the present study), one cannot deny the importance of the traditional diet to First Nations adolescents.

atRA and codhRA concentrations. Decreased hepatic retinoid concentrations were
associated with body weight reductions, liver weight increases, induced hepatic
CYP1A, CYP2B and CYP3A, as well as reductions in serum total thyroxine.
MOEs in the ranges of 0.03–2000 for general population, fish-consumers from a
contaminated lake, and electronics dismantling workers were calculated (total assessment factor=25). The retinoid system modulations in regulatory toxicology
studies occur at dose-levels that are of relevance to human exposure situations.

2515
2513

A COMPARATIVE TOXICITY STUDY IN RATS AFTER IN
UTERO AND LACTATIONAL EXPOSURE TO PCB180
OR TCDD.

R. Roos1, F. Rendel1, D. Borg1, P. Heikkinen2, U. Simanainen2, M. Viluksela2,
D. Schrenk3, G. Hamscher4, K. Halldin1 and H. Håkansson1. 1Institute of
Environmental Medicine, Karolinska Institutet, Stockholm, Sweden, 2National
Institute for Health and Welfare, Kuopio, Finland, 3Food Chemistry and Toxicology,
University of Kaiserslautern, Kaiserslautern, Germany and 4Institute for Food
Toxicology and Analytical Chemistry, University of Veterinary Medicine, Hannover,
Germany.
In this study, the effects of in utero and lactational exposure of rats to highly purified PCB180 (99.9%) were compared to effects caused by 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Pregnant Sprague Dawley rats were given
PCB180 (2,2’,3,4,4’,5,5’-heptachlorobiphenyl) at daily oral doses between gestational days (GD) 7 to 10; total doses were between 0 and 1000 mg/kg b.w.; or a single oral dose of TCDD from 0, to 1.0 μg/kg b.w. on GD 11. One pup/sex/litter
were sacrificed at PND7, 35 or 84 for PCB180 and at PND7, 35, or 70 for TCDD.
Dose-dependent decreases in body weight of offspring were only observed after
TCDD exposure until PND70. Following PCB180 exposure liver weight increased
and prostate weight was reduced, with critical effect doses (CEDs) in the range of
7.4 – 35.3 mg/kg b.w. and 114 – 222 mg/kg b.w., respectively, whereas with
TCDD thymus and prostate weight were reduced, with CEDs in the range of
0.102 – 0.252 μg/kg b.w. and 0.0518 – 0.0861 μg/kg b.w. In offspring exposed to
PCB180 and TCDD, a decrease in hepatic retinol was observed, additionally, a decrease of retinyl ester was observed for TCDD. The EROD activity of the PCB180
treated offspring was 50 fold induced, but only at the highest dose of 1000 mg/kg
b.w., whereas the PROD activity was induced 2 – 10 fold in a dose dependent manner, starting from the dose of 10 mg/kg b.w. For comparison, CYP1A1 mRNA expression data from TCDD treated rats showed an induction from 13 – 2000 fold
compared to control group, starting at a dose level of 0.03 μg/kg b.w. In conclusion, the response to PCB 180 differed remarkably as compared to the response to
TCDD, the prototype DL-compound for most endpoints studied.

R. F. Seegal1 and W. G. Foster2. 1New York State Department of Health, Wadsworth
Center, Albany, NY and 2Department of Obstetrics and Gynecology, McMaster
University, Hamilton, ON, Canada.
Polychlorinated biphenyls (PCBs) are widespread environmental contaminants that
reduce dopamine (DA) concentrations in cells in culture, in laboratory rodents and
in non-human primates. However, studies have neither examined the neurochemical effects of PCB exposure in both male and female animals nor the consequences
of gonadectomy (GDX). We therefore determined the effects of long term exposure
to PCBs in adulterated rat chow (500 mg/kg) for 70 days in intact (non-surgically
treated) and in GDX male and female B6 mice. Intact males, in a manner similar to
that seen following exposure to MPTP or 6-OHDA, showed significant loss of striatal DA while intact females were not affected. In order to begin to determine the
role of gonadal hormones in these sexually dimorphic responses, we again exposed
GDX male and female mice to PCBs using the regimen described above. However,
unlike other studies, we compared the effects of GDX using sham surgically-treated
mice, rather than intact controls. Effects on striatal DA were again sexually dimorphic. Both GDX and sham–GDX female mice showed significant reductions in
striatal DA compared to the lack of effect seen in intact females. In contrast, both
GDX and sham-GDX male mice were protected against the loss of striatal DA
compared to reductions seen in intact male mice. We suggest that these sexually dimorphic effects of surgery following exposure to PCBs may be due to interactions
between PCBs and surgical stressors, both of which have been shown to reduce pituitary hormone levels that influence circulating gonadal hormones. These results
underscore the importance of using appropriate controls when comparing the effects of DA neurotoxicants following GDX as well as raising potential concerns related to the role of physiological and severe psychological stressors as potential risk
factors in the etiology of Parkinson’s disease. Supported in part by NIH grant R01
ES014675 to RFS.

2516
2514

RETINOID SYSTEM MODULATIONS INDUCED BY A
PURIFIED DE-71 MIXTURE IN AN OECD TG407 RAT
STUDY EVALUATED IN RELATION TO HUMAN
EXPOSURE LEVELS.

H. Håkansson1, S. Litens2, J. Esteban1, 2, X. Barber3, L. van der Ven4 and G.
Hamscher5. 1Instituto de Bioingeniería, Universidad Miguel Hernández, Elche,
ALICANTE, Spain, 2Institute of Environmental Medicine, Karolinska Institutet,
Stockholm, Sweden, 3Centro de Investigación Operativa, Universidad Miguel
Hernández, Elche, Spain, 4Laboratory for Health Protection Research, National
Institute of Public Health and the Environment, Bilthoven, Netherlands and 5Institut
für Lebensmittelchemie und Lebensmittelbiotechnologie, Justus-Liebig-Universität
Giessen, Giessen, Germany.
Pentabromodiphenylethers (pentaBDEs), constituents of technical DE-71, interfere with the endocrine system. Purified DE-71 was given by gavage to 5 male or female Wistar rats per dose-group for 28 days (OECD 407) and retinoids were determined by HPLC. Benchmark doses (BMD) were established for all-trans-retinoic
acid (atRA), 9-cis-4-oxo-13,14-dihydroretinoic acid (codhRA), retinol (REOH)
and retinyl palmitate (REPA) concentrations. A multivariate partial least-squares
regression between hepatic retinoid concentrations and toxicological observations
was performed. Margins of exposure (MOEs) were computed based on animal tissue retinoid alterations by DE-71 and human BDE-exposure levels. Dose-dependent decreases of hepatic atRA, codhRA, REOH and REPA along with accumulation of renal atRA, REOH and REPA and decrease in serum REOH were observed
in male rats, as in female rats, apart from renal REPA and serum REOH, which
were not affected. The most sensitive effects of this study were decreased hepatic

SHAM SURGERY RECAPITULATES THE EFFECTS OF
GONADECTOMY FOLLOWING PCB EXPOSURE ON
STRIATAL DOPAMINE IN MALE AND FEMALE MICE.

TELOMERASE REACTIVATION WITH INCREASED
CMYC, HTERT AND HTR GENE EXPRESSION
REVERSES TELOMERE SHORTENING IN HUMAN
SKIN KERATINOCYTES: A POTENTIAL MECHANISM
OF PCB CARCINOGENESIS.

S. Pk, A. Klingelhutz, L. Robertson and G. Ludewig. Human Toxicology,
University of Iowa, Iowa City, IA.
Polychlorinated Biphenyls (PCBs), an environmental pollutant, are probable
human carcinogens. Activation of telomerase activity and lengthening of telomeres
are key steps in cancer initiation and progression. To explore if PCBs affect telomerase and telomeres, immortal human skin keratinocytes were exposed to PCB congeners 28, 126 and 153 at 5μM concentration for 48 days. Cells were re-seeded
every 6th day with fresh medium plus compound and telomerase activity, telomere
length (qPCR), cMyc, hTERT, hTR, TRF1, TRF2, CYP1A1 mRNA (RT-PCR),
CYP1A1 activity (EROD production), cell cycle distribution (flow cytometry), and
superoxide (DHE oxidation), hydroperoxide (DFCH oxidation) level were determined. All PCB congeners reduced telomerase activity and telomere length.
PCB126 caused the most prominent reduction of telomerase activity (50%), hTR
and hTERT mRNA (10%), telomere length (40%) and cell growth, along with an
increase in CYP1A1 mRNA (and activity), telomere protein TRF1 and TRF2
mRNA, and superoxide and hydroperoxide levels from day 6 to 48. Continuous
treatment with PCB126 until day 90 resulted in an increase in cell growth, cMyc,
hTERT, and hTR mRNA level (to 130%) along with re-activation of telomerase
activity (to 100%) and re-elongation of telomere length (to 90%) from day 54 on.
From day 66, a decrease in TRF1 and TRF2 mRNA levels was observed; Trf proteins restrict access of the telomerase enzyme to telomeres. The increase in cMYC,
hTERT, and hTR along with decrease in TRF1 and TRF2 transcripts after critical
telomere shortening may be an indication of genomic instability. This study shows
for the first time that PCBs initially reduce telomerase activity, telomere length, and
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cell growth, with possible mechanistic connections to increased oxidative stress, but
prolonged exposure lead to telomerase re-activation, telomere lengthening and increased cell growth, a hallmark in carcinogenesis. (Supported by NIEHS
P42ES013661).

2519

ELIMINATION OF PCB11 AND THE FORMATION OF
ITS HYDROXYLATED METABOLITE IN RATS AFTER
ACUTE INHALATION EXPOSURE.

X. Hu, A. Adamcakova-Dodd, H. Lehmler and P. S. Thorne. Interdisciplinary
Graduate Program in Human Toxicology and the Iowa Superfund Research Program,
University of Iowa, Iowa City, IA.

2517

UPTAKE AND SYSTEMIC DOSE LEVELS LEAD TO
DIFFERENT RELATIVE EFFECT POTENCIES OF 4PECDF AND PCB-126 IN MOUSE AND RAT.

K. van Ede1, K. Gaisch1, P. Andersson2, M. van den Berg1 and M. van
Duursen1. 1Toxicology, IRAS, Utrecht University, Utrecht, Netherlands and
2Department of Chemistry, Faculty of Science and Technology, Umea University,
Umea, Sweden.
Risk assessment of mixtures of chlorinated dioxins (PCDDs), furans (PCDFs) and
biphenyls (PCBs) is performed using the Toxic Equivalency (TEQ) concept. TEQs
are the sum of congener specific toxic equivalency factors (TEFs) multiplied by the
concentration in a matrix, such as plasma. Current TEFs proposed by the World
Health Organization (WHO) are derived from multiple relative effect potencies
(REPs), obtained mainly from in vivo studies linking uptake levels to toxic or biologic effects. Increasing evidence suggests that using uptake levels instead of systemic levels (e.g. liver or plasma concentrations), may lead to misinterpretation of
risk. In this study, REPs of 4-PeCDF (WHO-TEF 0.3) and PCB-126 (WHO-TEF
0.1) were determined in female mice and rats three days after receiving a single oral
dose. Dose-effect relationships were determined for gene expression and activity of
cytochrome P450 1A1, 1A2, 1B1 and AhRR in liver and peripheral blood lymphocytes. REPs for all endpoints were calculated relatively to the EC20 of TCDD using
the oral administered dose, liver or plasma concentrations. Using uptake levels,
REPs for the various endpoints for 4-PeCDF ranged between 0.01 – 0.2 in mouse
and rat, and those of PCB-126 ranged between 0.005 – 0.06 (mouse) and 0.02 –
0.08 (rat). Using the liver concentration did not affect the REPs for 4-PeCDF in
mouse and rat. However, based on plasma levels, the range of REPs for 4-PnCDF
increased to 0.2 – 1.2 for mouse and 0.4 – 3.5 for rat. The systemic REPs calculated
for PCB-126 were comparable to the uptake REPs calculated for rat and mouse.
This study shows that using uptake or systemic REPs may alter the outcome of risk
assessment. Further ongoing analysis of systemic tissue levels and associated effects
by other dioxin-like compounds in our laboratory will contribute to a better risk assessment for humans based on e.g. plasma levels.

2518

TETRABROMOBISPHENOL A DISRUPTS EXCITATIONCONTRACTION COUPLING IN SKELETAL MYOTUBES
VIA MODULATION OF RYANODINE RECEPTOR
FUNCTION.

R. Zhang and I. N. Pessah. Department of Molecular Biosciences, School of
Veterinary Medicine, University of California Davis, Davis, CA.
Tetrabromobisphenol A (TBBPA) is a widely used brominated flame retardant
(BFR) utilized primarily in electronic equipment. Its global annual demand is more
than 120,000 metric tons, accounting for roughly half of all BFRs produced. Here
we report that TBBPA disrupts physiologic excitation-contraction (EC) coupling in
primary skeletal myotubes. Skeletal myotubes derived from mouse myoblasts were
loaded with the fluorescent calcium indicator dye Fluo-4/AM. The myotubes were
continuously stimulated at 0.1 Hz by two-electrode field stimulation at voltages
sufficient to produce Ca2+ transients. Upon perfusion of 1-10 μM TBBPA, physiologic EC coupling in these cells was significantly compromised, as indicated by the
diminution and eventual loss of Ca2+ transients. Additionally, the myotubes exhibited a rise in baseline intracellular Ca2+ levels, and failed to respond to higher frequency pulse trains. Both the time to complete loss of Ca2+ transients and the magnitude of rise in baseline Ca2+ levels were dependent on TBBPA concentration. The
mechanism behind these cellular effects were investigated by assessing the effects of
TBBPA on the type 1 ryanodine receptor (RyR1), an intracellular Ca2+ channel
necessary for EC coupling in skeletal myotubes. In the binding assay, TBBPA
elicited a dose-dependent increase of specific [3H]ryanodine binding to RyR1,
achieving >1500% of vehicle control at 30 μM. Consistent with the binding results, actively loaded microsomal vesicles exhibited TBBPA-induced rapid efflux of
accumulated Ca2+ in a dose-dependent manner, reaching initial release rates of ~1.5
nmol Ca2+/s at 30 μM. These effects of TBBPA on RyR1 are similar to those previously reported for non-coplanar polychlorinated biphenyls and brominated
diphenylethers, suggesting a convergent mechanism. Sponsored by NIH P42
ES04699, P01 11269, U.S. EPA R833292, R829388, and T32 training program in
basic and translational cardiovascular science (HL 86350).
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The recent discovery of 3,3’-dichlorobiphenyl (PCB11) being released from paint
and pigments stresses the urgency and importance to investigate the health risk associated with PCB11 exposure. The high level and ubiquity of PCB11 in Chicago
air indicates that inhalation is very likely the major route of exposure. We performed an acute inhalation exposure study to PCB11 in rats to understand its biological fate. We generated vapor-phase PCB11 under carefully-controlled conditions into a moving airflow that was then diluted and supplied to a nose-only
exposure chamber. Chamber outflow was sampled using XAD cartridges and characterized using GC-ECD. After 2 hr of exposure, the 3 groups of PCB-exposed
Sprague-Dawley rats were serially euthanized at 0, 4 and 8 hr post exposure, while
2 groups of sham-exposed rats were euthanized at 0 and 4 hr post exposure. Lung,
liver, blood, muscle, brain and adipose tissue were collected for PCB measurements.
A pressurized liquid extraction and clean-up method was developed to reliably
quantify PCB11 and hydroxylated (OH)-PCB11 from tissue samples using GCECD. This method allowed an efficient recovery of PCB11 (76±8%) and its major
metabolite 4-OH-PCB11 (58±6%). In our low-level acute exposure (90 μg/m3),
each rat received 2 μg PCB. A rapid decay of PCB11 was seen in lung (half-life =
2.6 hr), yet no 4-OH-PCB11 was found in lung tissue. In contrast, PCB11 was detected in the liver of one rat – the one that contains the most abundant PCB11 in
lung. 4-OH-PCB11 was found in livers of most animals (40 ng/g tissue on average). The presence of the single metabolite was further confirmed by GC/MS. We
conclude that inhaled PCB11 was rapidly eliminated in the lung and distributed to
the liver as the primary site for metabolism. Further, we demonstrated that the
lower-chlorinated PCBs can be metabolized to OH-PCB very quickly in vivo and
therefore the metabolites are very likely the real driving force for toxicity of these
compounds.

2520

SULFATED METABOLITES OF POLYCHLORINATED
BIPHENYLS BIND WITH HIGH AFFINITY TO THE
THYROID HORMONE TRANSPORTER
TRANSTHYRETIN.

F. A. Grimm1, 2, H. Lehmler1, 3, L. W. Robertson1, 3 and M. W. Duffel1, 2.
1Interdisciplinary Graduate Program in Human Toxicology, University of Iowa, Iowa
City, IA, 2Pharmaceutical Sciences and Experimental Therapeutics, University of
Iowa, Iowa City, IA and 3Occupational and Environmental Health, University of
Iowa, Iowa City, IA.
Exposure to polychlorinated biphenyls (PCBs), a class of environmentally persistent and hazardous chemicals, is related to various adverse human health effects.
Among the observed effects are pathological abnormalities in the thyroid and thyroid hormone levels. Certain hydroxylated metabolites of PCBs (OHPCBs) are
known to be capable of displacing L-thyroxine from one of its transporter-proteins,
transthyretin (TTR). In the human, TTR is assumed to be a mediator for the transport of thyroid hormones across the blood-brain barrier and the placenta. We have
hypothesized that sulfated metabolites of OHPCBs also bind with high affinity to
TTR. The sulfate esters derived from 2’-OH PCB 3, 3’-OH PCB 3, 4’-OH PCB 3,
4’-OH PCB 9, and 4’-OH PCB 12 were examined for their ability to bind to
human TTR. The observed Kd values for the high-affinity binding site in TTR
ranged from 0.6 nM to 10 nM for these PCB sulfates as compared to 0.9 nM for Lthyroxine. At the low affinity binding site in TTR, the sulfate esters of 4’-OH PCB
9 and 4’-OH PCB 12 displayed Kd values of 1,300 nM and 1,700 nM, respectively, while the comparable Kd value for L-thyroxine at this site was 900 nM. The
corresponding OHPCBs were examined for their ability to serve as substrates for
sulfation reactions catalyzed by rat and human forms of sulfotransferase 1A1, and
all were substrates for both enzymes. Thus, our current results on the binding of
PCB-sulfates to TTR suggest a potential relevance in PCB-mediated disruption of
thyroid hormone homeostasis. [Supported by NIH P42 ES013661]

2521

ELIMINATION KINETICS OF PERFLUOROOCTANE
SULFONATE (PFOS) IN CHAMBERED RAINBOW
TROUT.

D. M. Consoer1, A. D. Hoffman2, P. N. Fitzsimmons2 and J. W. Nichols2, 1.
1University of Minnesota Duluth, Duluth, MN and 2US EPA Mid-Continent Ecology
Division, Duluth, MN.
The extent to which perfluoroalkyl acids (PFAAs) accumulate in fish varies widely
among individual members of this chemical class. Limited studies have provided
whole-body uptake and elimination rates for several compounds. To date, however,

a mechanistic understanding of processes that control the observed kinetics has
been lacking. In the present study we investigated the elimination of perfluorooctane sulfonate (PFOS) by rainbow trout confined to respirometer-metabolism
chambers. Six animals (700-1200 g) were surgically fitted with a renal catheter and
dorsal aortic cannula. Each was given a bolus intra-arterial dose of PFOS and sampled for 72 hours. Measured concentrations of PFOS in plasma decreased rapidly
from 0 to 8 hours followed by a slower log-linear decline. The data were subsequently analyzed using a two-compartment model simultaneously fitted to plasma
and urine values. The model parameters were: apparent steady-state volume of distribution - 196.7 ml/kg; renal clearance - 0.01 ml/hr/kg; total plasma clearance 1.4 ml/hr/kg; plasma half-life - 1.4 days. These results show that renal clearance was
insufficient to account for the observed rate of PFOS elimination from plasma.
Additional experiments were conducted to directly assess PFOS elimination across
the gills. The measured branchial clearance of 0.08 ml/hr/kg also was insufficient to
account for chemical loss from plasma. One explanation for these findings is that
the decrease in plasma concentration from 8 to 72 h was due primarily to PFOS
distribution from plasma to tissues. Ongoing kinetic studies are designed to test
this possibility. This abstract does not necessarily reflect EPA policy.

2522

USING YEAST FUNCTIONAL TOXICOGENOMICS TO
DECIPHER THE TOXICITY OF
ORGANOCHLORINATED PESTICIDES.

B. Gaytan1, A. Loguinov1, N. Denslow2 and C. Vulpe1. 1Nutritional Science and
Toxicology, University of California Berkeley, Berkeley, CA and 2Physiology, University
of Florida, Gainesville, FL.
Exposure to organochlorinated pesticides (OCPs) has been linked to neurotoxicity,
endocrine disruption, and cancer, but the cellular mechanisms of toxicity behind
these effects remain largely unknown. It was hypothesized that a chemical genomics
approach using a Saccharomyces cerevisiae gene deletion library could help elucidate the cellular mechanisms by which various OCPs induce toxicity. Pools of deletion strains were exposed in triplicate for five and fifteen generations to the IC20,
50% IC20, and 25% IC20 OCP concentrations. The oligo sequences unique to
each deletion strain were PCR-amplified and hybridized to TAG4 arrays to identify
sensitive, unaffected, and resistant strains. The overrepresented biological terms
within the data assisted in the selection of individual deletion strains for growth
curve experiments. It is demonstrated here that genes involved in transcriptional
elongation, nitrogen utilization, and amino acid sensing are necessary for resistance
to the toxaphene OCP, a profile very similar to that for the GMP synthesis inhibitors 6-azauracil and mycophenolic acid. Preliminary analyses for the dieldrin
OCP indicate that amino acid sensing and components of the pyruvate dehydrogenase complex are critical for cell survival under dieldrin exposure. Future investigations will refine the mechanism(s) in yeast and perhaps examine how the knockout
or knockdown of orthologs in higher organisms, such as C. elegans or human cell
lines, affects OCP toxicity.

2523

SHORT TERM PFOA ADMINISTRATION DOES NOT
MARKEDLY AFFECT KEY LIPOGENIC AND
ANTIOXIDANT GENE EXPRESSION IN ADIPOSE
TISSUE.

D. Salter1, J. Xu1, L. M. Aleksunes2 and A. L. Slitt1. 1Biomedical and
Pharmaceutical Sciences, University of Rhode Island, Kingston, RI and 2Department
of Pharmacology and Toxicology, Rutgers, Piscataway, NJ. Sponsor: N. Zawia.
Perfluorooctanoic acid (PFOA) is a perfluorinated carboxylic acid commonly found
in the environment. According to the EPA, low levels of PFOA are detectable in the
environment and in the blood of the general United States population. PFOA is a
highly lipophilic molecule with a long half-life. PFOA is a known liver toxicant, development toxicant, and carcinogen found in serum and tissues of wildlife and humans worldwide. Studies suggest that PFOA increases body weight of mice even at
low doses of 0.01mg/kg-0.30mg/kg. In another study, PFOA is considered an obesogen to mid-aged mice where insulin and leptin levels were altered at a very low
concentration. PFOA is a potent activator of Ppar-alpha contributing to oxidative
stress and fatty acid oxidation pathways in hepatocytes. Given its lipophilicity and
persistence, the purpose of this study was to evaluate whether PFOA treatment affects fatty acid oxidation, lipid synthesis, and antioxidant response gene expression
in adipose tissue. Adult male mice were treated with 1.0 or 3.0 mg PFOA/kg in
corn oil for 7 days. Adipose tissue was collected and total RNA was isolated.
Analysis of mRNA was completed by quantitative PCR. Results show findings of
no significant difference between the control group and the treatment groups.
Literature lacks data on PFOA in adipose tissue and in human health which continue to be discovered. Given its persistence, longer exposure periods and protein
expression changes should be examined.

2524

PCB126 INCREASES FAT MASS AND
ATHEROSCLEROTIC PLAQUES IN APOE–/–MICE.

M. La Merrill1, L. Roteta2, K. Saebo2, Z. A. Fayad2 and C. Buettner2, 3.
1Preventive Medicine, Mount Sinai School of Medicine, New York, NY, 2Medicine,
Mount Sinai School of Medicine, New York, NY and 3Neuroscience, Mount Sinai
School of Medicine, New York, NY.
Dioxin-like polychlorinated biphenyls (DL-PCBs) are ubiquitously found in the
environment and in humans. Evidence in humans indicates that DL-PCBs may
cause metabolic and cardiovascular toxicity, though the mechanisms through which
this may occur are unclear. To study the possible toxicity of PCB on metabolic and
cardiovascular functions, we orally exposed nine week old male atherosclerotic
ApoE-/- mice to 50 ng 3,3’,4,4’,5-pentachlorobiphenyl (PCB126)/g body weight
or olive oil control every week and a half for a total of seven doses. Mice were fed a
diet high in fat (45% kcal) for the duration of the study to promote metabolic and
cardiovascular stress. Although dietary intake was equivalent across treatment
groups, mice exposed to PCB126 had an over 50% increase in perigonadal and inguinal fat mass (p < 0.05) presumably due to a reduction in energy expenditure.
While fasting glucose levels trended to be higher in the PCB group, glucose tolerance was not altered. After the final dose, in vivo MRI imaging revealed that plaque
area in the perirenal aorta of mice exposed to PCB126 was more than doubled (p <
0.001). These preliminary findings are consistent with a role of DL-PCBs in increasing the risk of obesity and atherosclerosis in a mouse model of cardiovascular
disease.

2525

IMIDACLOPRID PRODUCES MINIMAL CHANGES IN
THE EEG OF LONG-EVANS RATS.

D. F. Lyke, K. L. McDaniel, V. C. Moser and D. W. Herr. TAD/NB, US EPA,
Durham, NC.
We have reported that the non-stimulus driven EEG is differentially altered by
deltamethrin or permethrin (Lyke and Herr, Toxicologist, 114(S-1):265, 2010) as
well as fipronil (Lyke and Herr, Toxicologist, 120(S-2):290, 2011). In the current
study, we examined the ability to detect changes in EEG activity produced by imidacloprid, a neonicotinoid pesticide that binds to nicotinic acetylcholine receptors.
Adult male Long-Evans rats were dosed with imidacloprid (po). A range-finding
study (n=4/dosage: 50, 100, or 200 mg/kg in 0.5% methycellulose / 0.4% Tween
80, v:v; 1 ml/kg) was conducted using observations of neurological sign. The data
suggested decreased open field rearing and mild to moderate tremors at 100 mg/kg
or greater. Maximal effects were evident about 2 hours after dosing. Additional rats
were implanted with epidural screw electrodes. After about 1 week recovery, nonrestrained animals were gavaged with vehicle and tested for 2 days for acclimation.
On day 3, the rats were dosed with vehicle, 50, or 100 mg/kg imidacloprid (n=1415/dosage) and tested 2 h later. EEG was recorded as 30 segments of 2 s durations,
transformed using a FFT, and the spectra averaged. Treatment with either 50 or 100
mg/kg imidacloprid did not significantly alter the EEG spectra. A decrease in alpha
amplitude and area (particularly between the visual cortex and frontal cortex; 3519% decrease) had approximately 40% power for detection at the p=0.05 level.
Approximately 23-57 animals/dosage would be required to detect these differences
with 80% power. These results were different from the decreased gamma activity resulting from treatment with fipronil, increased gamma activity following treatment
with permethrin, but similar to the lack of EEG changes after dosing with
deltamethrin. The data show that imidacloprid produced minimal changes in CNS
activity as measured by EEG, and the alterations may differ from some other pesticides. This is an abstract of a proposed presentation and does not necessarily reflect EPA
policy.

2526

CYTOTOXICITY INDUCED BY DELTAMETHRIN AND
ITS METABOLITES IN SH-SY5Y CELLS.

A. R. Anadón, E. Ramos, V. Castellano, M. A. Martinez, I. Ares, M. Martinez,
M. R. Martínez-Larrañaga and A. Romero. Department of Toxicology and
Pharmacology, Faculty of Veterinary Medicine, Complutense University, Madrid,
Spain.
Deltamethrin, an α-cyano pyrethroid insecticide widely used throughout the world
in agricultural applications, is a relatively potent neurotoxicant. Ester cleavage and
oxidation, primary at the 4’ position are the two major means of deltamethrin metabolism. Esterases catalyse hydrolysis of the ester bond to form relatively non-toxic
acid and alcohol moieties, whereas CYP450s catalyse aromatic hydroxylation of
deltamethrin at various positions the 2’ position and notably the 4’ position, followed by conjugation. Although some aspects of the toxicity properties of parent
compound deltamethrin have been reported in the scientific literature, limited information is available on the toxic actions of its metabolites. The aim of this study
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was to examine and characterize the neurotoxicity of the metabolites: 3-phenoxybenzoic acid (3-PBA), 2’-OH deltamethrin and 4’-OH-deltamethrin as well as the
parent compound deltamethrin. Of the three metabolites tested in human neuroblastoma SH-SY5Y cells, 3-PBA (0.01-1000 μM) did not show neurotoxicity.
However, the metabolites 2’-OH-deltamethrin and 4’-OH-deltamethrin (10-1000
μM) were more toxic than the parent compound deltamethrin (10-1000 μM). The
levels of both nitric oxide (NO) and lipid peroxides measured as malondialdehyde
(MDA) were found to be significantly increased in deltamethrin and 4’-OHdeltamethrin-treated cells. These results suggest that oxidative stress observed in
vitro is one of the major mechanisms of deltamethrin-induced neurotoxicity and it
may be attributed in part to the disposition and metabolism of this chemical. This
work was supported by projects Ref. BSCHGR58/08(UCM), Ref. No.
S2009/AGR-1469(CAM) and Consolider-Ingenio 2010 No.CSD2007063(MEC), Spain.

2527

DIFFERENTIAL STATE-DEPENDENT MODIFICATION
OF INACTIVATION-DEFICIENT RAT NAV1.6 SODIUM
CHANNELS BY PYRETHROID INSECTICIDES.

D. M. Soderlund and S. J. McCavera. Cornell University, Geneva, NY.
Pyrethroid insecticides disrupt nerve function by modifying the gating kinetics of
transitions between the conducting and nonconducting states of voltage-gated
sodium channels. Pyrethroids modify rat Nav1.6+β1+β2 channels expressed in
Xenopus oocytes in both the resting state and in one or more states that require
channel activation by repeated depolarization. The state dependence of modification depends on the pyrethroid examined: deltamethrin modification requires repeated channel activation, tefluthrin action is significantly enhanced by repeated
channel activation, and S-bioallethrin modification is unaffected by repeated depolarization. Use-dependent modification by deltamethrin and tefluthrin implies that
these compounds bind preferentially to open channels. We expressed Nav1.6Q3
+β1+β2 sodium channels in Xenopus oocytes to examine open channel modification directly. The Nav1.6Q3 construct contains a mutation in the inactivation gate
region that prevents fast inactivation and results in a persistently open channel.
Deltamethrin did not detectably modify Nav1.6Q3 channels in the closed state,
but prolonged depolarizations (up to 150 ms) caused a progressive increase in channel modification measured as the increase in the conductance of the pyrethroid-induced sodium tail current. Resting state modification by tefluthrin was increased
during long depolarizations. By contrast resting modification by S-bioallethrin was
not affected by prolonged depolarization. These studies provide direct evidence for
the preferential binding of deltamethrin and tefluthrin (but not S-bioallethrin) to
Nav1.6Q3 channels in the open state and imply that the pyrethroid receptor of
resting and open channels occupies different conformations that exhibit distinct
structure-activity relationships.

2528

A SINGLE DOSE OF SARIN AFTER A PROLONGED
EXPOSURE TO STRESS AND LOW DOSES OF
PYRIDOSTIGMINE BROMIDE (PB), DEET, AND
PERMETHRIN IN MALE RATS TRIGGERS
NEURODEGENERATION IN THE CEREBRAL CORTEX
AND HIPPOCAMPUS.

M. B. Abou-Donia1, A. A. Abdel-Rahman1 and A. K. Shetty2. 1Pharmacology and
Cancer Biology, Duke University Medical Center, Durham, NC and 2Medical
Research Services, Veterans Affairs Medical Center, Durham, NC.
To understand the potential mechanisms of neuronal deficits in veterans exposed
stress and chemicals during the Persian Gulf War, we investigated the effects of a
single exposure of sarin (50 μg/kg/day, i.m) on the adult male rat forebrain after a
28-day exposure to stress and low doses of PB (0.13 mg/kg, oral), N,N-diethyl mtoluamide (DEET, 40 mg/kg/day dermal), and permethrin (0.13 mg/kg/day, dermal). We quantified neuropathological alterations in four regions of the forebrain
(cingulate, motor and somatosensory cortices, and hippocampus) in rats treated
with: vehicle, restraint-stress, sarin, chemicals (PB + DEET + permethrin), stress +
sarin, stress + chemicals, Stress + sarin + chemicals. Exposure to chemicals + sarin,
and stress + chemicals + sarin caused a decreased forebrain-acetylcholinesterase
(ACHE) and plasma butyrylcholinesterase (BCHE) activities; increased forebrain
m2 muscarinic acetylcholine receptors; increased permeability of blood brain barrier (BBB); and diffuse neuronal cell death with reduced MAP-2 immunoreactivity
and increased glial fibrillary acidic protein (GFAP) immunoreactivity in the white
matter. Interestingly, the above changes were not observed in animals treated with
single treatments; chemicals, stress or sarin alone. Thus, a prolonged exposure to
chemicals (PB, DEET and permethrin), alone or in combination with stress exacerbates the vulnerability of adult rat forebrain regions responsible for motor, sensory,
learning and memory functions to sarin-induced neurodegeneration. (This study
was supported, in part by the U.S. Army Medical Research and Materiel Command
under contract project order DAMD 17-98-8027.
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‘OMIC EVALUATION OF REGION SPECIFIC CHANGES
INDUCED BY NONCHOLINERGIC
DIISOPROPYLFLUOROPHOSPHATE (DFP) EXPOSURE
IN FISCHER 344 RAT BRAIN.

D. A. Mahle1, 2, A. Soto1, V. T. Chan1 and N. V. Reo2. 1711 HPW/RHPB,
Wright-Patterson AFB, Dayton, OH and 2Wright State University, Fairborn, OH.
The mechanism of organophosphate (OP) induced inhibition of acetylcholinesterase and subsequent excitotoxicity is well described. However, exposure
to OPs at non-cholinergic doses has been reported to cause aberrations in neuronal
development, cellular signaling and deficits in cognitive behavior and spatial memory, though little is known about the mechanisms of action. Here an integrated approach using both metabolomic and genomic techniques was used to reveal some of
the non-cholinergic effects of DFP in rat brain. Adult male Fischer 344 rats were
administered 1 mg/kg DFP or saline (control) via subcutaneous injection at 10
mL/kg. Animals were euthanized at 0.5, 1, 2, 12, 24 and 48 hr post dose. Brains
were removed and cortex, cerebellum, hippocampus and brainstem were collected.
All brain regions reached minimum AChE activity (40-55%) at 1-2 hr post dose
with the exception of cortex, which had minimum activity at 12 hr post dose. Total
RNA was isolated from each region for differential gene expression analysis using
the Affymetrix 1.0 ST gene array at 1 hr post dose. Lipid and aqueous extracts were
prepared from each brain region at 2 hr post dose, and profiles of small molecule
metabolites, lipids and phospholipids were measured using multinuclear NMR
spectroscopy. Cortex showed the most changes in the lipid profile with significant
decreases in phosphatidylcholine, phosphatidylethanolamine, cholesterol, ω-3 and
ω-6 fatty acids. The mitochondrial phospholipid cardiolipin was significantly decreased after 2 hr in brainstem. After 1 hr pathways associated with prostaglandin
D2 synthesis were up regulated in cortex. Brainstem showed an increased expression of genes associated with an inflammatory response and ascorbate transport. By
evaluating the impact of low level OP exposure on the metabolic profile of specific
brain regions, we hope to gain a greater understanding of the noncholinergic mechanisms of action and sensitive target areas of OPs.

2530

DELINEATION OF OPTIC NERVE INJURY IN DFPINDUCED OPIDN IN HENS.

T. V. Damodaran1, 2, 3, M. K. Attia2 and M. B. Abou-Donia2. 1Biology, North
Carolina Central University, Durham, NC, 2Pharmacology and Cancer Biology,
Duke University Medical Center, Durham, NC and 3Medicine, Duke University
Medical Center, Durham, NC.
Organophosphorus-ester induced delayed neurotoxicity (OPIDN) is a neurodegenerative disorder characterized by ataxia progressing to paralysis with a concomitant
central and peripheral, distal axonapathy. Diisopropylphosphorofluoridate (DFP)
produces OPIDN in the chicken that results in mild ataxia in 7–14 days and severe
paralysis as the disease progresses with a single dose. White leghorn layer hens were
treated with DFP (1.7 mg/kg, sc) after prophylactic treatment with atropine (1
mg/kg, sc) in normal saline and serine (1 mg/kg, sc) in dimethyl sulfoxide. Control
groups were treated with vehicles. The hens were euthanized at different time
points such as 1, 2, 5, 10 and 20 days. The optic nerve and retinal tissues were
processed for enzymology and differential staining techniques. Staining with
Siever-Munger, Haematoxylin-Eosin, and Solochtome cyanine were employed to
study the structure and integrity of nerve fibers, neuronal & glial cell morphology,
and myelin structure & integrity respectively. Quantitation and semi-quantitation
of enzyme data and histological data respectively indicated distinct changes in the
treated ocular tissues of the hens. The optic nerve of the control animals contained
many fasiculi divided by delicate processes of the astrocytes. Each fasiculus consisted of numerous myelinated fibers. The treated optic nerve tissue started showing
signs of neurodegeneration and axonal injury at a much later stage of OPIDN development (at 10 days), as compared to the severely affected tissues such as spinal
cord and cerebellum (at 3 days and beyond). These changes include the following:
a) Thickening of nerve fibers, b) increased level of myelin breakdown, c) increased
level of glial proliferation, d) inhibition of acetyl cholinesterase in the optic nerve of
the DFP-treated hens. Thus, optic nerve injury in DFP-induced OPIDN may be
one of the factors in the overall development of syndromic features associated with
this form of neurodegeneration.

2531

LOCOMOTIVE ACTIVITY UPON ACUTE EXPOSURE
TO MALATHION IN C. ELEGANS.

J. Adcock, R. Williams and M. J. Pomeroy-Black. Biology, LaGrange College,
LaGrange, GA.
Malathion is a broad-spectrum organophosphate insecticide widely used residentially and in agriculture. Malaoxon, an active metabolite of malathion, inhibits
cholinesterase thereby causing neurotoxic effects. Upon use, malathion is intro-

duced into the soil and water of the surrounding environment and is highly toxic to
aquatic organisms. Its toxicity to soil organisms is unknown. Neurotoxic effects of
several organophosphates have been documented in the soil nematode,
Caenorhabditis elegans. We hypothesized that there would be a dose- and time-dependent decrease in locomotive activity in C. elegans exposed to malathion. To test
this hypothesis, we exposed C. elegans to K-medium with or without malathion
(0.15 μM, 0.2 μM, or 0.3 μM) for 0.5, 1.5, 4, and 24 hours. We counted the number of front body bends as a measure of the rate of locomotion. The data indicate
that C. elegans exposed to 0.3 μM malathion exhibited significantly less locomotive
activity within 1.5 hours of exposure. Nematodes exposed to 0.15 μM and 0.2 μM
malathion demonstrated a gradual increase in locomotive activity, up to 4 and 1.5
hours respectively, which rapidly decreased thereafter. The results support our hypothesis and suggest that malathion is neurotoxic to C. elegans at concentrations
lower than 0.15 μM.

2532

DICHLOROVS INDUCED NITROSATIVE STRESS
RESULTS IN MICROGLIAL ACTIVATION AND
APOPTOTIC CELL DEATH AND ITS ATTENUATION BY
SUPEROXIDE DISMUTASE MIMETIC, TEMPOL.

A. Sunkaria, D. R. Sharma, W. Y. Wani and K. D. Gill. Biochemistry, PGIMER,
Chandigarh, India.
Dichlorvos, an organophosphate, is known to cause oxidative stress in central nervous system (CNS). Previous study from our lab has shown chronic dichlorvos exposure lead to neuronal cell death. Several studies have established mechanisms of
dichlorvos neurotoxicity but still it is not clear how dichlorvos affects the individual
cells of the CNS. In CNS, microglia are the key cell type which respond to toxic insults and have been implicated in the pathology of various neurodegenerative diseases. Here, we investigated how dichlorvos treatment affects the microglia in terms
of growth and proliferation ex vivo. Primary microglial cells were isolated from 1
day old Wistar rat pups and treated with 10 μM (1/3rd I.C.50) dichlorvos. We observed significant decline in the viability and increased nitric oxide (NO) production after dichlorvos treatment. Dichlorvos treatment also resulted in activation of
microglial cells and induction of various pro-inflammatory molecules like TNF-α
and IL-1β. Further, dichlorvos treatment resulted in G2/M cell cycle arrest which
might be responsible for p53 mediated activation of apoptosis in microglia. Pretreatment of microglial cells with superoxide dismutase mimetic, tempol (50 μM)
prevented NO production. Further, it ameliorates the production of pro-inflammatory cytokines and prevented the accumulation of microglia in G2/M phase.
Tempol pre-treatment also showed significant decline in the number of apoptotic
microglia. Taken together the results of the present study suggest that dichlorvos
may lead to p53 mediated microglial apoptotic cell death via enhanced production
of NO, which can be attenuated by pre-treatment with tempol.

2533

MOLECULAR MECHANISM OF DICHLORVOS
NEUROTOXICITY: OXIDATIVE STRESS-INDUCED CYT
C RELEASE AND APOPTOSIS.

K. D. Gill, A. Sunkaria, P. Kaur and B. Balachandran Krishnamma. Biochemistry,
PGIMER, Chandigarh, UT, India.
Organophosphate (OP) compounds are potent neurotoxic chemicals that are
widely used in medicine, industry and agriculture. Dichlorvos is an OP used
throughout the world as an insecticide. Recent literature indicates that chronic exposure to OP compounds causes delayed neuronal cell death that involves free radical generation (ROS). These compounds also cause mitochondrial damage/dysfunction which results in generation of ROS, ultimately leading to oxidative stress.
Brain is the most susceptible organ to peroxidative damage because of high oxygen
tension, low mitotic rate, high lipid content and low concentration of antioxidants.
Considering the wide use of dichlorvos and susceptibility of brain to peroxidative
damage, in the present investigation we studied the effects of chronic dichlorvos exposure induced mitochondrial oxidative stress and its role in inducing apoptotic
neuronal cell death. Animals (male albino Wistar rat strain) were given 6mg/kg
body weight of dichlorvos/day/sc for 12 weeks. We observed significant decrease in
the activity of superoxide dismutase (SOD) accompanied by a decrease in the value
of lipid peroxidation. Dichlorvos exposure also resulted in a significant decrease in
glutathione peroxidase activity. The decreased level of both reduced and oxidized
glutathione as observed in dichlorvos exposure affected the GSH/GSSG ratio. All
these events of oxidative damage caused damage of mtDNA, release of cytochrome
c from mitochondria and activation of caspase 3. Thus, the present study suggests
that chronic OP exposure may have the potential to disrupt cellular antioxidant defense system which may in turn trigger the release of cytochrome c and ultimately
neuronal cell death by apoptosis that may contribute to its neurotoxic manifestations.

2534

IMPROVING IN VITRO TO IN VIVO EXTRAPOLATION
(IVIVE) BY INCORPORATION OF TOXICOKINETIC
MEASUREMENTS: A CASE STUDY WITH LINDANE
INDUCED SEIZURES.

E. Croom, T. J. Shafer, W. R. Mundy, A. F. Johnstone, C. M. Mack, B. L.
Robinette and R. A. Pegram. US EPA, ORD, NHEERL, Durham, NC.
In vitro toxicokinetic assessments are needed to maximize the capability of in vitro
toxicity assays to predict in vivo outcomes. The purpose of this study was to determine the in vitro distribution of lindane, a non-competitive GABAA receptor antagonist, in rat primary neocortical neuron cultures and characterize its concentration dependent effects on neural network activity as measured with microelectrode
arrays (MEAs). These data were then compared to published in vivo blood and
brain lindane concentrations associated with seizures. Using “faux MEAs” (identical
culture dishes, but with no electrodes), the time (5-120 min) and concentration
(0.1-250 μM) dependent accumulation of lindane into the neurons and the
amount of lindane in the media and wells was determined by GC-μECD.
Approximately 70% of the lindane was in the media while the amount in the cells
never exceeded 5%. After the media and cells were removed, ~15% of the total applied dose was recovered from the wells when fresh media was added. Lindane accumulation in the cells was time and concentration dependent. Cell lindane levels
were ~20-fold higher than the media concentration at the EC50, which was determined to be 1.9μM (0.58μg/ml) for an increased mean spike rate of spontaneous
network electrical activity in rat primary neurons cultured on MEAs. The human
(0.2-1.2 μg/ml) and rat (1.7-1.9 μg/ml) blood lindane levels associated with
seizures were similar to the actual effective media levels determined in these experiments (0.4 μg/ml at the EC50). The published rat brain lindane levels associated
with seizures in vivo (5-11 μg/ml) were also similar to levels detected in the cells at
the EC50 dose (11.1 μg/ml). These findings indicate that careful in vitro toxicokinetic measurements can greatly facilitate IVIVE and that in vitro MEA results are
predictive of the in vivo dose-response neurotoxicity of lindane in rodents and humans. (This abstract does not reflect US EPA policy.)

2535

THE ORGANOCHLORINE INSECTICIDES LINDANE,
DIELDRIN AND THEIR BINARY MIXTURE DISTURB
CALCIUM HOMEOSTASIS IN DOPAMINERGIC PC12
CELLS.

H. J. Heusinkveld and R. H. Westerink. Neurotoxicology Research Group, Institute
for Risk Assessment Sciences, University of Utrecht, Utrecht, Netherlands.
Persistent organochlorine (OC) pesticides, like dieldrin (HEOD) and lindane (γHCH), are still abundant in the environment and often found concurrently in biological samples. Exposure to these insecticides has previously been linked to neurodegeneration and the occurrence of Parkinson’s disease. Primary adverse effects of
these organochlorines are at least partly mediated via inhibition of postsynaptic
GABAA and glycine receptors, though lindane-induced GABA-independent effects
on calcium homeostasis and dopaminergic neurotransmission have also been reported. As calcium plays a pivotal role in neuronal function and survival, this study
aimed at investigation of GABA-independent effects of dieldrin and the binary
mixture of dieldrin and lindane on cell viability and on the intracellular calcium
concentration ([Ca2+]i).
We demonstrate that cell viability, measured using a Neutral Red assay, was moderately reduced by a binary mixture of lindane and dieldrin, though only at high concentrations. However, real-time measurements of [Ca2+]i in Fura-2-loaded single
PC12 cells using fluorescence microscopy demonstrated that dieldrin time- and
concentration-dependently inhibit depolarization-evoked influx of Ca2+ already at
nanomolar concentrations. Importantly, co-exposure of PC12 cells to a mixture of
dieldrin and lindane revealed an additive inhibition of the depolarization-evoked
increase in [Ca2+]i. In contrast to lindane, dieldrin did not increase basal [Ca2+]i.
In fact, the lindane-induced increase in basal [Ca2+]i is inhibited by dieldrin.
The combined findings indicate that dieldrin and binary mixtures of organochlorines affect [Ca2+]i already at concentrations below commonly accepted effect concentrations and close to human internal dose levels. Consequently, current risk assessment for dieldrin and mixtures of OC insecticides may need to be re-evaluated.

2536

THE ROLE OF MICROTUBULE ON
DITHIOCARBAMATE CYTOTOXICITY.

E. Gonzalez-Lopez and S. Cheng. Sciences, John Jay College, New York, NY.
Environmental factors have been associated with the pathogenesis of neurodegeneration. Manganese ethylene-bis-dithiocarbamate compounds, Maneb (MB) and
Mancozeb (MZ), are fungicides that have been widely used in United States. These
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compounds can potentiate the presence of the dopaminergic neurotoxin 1-methyl4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) in vivo. However, the mechanisms
for those effects are not so clear. Dopamine transporter (DAT) is a protein known
to play a role in MPTP toxicity by transporting MPP+, the active metabolite of
MPTP, into dopaminergic neurons. Preliminary study from Cheng’s lab shows MB
and MZ increase the interaction of DAT and alpha-synuclein followed by increasing cell surface DAT expression which in turn enhances MPP+ cytotoxicity by increasing MPP+ uptake. Cytoskeleton is very important for DAT trafficking between cell membrane and cytosol. Disruption f the interaction of alpha-synuclein
with microtubules has been showed to enhance cell surface recruitment of DAT.
The aim of this study is to elucidate the role of microtubules in dithiocarbamate
synergistic toxic effects. The hypothesis of this toxic mechanism is that dithiocarbamates disrupt the cytoskeleton network leading to the interference of DAT trafficking. Rat pheochromocytoma (PC12) cells were used for this study.
Immunocytochemistry for microtubule network was performed after PC12 cells
treated with diethyldithiocarbamate (DDC, 75 uM), MB (20 uM) and MZ (20
uM) for 4 hours. The fluorescent images showed that DDC, MB and MZ all disturbed the cytoskeleton network, with MZ having shown sever depolymerization
on PC12 cells. Preliminary experiment showed pretreatment with microtubule stabilizer (Taxol, 100 nM) for 24 hours attenuated the synergistic effect of dithiocabamates on MPP+ cytotoxicity. Further studies will be needed to confirm the involvement of microtubule in dithiocarbamates inducedsynergistic effect on MPP+
toxicity and in the translocation of DAT induced by dithiocarbamates.

2537

THE CYTOTOXICITY OF MANGANOUS
ETHYLENEBISDITHIOCARBAMATE (MANEB) IN RAT
HIPPOCAMPAL ASTROCYTES: INVOLVEMENT OF
OXIDATIVE STRESS AND INTRINSIC APOPTOTIC
PATHWAY.

M. Akhtar and L. D. Trombetta. Pharmaceutical Sciences, St. John’s University,
Queens, NY.
Maneb, a manganese containing ethylenebis[dithiocarbamate], is a broad-spectrum
fungicide commonly used to control plant diseases on food and feed crops.
Dithiocarbamates have been shown to produce reactive oxygen species (ROS), altering cellular antioxidant homeostasis that can lead to oxidative stress. Extensive
research suggests that chronic exposure to manganese can lead to neurodegenerative
diseases, such as manganism. In addition, there are several lines of evidence suggesting that Maneb exposure may play a role in the development of Parkinson’s disease. Astrocytes play a critical role in normal brain physiology. In this study,
Maneb’s potential to induce oxidative stress and apoptotic cell death in rat hippocampal astrocytes was evaluated. Upon exposure to LC50 of Maneb (13.5 uM),
oxidative stress was confirmed by a significant increase in superoxide dismutase activity and total antioxidant status. An increase in total glutathione content was also
observed, including the level of glutathione thiol (GSH) and glutathione disulfide
(GSSG), whereas the GSH/GSSG ratio was significantly decreased. Maneb had no
significant effect on glutathione peroxidase (GPx) activity. Maneb-induced apoptosis was demonstrated by cellular externalization of phosphatidylserine and a significant release of cytochrome C at 12 hours of exposure. The intracellular manganese
and copper levels were significantly increased upon 13.5 uM of Maneb exposure.
Para-aminosalicylic acid, used as a potential manganese-chelating agent, had no
protective effect on Maneb toxicity.

activation of Nrf2 has been linked to neural cell protection against numerous toxicants; therefore, Nrf2 -/- mice treated with pro-oxidants, such as Maneb, should
show increased neurologic deficiencies. Animals were injected I.P., twice a week for
30 days, at 0, 15, 30, and 60mg of Maneb/kg body weight. Changes in body weight
were found to be significantly decreased in the Nrf2 -/- at the 30mg dose and decreased in both the Nrf2 (-/-) and Nrf2 (+/+) groups at the 60mg dose. In addition,
after 2 weeks of treatment Nrf2 (-/-) mice exhibited hind limb paralysis at the 30
and 60 mg/kg doses of Maneb. Levels of total glutathione were significantly decreased in the Nrf2 (-/-) by the 15mg and 60mg doses of Maneb. Inhibition of
SOD activity was significantly increased in Nrf2 (-/-) mice treated with 15 mg/kg.
Manganese concentrations were significantly increased in Nrf2 (-/-) mice as compared to Nrf2 (+/+) mice at the 30 and 60 mg/kg doses of Maneb. These results indicate that Maneb may induce neurotoxicity by overwhelming oxidative defense
mechanishms.

2539

MANEB AND MANCOZEB ACTIVATE NF-KAPPA B
SIGNALING PATHWAY.

C. Williams and S. Cheng. Sciences, John Jay College, New York, NY.
Environmental factors have been associated with the pathogenesis of neurodegeneration. Exposure to maneb (MB), manganese ethylene-bis-dithiocarbamate, has
been linked to the development of parkinsonian-like symptoms in agricultural
workers. Barlow et al. (2005) suggested MB has the ability to disrupt the antioxidant systems of dopaminergic cells. MB also can increase nitric oxide (NO) production by mediating inducible nitric oxide synthase (iNOS) activity. The production of excessive NO can generate reactive nitrogen species which in turn increase
oxidative stress. NO can act as second messenger molecule to control important
cellular processes by regulation of expression/activity of certain proteins such as
NF-kappa B. NF-kappa B induction and the activation of nitric oxide synthase
through ROS represent a proximate mechanism for Mn-induced neurotoxicity.
Since MB and mancozeb (MZ) both are Mn-containing compounds, it is interesting to know whether MB and MZ can activate NF-kappa B, thereby enhancing
MPP+ toxicity. In this study, PC12 cells were treated with MB (20 uM) and MZ
(20 uM) either alone or the combinations with MPP+ (500 uM) for 4 hours.
Western blot data showed the nuclear translocation of NF-kappa B p65 after MB
and MZ treatments. NF-kappa B-responsive luciferase Dual Glo reporter constructs were used and confirmed the activation (about 20% increases) of NF-kappa
B after MB and MZ treatments. Cells were also treated with NF-kappa B inhibitor
SN-50 (25 ug/ml) for 1 hour prior MB and MZ treatments to block the activation
of NF-kappa B. Cells pretreated with SN-50 showed significantly no cytotoxicity as
compared to no SN-50 pretreated groups. The results demonstrated that MB and
MZ activate NF-kappa B signaling pathway which is partially responsible for those
pesticides induced synergistic effects on MPP+ cytotoxicity. The confirmation of
NF-kappa B activation represents the first stage in elucidating a complete mechanism associated with neurotoxicity with potential application to the determination
of treatment strategies of neurodegenerative diseases such as Parkinson’s disease.

2540

EXPOSURE OF RAT HIPPOCAMPAL ASTROCYTES TO
ZIRAM INCREASES OXIDATIVE STRESS.

A. Matei and L. D. Trombetta. Pharmaceutical Sciences, St. John’s University,
Queens, NY.

2538

THE EFFECTS OF MANEB ON GLUTATHIONE AND
SOD ACTIVITY IN THE HIPPOCAMPUS OF NRF2(-/-)
MICE.

D. M. Kurzatkowski and L. D. Trombetta. Pharmaceutical Sciences, St. John’s
University, Queens, NY.
Maneb is an ethylene(bis)dithiocarbamate fungicide that is used to treat early and
late blights on potatoes and tomatoes, as well as a variety of other diseases of vegetables, fruits, and field crops. Maneb has been shown to control a wider range of
diseases than any other fungicide. Environmental exposure to this compound has
been implicated in the insult to oxidative stress systems. This study investigated the
neurotoxic effects of Maneb on the hippocampus of C57BL/Nrf2 (-/-; knockout)
and C57BL/Nrf2 (+/+; WT) mice. The transcription factor Nrf2 (nuclear factorerythroid 2-related factor 2) specifically binds to the antioxidant response element
(ARE). This binding, through heterodimerization with small Maf proteins, stimulates the transcription of a number of downstream genes, which induce the production of a number of cytoprotective proteins, including HO-1, GST, and Gclc. The
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Pesticides have been shown in several studies to be the leading candidates of environmental toxins and may contribute to the pathogenesis of several neurodegenerative diseases. Ziram (zinc-bis(dimethyldithiocarbamate)) is an agricultural dithiocarbamate fungicide that is used on a variety of plant diseases. It is also used as an
accelerator in rubber manufacturing, packaging materials, adhesives and textiles. In
spite of their generally acknowledged low toxicity, dithiocarbamates are known to
cause a wide range of neurobehavioral effects as well as neuropathological changes
in the brain. Dithiocarbamates are a family of highly reactive compounds due to
their metal combining capacity and their ability to interact with sulfhydryl-containing compounds. Astrocytes play a key role in normal brain physiology and in
the pathology of the nervous system. This investigation studied the effects of ziram
on rat hippocampal astrocytes. Cells were maintained in Dulbecco’s modified
Eagle’s medium supplemented with 10% FBS. Astrocytes were exposed to 1uM of
Ziram for one hour at 37 degrees C and then re-fed with complete media for 24
hours. Transmission electron microscopy showed the presence of numerous cytoplasmic lipid droplets and degenerating mitochondria which appeared swollen and
containing disarrayed cristae in the Ziram treated astrocytes when compared to
controls. Numerous membrane bound inclusion bodies and vacuoles containing
degraded structures were also seen in these cells. In addition, an increase of glu-

tathione peroxidase and a significant increase in oxidized glutathione were also observed in the Ziram treated cells as compared to control cells. The ratio of oxidized
to reduced glutathione calculated from the Ziram teated cells was also increased.
This data suggests that the cytotoxic effects observed in the Ziram treatments may
be related to the increase of oxidative stress.

(*p<0.05), and CN and LC75 (**p<0.001) populations. Taken together, these data
suggest that chronic exposure to TD (2% glyphosate) induces oxidative stress in C.
elegans, while acute exposure does not.

2543
2541

DUAL EXPOSURES OF A GLYPHOSATE-CONTAINING
HERBICIDE FOLLOWED BY A MANGANESE/ZINC
ETHYLENE-BIS-DITHIOCARBAMATE-CONTAINING
FUNGICIDE LEAD TO INCREASED OXIDATIVE
STRESS IN CAENORHABDITIS ELEGANS.

DOPAMINERGIC TOXICITY OF THE ATRAZINE
DEGRADATION PRODUCT
DIAMINOCHLOROTRIAZINE AND THE
THIOCARBAMATE PESTICIDES S-METHYL-N, NDIETHYLTHIOCARBAMATE (DETC), MOLINATE, AND
ETHYL N, N-DI-N-PROPYLTHIOLCARBAMATE (EPTC)
IN CAENORHABDITIS ELEGANS.

I. B. Snapp, K. A. McVey, R. Negga and V. A. Fitsanakis. Biology, King College,
Bristol, TN.

S. W. Caito1, 2, D. S. Avila1, W. M. Valentine2, 3 and M. Aschner1, 2. 1Pediatrics,
Vanderbilt University Medical Center, Nashville, TN, 2Center in Molecular
Toxicology, Vanderbilt University Medical Center, Nashville, TN and 3Pathology,
Vanderbilt University Medical Center, Nashville, TN.

Studies suggest a positive correlation between pesticide exposure and Parkinson’s
disease (PD), with post-mortem assessment indicating evidence of oxidative stress.
In light of these correlations, our working hypothesis was that exposure to two
commonly-used pesticides would lead to increased oxidative stress in the model organism Caenorhabditis elegans (C. elegans). We replicated pesticide exposures using
TouchDown (TD), a glyphosate-containing herbicide, and Mancozeb (MZ), an
ethylene-bis-dithiocarbamate (EBDTC)-containing fungicide. Oxidative stress was
indirectly measured using the CL2166 worm strain, which has green fluorescent
protein (GFP) tagged to the glutathione-S-transferase (GST) gene, which is required for the synthesis of glutathione and aids in prevention of oxidative damage.
Following increases in oxidative stress, GST::GFP is known to be up-regulated in
C. elegans. As such, worms were first exposed to 2% glyphosate (as TD) for 30 minutes (acute), washed, and further exposed acutely to either 10%, 12% or 20%
Mn/Zn-EBDTC (as MZ), the LC25, LC50 or LC75, respectively.
Photomicrographs (n > 20 worms) were analyzed for fluorescence intensity, indicative of GST::GFP translation. One-way ANOVA demonstrated a statistically significant increase (***p < 0.001) in this intensity between all dual treatment groups relative to control. To determine whether up-regulation of GST::GFP was due to the
dual exposure or TD alone, a second paradigm was tested in which worms were
acutely exposed only to 2% glyphosate (as TD). One-way ANOVA demonstrated a
statistically significant increase (***p < 0.001) in fluorescence intensity in the three
dual treatment groups relative to 2% glyphosate (as TD) only, with TD similar to
control. Taken together, these data suggest that dual exposure to TD followed by
MZ increases oxidative stress in a non-dose-response manner in C. elegans, and the
observed up-regulation of GST::GFP may be due predominately to MZ exposure.

Parkinson’s disease (PD) is the second-most common neurodegenerative disease in
the United States, and is increasing in prevalence. PD is characterized by the loss of
neurons in the nigrostriatal pathway and dyskinesis, as well as non-motor effects.
Sporadic idiopathic PD is thought to develop through interactions between age, genetics, and environment, but exact mechanisms are unknown. Epidemiological
studies have supported an association of environmental pesticides and heavy metals
with an increased risk of PD. Atrazine and thiocarbamate herbicides are widely
used throughout the United States and are known neurotoxicants, however their affects on dopaminergic neurodegeneration are not well characterized. Due to their
genetic manipulability, a Caenorhabditis elegans model with GFP expressed under
the control of the dopamine transporter dat-1 (BY200 strain, Pdat-1::GFP) was
utilized, allowing for visualization of dopaminergic neurons after pesticide treatments in vivo. We hypothesized that treatment of C. elegans with either the environmentally persistent degradation product of atrazine, diaminochlorotriazine (DACT), or
with the thiocarbamate pesticides, S-methyl-N,N-diethylthiocarbamate (DETC), molinate, or ethyl N,N-di-n-propylthiolcarbamate (EPTC) would lead to dopaminergic
neurodegeneration. DETC was found to be the most toxic to C. elegans (LD50 of
0.1147 mM), followed by EPTC (LD50 of 0.1450 mM), molinate (LD50 of 1.199
mM), and DACT (LD50 of 1.648 mM). Visualization of dopaminergic neurons
using fluorescent microscopy revealed weak intensity of GFP fluorescent cells in
worms treated with DETC or DACT as compared to control, which was confirmed
by immunoblot analysis for GFP. These data suggest that carbamate pesticides and
atrazine may contribute to loss of dopaminergic functioning.

2544
2542

EXPOSURE TO GLYPHOSATE CONTAINING
HERBICIDES LEADS TO OXIDATIVE STRESS IN
CAENORHABDITIS ELEGANS.

K. A. McVey, I. B. Snapp, R. Negga and V. A. Fitsanakis. Biology, King College,
Bristol, TN.
Epidemiological studies show a positive correlation between pesticide exposure in
agricultural populations and Parkinson’s disease (PD), suggesting that applicators
and their families may be vulnerable to increased neurodegeneration following exposure. As postmortem examinations of PD patents demonstrate increased oxidative stress, we wanted to investigate whether exposure to a common glyphosatecontaining herbicide, TouchDown (TD) leads to increased oxidative stress in the
model organism Caenorhabditis elegans (C. elegans). These studies were completed
in the CL2166 C. elegans strain, which has green fluorescent protein (GFP) tagged
to the enzyme glutathione-S-transferase (GST). GST is required for the synthesis of
glutathione, an antioxidant which assists in detoxication of reactive oxygen species.
Translation of GST::GFP in C. elegans can be monitored via fluorescence microscopy. In the first study, worms were acutely exposed to the LC25, LC50 or
LC75 of TD for 30 min, equivalent to 10.8 human weeks. The second study involved a 24-hour (chronic) exposure to the LC25, LC50 or LC75 of TD, corresponding to 10.5 human years. Both the fluorescence intensity and size of the
worms were analyzed. One-way ANOVA of fluorescence intensity indicated an
overall p-value=0.0001 in chronically treated worms. Bonferonni’s post-test further
showed statistically significant increases between control (CN) and LC50
(**p<.001) and CN and LC75 (**p<0.001) worms. Interestingly a statistically significant decrease in size was detected between CN and LC75 (*p<0.01), LC25 and
LC50 (^p<0.05), and LC25 and LC75 (^^^p<0.001) chronically treated worms.
Finally, in the acute paradigm, one-way ANOVA indicated a statistical significant
(***p<0.001) decrease in size, with no statistically significant changes in intensity.
Bonferonni’s post-test demonstrated this decrease occurred between CN and LC25

BEHAVIORAL AND NEUROCHEMICAL ALTERATIONS
CAUSED BY A SHORT-TERM EXPOSURE OF MALE
C57BL/6 MICE TO THE HERBICIDE ATRAZINE.

Z. Lin1, 2, C. A. Dodd1 and N. M. Filipov1, 2. 1Physiology and Pharmacology,
University of Georgia, Athens, GA and 2Interdisciplinary Toxicology Program,
University of Georgia, Athens, GA.
Excessive exposure to the widely used herbicide atrazine (ATR) affects multiple
organ systems, including the brain, dopamine (DA) circuitry in particular.
Therefore, ATR could potentially be one of several pesticides linked to the etiology
of neurodegenerative disorders affecting DA, like Parkinson’s disease. The present
study aimed to investigate effects of short-term oral exposure to a dose-range (0, 5,
25, 125, or 250 mg/kg/day) of ATR on behavioral, neurochemical, and molecular
indices of toxicity in adult male C57BL/6 mice. The experimental paradigm included open field, pole and grip tests (day 4), novel object recognition (NOR) and
forced swim tests (day 9), followed by tissue collection 4 h post dosing on day 10.
After 4 days of exposure, ATR decreased locomotor activity (125 or 250 mg/kg)
and the average grip strength (250 mg/kg). On day 9, ATR-exposed mice exhibited
dose-dependent decreased performance in the NOR test (≥ 25 mg/kg) and spent
more time swimming during the forced swim test (125 or 250 mg/kg). Striatal DA
homeostasis was the most sensitive neurochemical target to ATR, i.e., ATR increased striatal DA and DA turnover (its metabolite HVA and the HVA/DA ratio;
125 or 250 mg/kg). In the prefrontal cortex, DA was not affected by ATR; however,
DA turnover and norepinephrine were increased (125 or 250 mg/kg). ATR also increased the serotonin metabolite 5-HIAA in both the striatum (125 or 250 mg/kg)
and prefrontal cortex (125 mg/kg). At the protein level, no change in the expression
of key proteins associated with striatal DA homeostasis (TH, DAT, VMAT-2) by
ATR was found; immunohistochemical (striatum) and qPCR (substantia nigra)
analyses are ongoing. At present, these results indicate that, in part resembling
ATR’s effects in longer exposure paradigms, short-term ATR exposure targets
monoamine pathways, especially striatal DA, and alters both motor and cognitive
behaviors, with performance in the NOR behavioral test being the most sensitive
affected by ATR.
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2545

CHARACTERIZATION OF
TETRAMETHYLENEDISULFOTETRAMINE (TETS)
TOXICITY IN MICE.

C. N. Banks1, D. Zolkowska2, A. Dhir2, B. Inceoglu3, J. R. Sanborn3, M. R.
McCoy3, D. A. Bruun1, B. D. Hammock3, M. A. Rogawski2 and P. J. Lein1.
1Molecular Biosciences, University of California Davis, Davis, CA, 2Neurology,
University of California Davis, Sacramento, CA and 3Entomology, University of
California Davis, Davis, CA.
Tetramethylenedisulfotetramine (TETS) is a potent rodenticide that causes severe
convulsions. Although TETS is banned worldwide, it continues to be used illicitly
in some regions and intentional and accidental human poisonings still occur. TETS
is thought to elicit seizures via noncompetitive inhibition of GABAA receptors.
There is no antidote for TETS poisoning, and treatments are mainly supportive to
reduce seizures. The goal of this study was to develop a rodent model of TETS intoxication. Using young adult male Swiss mice, we observed that oral and intraperitoneal administration of TETS caused dose-dependent immobility, myoclonic body jerks, clonic seizures of the forelimbs and/or hindlimbs, tonic seizures,
and death. The oral CD50 (median convulsive dose) for clonic and tonic seizures
was 0.11 and 0.22 mg/kg respectively. The LD50 was similar to the CD50 for tonic
seizures. In contrast to the GABAA receptor antagonist pentylenetetrazol, repeated
subthreshold doses of TETS failed to enhance sensitivity to seizures (“kindling”).
Sublethal doses of TETS that produced clonic but not tonic seizures did not cause
observable brain damage as demonstrated with Fluoro-Jade B staining. However,
immunohistochemical analyses of cortex and hippocampus revealed transient increases in the neuroinflammatory biomarker glial fibrillary acidic protein (GFAP)
after 2 days, and increased microglial activation after 1 day, with levels returning to
baseline at 7 days. These data suggest that the convulsant action of TETS may involve mechanisms other than GABAA receptor inhibition, and that even sublethal
concentrations cause delayed brain inflammation. This work was supported by
NIH NINDS R21 NS072094.

2546

GENE EXPRESSION ARRAY, HIGH-PERFORMANCE
METABOLIC PROFILING AND THIOL ANTIOXIDANT
OXIDATION CHARACTERIZE DIVERGENT
MECHANISMS OF PARAQUAT AND MANEB
NEUROTOXICITY IN THE LOCUS COERULEUS.

J. Roede, K. Gandhi, M. Krishnamoorthy, V. Tran and D. P. Jones. Medicine,
Emory University, Atlanta, GA.
Degeneration of noradrenergic neurons of the locus coeruleus (LC) can precede
and surpass dopaminergic neuron degeneration in Parkinson’s disease, yet there is
little understanding of the underlying mechanisms affecting the LC. This study investigates the toxic mechanisms of paraquat (PQ) and maneb (MB) in a model of
pesticide-mediated locus coeruleus degeneration. Investigation of thiol-containing
antioxidant systems revealed that PQ caused an oxidation of cellular glutathione,
peroxiredoxin 1 and 3 and thioredoxin 2; however, maneb did not cause oxidation
of these systems. Results from gene expression array analyses showed that MB had a
greater affect on gene induction by inducing 10-15 times more genes compared to
PQ. In addition to common stress-induced genes, like p21, robust induction was
observed for metallothionein, heme oxygensase 1, dna-inducible transcript 3 and
tribbles homolog 3. Ingenuity Pathway Analyses showed specific networks of genes
that are indicative of PQ or MB toxicity. Additionally, high-performance metabolic
profiling revealed a greater number of metabolic features altered by MB compared
to control and PQ. Taken together, these data provide mechanistic insight relating
to PQ and MB neurotoxicity and demonstrate that these two toxic agents act
through divergent mechanisms.

2547

PARAQUAT AFFECTS THE HOMEOSTASIS OF
DOPAMINERGIC SYSTEM IN PC12 CELLS.

D. Lou1, 2, W. Li3, Q. Zhao1, E. Faustman2 and Z. Zhou1. 1Department of
Occupational Health Science and Toxicology, Fudan University, Shanghai, China,
2Department of Environmental and Occupational Health Sciences, Institute for Risk
Analysis and Risk Communication, Seattle, WA and 3Institute of Planned Parenthood
Research, Shanghai, China.
The broad application of paraquat (PQ) has given rise to wide public concern on its
potential to damage the nigrostriatal dopaminergic system because its chemical
structure closely resembles that of the well-known dopaminergic neurotoxicant
MPP+. However, little is known about the relevance of dopamine homeostasis
changes in response to PQ exposure as the underlying mechanism of the neurotoxicity. We used PC12 cell, a popular in vitro cell model system for characterizing
dopaminergic neuron to examine the effects of PQ on the dopamine homeostasis.
After 24 hours treatment with different concentrations of PQ (from 0 to 1000
μmol/l), MTT tests showed that cell viability decreased with the increase of PQ
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concentrations. Flow cytometry analysis also showed that PQ induced cell apoptosis in a dose-dependent manner. Enzyme-linked immunosorbent assay revealed that
the intracellular dopamine content increased after PQ treatment. The mRNA expressions of genes associated with dopamine synthesis (TH), storage (VMAT2),
transportation (DAT and D2R) and degradation (MAO) were assessed using realtime PCR. Results showed that the expression of TH and COMT were unaffected
while the expression of MAO was suppressed after PQ treatment. In addition, exposure to PQ reduced the expression of VMAT2 but up-regulated the expression of
D2R. Moreover, the expression of DAT was up-regulated at low dose of PQ, and
then decreased at higher dose. These alterations of gene expression of MAO, D2R
and DAT are consistent with an increase of intracellular dopamine content.
Together, these findings suggest that PQ exposure can influence the dopamine
homeostasis, which may be partly related to the neurotoxicity of PQ.
(Supported by NSFC81072324)

2548

PARAQUAT PRIMES MICROGLIAL ACTIVATION AND
DOPAMINERGIC NEUROTOXICITY THROUGH NOX2
AND NF-κB P50.

M. L. Block, S. Levesque, A. Wagner, L. O’Brian and C. McGraw. Anatomy &
Neurobiology, Virginia Commonwealth University, Richmond, VA.
Chronic activation of microglia, the brain’s innate immune cell, is implicated in the
progressive loss of dopaminergic (DA) neurons in Parkinson’s disease (PD).
Paraquat, an herbicide linked to PD, exerts neurotoxic effects via microglia-derived
reactive oxygen species (ROS), and is reported to prime microglia to respond to additional neurological insult in a chronic, neurotoxic manner. However, very little is
known regarding the intracellular pathways underlying paraquat-induced microglia
priming. Here, we address how both NOX2 and NF-κB p50 are key to this process.
Analysis with an immuno-spin trapping ELISA revealed that paraquat (0.5μM) elevated protein radicals in microglia in vitro. Primary rat mesencepalic neuron-glia
cultures pretreated with paraquat (0.5μM) for 30 minutes followed by LPS (2.5
ng/ml) showed synergistic DA neurotoxicity at 9 days post treatment. Paraquat
(0.5μM) pre-treatment for 30 minutes followed by LPS (2.5 ng/ml) showed synergistic TNFα production in NOX2+/+ mouse mesencepalic neuron-glia cultures.
However, TNFα priming was absent in the NOX2-/- mouse mesencepalic neuronglia cultures. Mixed glia cultures pre-treated for 30 minutes with paraquat (0.5
μM) followed by LPS (2.5 ng/ml) showed synergistic TNFα production in NF-κB
p50+/+ cultures, but this priming was absent in the NF-κB p50-/- cultures. In vivo
data demonstrate that a single paraquat injection (10mg/kg, i.p.) was sufficient to
produce a deficit in motor performance on the accelerating rotarod in only the
NFkB p50-\- mice (7 days post-treatment) compared to saline controls, supporting
that NF-kB p50-\- mice may already be primed for paraquat effects. Further, immunohistochemistry analysis using the IBA1 marker revealed that microglia in NFκB p50-/- mice demonstrated a more activated morphology in response to
paraquat. Together, these data support that paraquat priming is mediated by
NOX2, ROS, and NF-κB p50.

2549

THE PARKINSON’S DISEASE-LINKED PESTICIDE,
ZIRAM, CAUSES SYNAPTIC DYSFUNCTION IN A
DROSOPHILA MODEL.

C. A. Remillard1, A. Barajas2, F. Schwiezer2 and D. Krantz2. 1Molecular
Toxicology Interdepartmental Program, University of California Los Angeles, Los
Angeles, CA and 2Semel Institute for Neuroscience, David Geffen School of Medicine,
University of California Los Angeles, Los Angeles, CA.
Parkinsons’s disease (PD) is a neurodegenerative disorder characterized by the loss
of dopamine neurons. The majority of PD cases are sporadic and their etiology is
poorly understood. Recent studies have linked an increased risk of contracting PD
with lifetime exposure to environmental toxins such as pesticides. In particular, the
pesticide ziram increases the likelihood of contracting PD up to three-fold.
Previous studies have shown that ziram inhibits E1 ubiquitin ligase (E1), the ubiquitin-activating enzyme required for the initiation of both polyubiquitination,
which tags proteins for degradation, and monoubiquitination, which modifies protein function. Thus, reducing E1 activity may have diverse effects and previous
studies have shown that acute inhibition of E1 by ziram alters both spontaneous
and evoked signaling at the synapse in primary neuronal cultures. However, the
how the molecular mechanisms that link ziram exposure to an increased risk of PD
in humans are not known. Our aim was to develop an in vivo model to examine
the link between ziram and PD. We used pHluorin imaging and electrophysiological techniques at the Drosophila neuromuscular junction to examine the effects of
E1 and proteasomal inhibition at the synapse. We show that treatment with ziram
and the proteasome inhibitor lactacystin results in defects in endocytosis and exocytosis, functions essential for the maintenance of proper neuronal health and signaling. Ongoing investigations are examining ziram’s link to PD by characterizing
the extent to which ziram induces synaptic dysfunction and identifying the molecular mechanisms involved.

2550

SODIUM (META) ARSENITE EXPOSURE EFFECTS ON
THE EARLY DEVELOPING RAT FETAL BRAIN: A
MORPHO-HISTOPATHOLOGICAL EXAMINATION.

M. Kuwagata1, 2, M. Senuma1, M. Furuya1, H. Takashima1, T. Ogawa2 and S.
Shioda2. 1Toxicology, Hatano Research Institute, Food and Drug Safety Center,
Hadano, Kanagawa, Japan and 2Anatomy I, Showa University School of Medicine,
Shinagawa, Tokyo, Japan.
The industrial chemical arsentine is candidate for inducing developmental neurotoxicity (DNT). In this study, we have examined the effects of sodium (meta) arsenite (AsNaO2; AS) on the developing rat fetal brain. Pregnant rats were treated
orally with AS via drinking water containing 50 mg/L, or via gavage with a dose of
20 mg/kg on gestation days (GD) 9 to 15, respectively. At GD16, the caesarian section was performed.
We detected AS contents in the maternal liver (ave. 25 ppm), placenta (ave. 26
ppm), and fetuses (ave. 8 ppm) including fetal brain (ave. 5 ppm), indicating that
AS is transferred to the fetal brain via the placenta. Further, the AS affected maternal body weight gain, including some biochemical landmarks LDH, triglyceride,
and ALP. However, the AS did not affect fetal body weight or fetal mortality.
Morphologically, using the coronal serial sections of fetal brain AS was not found to
induce excessive cell death. AS also did not affect the neural stem cell division or development of catecolamine neurons. Our results indicate that a high-dose of AS
does not induce any remarkable morpho-histopathological changes in the fetal
brain during early development. The results also suggest a possibility for existence
of a critical period of AS-induced DNT at later developmental stages.

2551

BIPHASIC EFFECTS OF LEAD ON ANGIOGENESIS
(AG): IMPLICATIONS FOR DEVELOPMENTAL
NEUROTOXICITY.

L. A. Shaiba1, S. A. Mousa2 and H. A. El-Fawal1. 1School of Health Sciences,
Albany College of Pharmacy and Health Sciences, Albany, NY and 2Pharmaceutical
Research Institute, Albany College of Pharmacy and Health Sciences, Albany, NY.
The elaboration of vasculature through AG is essential during neurogenesis. The effect of Pb on AG, as a contributing factor in developmental neurotoxicity was investigated using Pb, as acetate (12.5, 25, 50, 150, 100, 200 and 500 μM), compared to vascular-endothelium growth factor (VEGF) or fibroblast growth factor
(FGF) in the 10 day chick chorioallontoic membrane (CAM). Test concentrations
were placed on coverslips, added to the CAM and harvested after 3 days of incubation under optimal condition of O2/CO2 and humidity to quantify the perfusion
area (A) and number of branch points (B). Significant dose-dependent increases in
A and B at doses < 100 μM, and declines at higher doses were observed. New vessels were thin and tortuous. They evidenced micro-hemorrhaging at high doses.
The lack of patent vessel formation was not due to cytotoxicity as doses of Pb ranging from 0.1-1000 μM did not kill human endothelial cells. To confirm these findings, 100 μM of Pb was combined to matrigel with 106 MCF7-DXR tumor cells,
incubated with CAM and harvested after 7 days to determine tumor mass and hemoglobin (Hb) concentrations (mg/ml) as indices of AG. Pb treatment alone and
in the presence of MCF7-DXR significantly increased AG. Preliminary studies
with the αvβ3-integrin receptor blocker XT-199 failed to reverse Pb effects, suggesting an intracellular mechanism. The evidence of increased AG with Pb treatment,
relative to VEGF and FGF, suggests a Pb-induced hypoxic response and the induction of additional trophic mechanisms. This is consistent with reports of Pb-induced release of VEGF and hypoxia-inducible factor. In addition, Pb-induced
edema, contributing to encephalopathy, may be mediated by VEGF and VEGF receptor phosphorylation. These results suggest that although Pb may induce AG at
low doses, the patency of neovascularization is compromised, contributing to poor
perfusion, increased permeability and producing ischemic conditions in the developing brain.

2552

CNS EPIGENETIC CHANGES FOLLOWING
DEVELOPMENTAL LEAD (PB) EXPOSURE, PRENATAL
STRESS (PS), AND COMBINED PB+PS.

D. A. Cory-Slechta1, D. Weston1, H. Ishitobi1, W. Mettil2, D. Anderson2 and J.
S. Schneider2. 1Environmental Medicine, University of Rochester Medical School,
Rochester, NY and 2Pathology, Anatomy and Cell Biology, Thomas Jefferson University,
Philadelphia, PA.
Epigenetic changes could contribute to the overlapping cognitive and mesocorticolimbic impairments associated with Pb, prenatal stress (PS) and combined Pb+PS
and corresponding sex differences in these effects. This study explored hippocampal
glucocorticoid receptor epigenetic alterations in two rodent models: 1) mice given
continuous Pb (0 or 100 ppm water from 2 mos before breeding; dam blood Pb 5-

7 μg/dl), prenatal restraint stress (PS; 3x/day from estimated gestational days 1119), or Pb+PS; 2) rats given maternal Pb (0 or 50 ppm from 2 mos before breeding
to weaning, dam blood Pbs 7 μg/dl; pups 15 μg/dl at PND 5-6), PS (3x/day at gestational days 16-17), or Pb+PS. Hippocampus was collected at 2-3 mos of age.
Hippocampal mRNA or gDNA was extracted (Qiagen Qiacube) and glucocorticoid receptor gene Nr3c1 expression measured by RT-qPCR. Pyrosequencing was
undertaken for methylation analysis of Nr3c1 promoter proximal to the NGFI-A
domain (Qiagen PyroMark System). Hippocampal Nr3c1 mRNA expression levels
were significantly increased by combined Pb+PS but not by Pb or PS alone in female mice, consistent with enhanced effects of Pb+PS in combination. Analysis of
relative methylation levels on each CpG dinucletotide across the sequenced region
showed hypomethylation primarily in Pb and Pb+PS females, findings that may be
consistent with the increased transcriptional activation of the hippocampal Nr3c1
gene. Hypomethylation in males was associated with PS and Pb+PS. In female rats,
Nr3c1 mRNA expression levels were reduced by Pb, but not by PS, with the greatest reduction following Pb+PS, where expression levels were significantly lower
(30%) than control, PS and marginally from Pb groups. Male rat Nr3c1 expression
was not affected by Pb, PS or Pb+PS. These findings suggest that differential epigenetic alterations could contribute to sex differences in Pb±PS associated CNS effects. Grants RO1-ES015295 (JS) and ES05017 (DCS).

2553

DIFFERENTIAL INFLUENCE OF POSITIVE VS.
NEGATIVE LIFETIME BEHAVIORAL EXPERIENCE ON
THE CNS CONSEQUENCES OF CONTINUOUS LEAD
(PB) EXPOSURE, PRENATAL STRESS (PS) AND THE
COMBINATION.

D. Weston, X. Liu, K. Merchant-Borna, J. L. Allen and D. A. Cory-Slechta.
Environmental Medicine, University of Rochester Medical School, Rochester, NY.
Experimental models typically evaluate CNS effects of developmental insults in a
static capacity. The human post-birth environment is highly dynamic, however,
and all organisms undergo a variety of behavioral experiences that could either potentially enhance or ameliorate the consequences of early developmental insults.
This study examined how the specific nature of behavioral experience influenced
the CNS consequences of developmental exposure to Pb, prenatal restraint stress
(PS), and Pb+PS. Mice exposed to 0 or 100 ppm Pb from 2 mos prior to dam
breeding (blood Pb ~ 7μg/dl), to prenatal immobilization restraint stress (30 min
3x/day at 2 hr intervals to dams from approximate gestational days 11-19), or to
Pb+PS, were subjected to a behavioral trajectory after birth of experience that was
either negative (4 forced swim (FS) tests at 3 week intervals) or positive (food rewarded responding on a Fixed Interval (FI) schedule of reinforcement). Behavioral
experience broadly differentiated catecholamine levels of control offspring in hippocampus, frontal cortex, striatum and midbrain, particularly in males. Further,
Pb, PS and Pb+PS altered brain catecholamine levels differentially in relation to behavioral experience. For example, norepinephrine was increased only by Pb+PS in
frontal cortex, hippocampus, striatum and olfactory bulb in FI males, but by Pb
and by PS in FS males. Pb, PS and Pb+PS all increased striatal dopamine turnover
in FS males, whereas no changes occurred in FI males. These findings demonstrate
that the specific nature of lifetime behavioral experience can influence the ultimate
neurochemical consequences of developmental Pb, PS and Pb+PS exposures and
thereby also potentially modify the behavioral prognosis of early developmental insults. Elaborating the role of specific behavioral experiences in this capacity could
facilitate understanding of mechanisms, and provide guidance on behavioral therapeutic strategies. RO1-ES05017

2554

INVESTIGATION OF THE COMBINED
NEUROTOXICITY OF DEVELOPMENTAL IRON
DEFICIENCY AND LEAD EXPOSURE.

A. Greminger1, D. Lee3, D. Cory-Slechta1 and M. Mayer-Proschel2.
1Environmental Medicine, University of Rochester, Rochester, NY, 2Biomedical
Genetics, University of Rochester, Rochester, NY and 3Pathology, University of
Rochester, Rochester, NY.
Both iron deficiency (ID) and Lead (Pb) exposure are widespread public health
problems affecting children with similar risk factors as well as producing similar
neurotoxic effects on the developing CNS. Although studies of these insults singularly suggest the potential for enhanced toxicity in their combination, combination
studies have not been tested in biologically relevant animal models and consistent
data from human cohorts are lacking. The current study uses a rodent dietary
model to examine the possible synergism of ID and Pb-exposure during neurodevelopment. Deficits were measured in hematologic parameters, iron related protein
levels, cellular ultrastructural components and functional axonal conductivity.
Preliminary results show that unlike ID, Pb does not affect myelin basic protein levels in the auditory nerve at postnatal day (PND) 21, the peak of myelination.
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However, similar to ID, decreases in neuronal conduction velocity were noted with
Pb at PND40 suggesting that ID and Pb in combination have the potential to act
on neuronal conduction integrity in the developing CNS. Furthermore signaling
dysfunctions have been reported in the hippocampus with both insults singularly
that may correlate with learning and memory deficits observed in affected children.
For this purpose, an in vitro hippocampal neuron culture system that allows combining ID and Pb exposure was utilized to study neurotrophic signaling as an underlying mechanism of hippocampal dysfunction. Decreases in neurotrophic protein levels of whole-cell neuronal lysates were observed with ID, an effect also
reported with Pb indicating that disrupted neurotrophic signaling may play a role
in hippocampal dysfunction. Our data suggests that Pb and ID combined have the
potential to enhance toxicity to the developing CNS. Finally, these results can provide insight into defining better human cohorts as well as new therapeutic options
and supplementation strategies.

2555

INFLUENCES OF LEAD ON THE MALE AND FEMALE
HIPPOCAMPAL TRANSCRIPTOME: EFFECTS OF
DIFFERENT LEVELS OF EXPOSURE DURING
DIFFERENT DEVELOPMENTAL PERIODS.

J. Schneider, K. Talsania, R. Vadigepalli and D. Anderson. Pathology, Anatomy
and Cell Biology, Thomas Jefferson University, Philadelphia, PA.
Although the effects of lead (Pb) on the developing brain have been well studied,
there are still gaps in our understanding of how Pb affects the brain on a molecular
level to adversely influence brain development and function. The present study examined how the variables of duration, timing and dose of Pb exposure might interact with sex to affect the rat hippocampal transcriptome. Long Evans dams were fed
Pb-containing food (RMH 1000 with or without added Pb acetate: 0 ppm, 250
ppm, 750ppm) prior to breeding and stayed on the same diet through weaning.
Male and female pups were exposed to lead perinatally through postnatal day 25.
Other animals were exposed to the same doses of Pb but exposure started on postnatal day 1 and continued through postnatal day 45. In all cases, at weaning rats
were housed 4 to a standard cage and were otherwise handled similarly until they
were euthanized for collection of brain samples. Hippocampi were rapidly removed, frozen on dry ice and stored frozen until processed. Approximately 5-15μg
of total RNA was extracted from each sample for subsequent microarray analysis
(Affymetrix Rat Gene 1.0 ST Array). Gene expression data were analyzed using
Partek Genomics Suite and GeneGo software. There were 978 transcripts (409
unique genes) differentially expressed regardless of sex, dose and type of exposure.
Of these, 561 and 699 transcripts were differentially expressed in females and
males, respectively, regardless of dose or time of exposure. A greater number of transcripts were affected by perinatal exposure (741) vs. postnatal exposure (546), regardless of sex. Often, the greatest effect was seen at the 250 ppm exposure level. A
wide range of biological functions and pathways were affected, some common and
some unique across the conditions. These results suggest a profound effect of developmental Pb exposure, particularly low level exposure, on the hippocampal transcriptome that is modified by sex and timing of exposure. Supported by NIH
RO1-ES015295

2556

ROLE OF GENETIC VARIATION IN THE
PATHOGENICITY OF LEAD EXPOSURE: DIFFERENT
EFFECTS OF LEAD ON THE HIPPOCAMPAL
TRANSCRIPTOME IN RATS WITH DIFFERENT
GENETIC BACKGROUNDS.

D. Anderson, K. Talsania, R. Vadigepalli and J. Schneider. Thomas Jefferson
University, Philadelphia, PA.
Lead (Pb) is a potent developmental toxin and genetic factors may modify the outcome from Pb exposure. Some genes have been identified that may influence accumulation and toxicokinetics of Pb. However, there might also be as yet undefined
genetic factors that may lead to different outcomes from Pb exposure. Such differences may in part underlie the lack of a “behavioral signature” for Pb toxicity. The
present study examined how duration, timing and dose of Pb exposure may influence the hippocampal transcriptome in male or female rats of different strains
(Long Evans (LE), Fisher 344 (F-344), Sprague Dawley (SD)). Dams were fed Pbcontaining food (RMH 1000 with 0 ppm, 250 ppm, 750ppm Pb acetate) prior to
breeding and stayed on the same diet through weaning. Pups were exposed to lead
perinatally through postnatal day 25. In other animals exposure started on postnatal day 1 and continued through day 45. At weaning, all rats were housed 4 to a
standard cage and otherwise handled similarly until they were euthanized for collection of brain samples. Hippocampi were rapidly removed, frozen on dry ice and
stored frozen until processed. Approximately 5-15μg of total RNA was extracted
from each sample for subsequent microarray analysis (Affymetrix Rat Gene 1.0 ST

552

SOT 2012 ANNUAL MEETING

Array). Gene expression data were analyzed using Partek Genomics Suite and
GeneGo software. There were 978 transcripts differentially expressed regardless of
sex, dose and type of exposure in LE, 124 transcripts in F-344, and 79 transcripts in
SD. The greatest effect in LE was seen with the 250 ppm perinatal exposure in both
sexes. In comparison, the greatest effect in F-344 was seen in males with the 750
ppm postnatal exposure whereas in SD, the greatest effect was seen with 750 ppm
postnatal exposure in both sexes. A wide range of biological functions and pathways
were affected, some common and some unique across the strains. These data show
a significant role of genetic variation in the pathogenicity of Pb exposure.
Supported by NIH RO1-ES015295.

2557

EPIGENETIC MODIFICATIONS FROM
DEVELOPMENTAL LEAD EXPOSURE: INFLUENCES OF
SEX, EXPOSURE LEVEL, AND DEVELOPMENTAL
TIMING OF EXPOSURE.

K. Talsania, D. Anderson, R. Vadigepalli, Z. Wang and J. Schneider. Thomas
Jefferson University, Philadelphia, PA.
Numerous prenatal and post-natal factors can produce epigenetic modifications
(ex., changes in DNA methylation) that influence functional development of the
nervous system. Exposure to lead (Pb) may affect the epigenome at crucial stages of
prenatal or postnatal development. The present study examined possible influences
of sex, exposure level, and developmental timing of exposure of Pb in Long Evans
rats on genome-wide DNA methylation profiles, using Rat NimbleGen 3x720K
CpG Island Plus RefSeq Promoter Arrays. Dams were fed Pb-containing food
(RMH 1000 w/ 0ppm, 150ppm, 375ppm Pb acetate) prior to breeding and stayed
on the same diet through weaning. Male and female pups were thus exposed to lead
through postnatal day 25. Other animals had Pb exposure start on postnatal day 1
and continue until weaning. A third group had Pb exposure from postnatal day 1
through day 45. At weaning, all rats were housed 4 to a standard cage and all were
euthanized on day 45 when hippocampi were removed, frozen and stored until
processed. Genomic DNA was extracted on a Qiagen Qicube prior to being fragmented and enriched by Methylated DNA Immunonprecipitation and whole
genome amplification and hybridization to arrays. Preliminary analyses identified
approx. 15000 unique peaks, indicating differentially methylated promoters, across
all conditions compared to non-Pb exposed controls. All variables (i.e., sex, exposure level, developmental timing of exposure) significantly influenced gene promoter methylation profiles. Of particular interest, animals with the lowest Pb exposure level (150 ppm), showed significant changes in methylation of promoters
downstream to transcription start sites for genes related to key biological functions
such as estradiol metabolism, testosterone metabolism, retinoid metabolism, and
signal transduction. These data suggest that developmental Pb exposure can modify
the epigenome through DNA methylation in complex ways that depend on sex,
level of exposure and developmental period of exposure. Supported by NIH RO1ES015295.

2558

SYNERGISTIC EFFECTS OF DEVELOPMENTAL LEAD
(PB2+) EXPOSURE AND MUTANT DISRUPTED-INSCHIZOPHRENIA 1 (DISC1) ON BEHAVIORAL
ABNORMALITIES CONSISTENT WITH
SCHIZOPHRENIA: A GENE-ENVIRONMENT
INTERACTION STUDY.

B. Abazyan1, J. L. McGlothan3, S. Mori2, M. V. Pletnikov1 and T. R. Guilarte3.
Johns Hopkins University, Baltimore, MD, 2Radiology, Johns Hopkins
University, Baltimore, MD and 3Environmental Health Science, Columbia University
Mailman School of Public Health, New York, NY.
1Psychology,

Hypoactivity of glutamatergic NMDA receptors has been implicated in the pathophysiology of schizophrenia and related mental conditions. The developmental
neurotoxicant, lead (Pb2+), is a potent and selective antagonist of the NMDA receptor. Recent human studies have suggested an association between prenatal Pb2+
exposure and the increased likelihood of schizophrenia later in life. It is widely recognized that schizophrenia result from interactions between genetic and environmental factors. This study examined the neurobehavioral consequences of developmental exposure to low levels of Pb2+ in mice with inducible expression of mutant
DISC1 (mDISC1), a strong candidate gene disrupted by the chromosomal translocation and associated with schizophrenia and other major mental disorders in a
Scottish family. We predicted that mDISC1 and developmental Pb2+ exposure
would synergistically interact to produce schizophrenia-like neurobehavioral abnormalities. mDISC1 and control mice were raised and maintained on regular food or
food containing low levels of Pb2+. We evaluated schizophrenia-related behavioral
abnormalities in adult male and female mice. Although Pb2+ exposure produced increased anxiety in the elevated plus maze in control and mutant mice, significantly
increased locomotor activity was found in mutant mice only, with stronger effects

on female mutant mice. Both males and females mDISC1 mice exposed to Pb2+ exhibited impaired pre-pulse inhibition of the acoustic startle. No significant differences in the test for contextual or cue-dependent fear conditioning were found.
Our data indicate that developmental Pb2+ exposure and mDISC1 interact synergistically to produce schizophrenia-like behavioral alterations in mice, possibly by
affecting NMDAR neurotransmission. [supported by ES006189 ViCTER supplement to TRG]

2559

NMDA RECEPTOR-DEPENDENT BDNF-TRKB
SIGNALING AND MECP2 CHANGES IN DEVELOPING
HIPPOCAMPAL NEURONS BY PB2+: IMPLICATIONS
FOR AN ENVIRONMENTAL BASIS OF
NEURODEVELOPMENTAL DISORDERS.

K. Stansfield1, J. Pilsner2, Q. Lu3 and R. Wright3. 1EHS, Columbia University
Medical Center, New York City, NY, 2Division of Environmental Health Science,
University of Massachusetts, Amherst, MA and 3Department of Environmental
Health, Harvard University, Boston, MA.
The developing CNS is vulnerable to the toxic effects of lead (Pb2+) and we propose a working model that explains the interaction between Pb2+ and the NMDA
receptor and their influence on aspects of pre- and post-synaptic neuronal compartment. We have examined the effects of Pb2+ exposure on brain-derived neurotrophic factor (BDNF) signaling in hippocampal neurons in culture during the
period of synaptogenesis. We show that Pb2+ exposure not only decreases BDNF
gene and protein expression, but it also interferes with BDNF vesicle transport by
altering Huntingtin phosphorylation and these effects results in lower levels of extracellular mature BDNF. The effect of Pb2+ on BDNF gene expression was due to
a decreased of calcium-sensitive exon IV transcripts, an effect that was associated
with reduced phosphorylation and protein expression of the transcriptional repressor methyl CpG binding protein (MeCP2). Tropomyosin related kinase B (TrkB),
the cognate BDNF receptor and its phosphorylation were significantly decreased by
Pb2+ exposure with a concomitant increase in p75NTR receptor levels. Synapsin 1
is a presynaptic target of BDNF-TrkB signaling that controls vesicle movement
from the reserve pool to the readily releasable pool through phosphorylation-dependent regulation of synaptic vesicle–actin interaction. We found that the ratio of
Synapsin 1 phosphorylation to total Synapsin was markedly reduced by Pb2+ and
this effect may help explain the impairment in vesicular release documented by us
previously. In summary, our results provide evidence that Pb2+ disrupts developing
synapses by altering NMDAR-dependent BDNF-TrkB trans-synaptic signaling via
modifications in MeCP2 protein expression and phosphorylation with subsequent
changes in synaptic proteins and impairment in synaptic function [supported by
ES006189 to TRG]

2560

NEUROLOGICAL EFFECTS IN THE ZEBRAFISH
MODEL SYSTEM CAUSED BY A DEVELOPMENTAL
EXPOSURE TO LEAD.

S. M. Peterson, J. Zhang and J. L. Freeman. Health Sciences, Purdue University,
West Lafayette, IN.
Research on the detrimental effects resulting from a low dose developmental exposure to lead (Pb) continues to be relevant, as a threshold of toxicity has not been
demonstrated. Additional research has highlighted the possibility that late life effects can manifest as a result of developmental exposure to Pb. The zebrafish model
system was utilized to study the immediate and lifespan effects of developmental Pb
exposure. Microarray analysis was performed on embryos exposed to 100 ppb Pb
immediately following fertilization through 72 and 120 hours post-fertilization
(hpf ). Expression alterations at the earlier of the two time points demonstrated a
strong enrichment of genes involved in neurological development and function.
However, at 120 hpf, the expression alterations were not enriched with neurological
genes. These results are likely explained by the fact that during the earlier of the two
time points, the zebrafish brain is still developing, while being mostly matured at
the later point. These gene expression alterations were linked to changes in protein
levels of selected targets. A more detailed analysis of RELN, a gene which regulates
neuronal migration and synaptic plasticity, confirmed this pattern of expression,
with the degree of inhibition peaking around 60 hpf and returning to basal levels at
96 hpf. General morphologic measurements at these developmental time points
showed no observable difference in brain size. Additionally, no difference was observed in the number of apoptotic cells or the density of major axon tracts when assayed with immunohistochemistry. In order to determine if developmental Pb exposure caused subtle alterations that manifest in late life pathologies, fish exposed
to these conditions were raised to adulthood. Preliminary results indicate that gene
expression differences linked to neurological disease are found in the brains of these
fish at an age of 1 year. More detailed analysis is being performed by measuring the
presence of morphologic features and gene expression patterns of neurodegeneration in the adult brain.

2561

GENDER DIFFERENCES IN PARAOXONASE-2
EXPRESSION IN MOUSE PRIMARY STRIATAL
NEURONS AND ASTROCYTES.

G. Giordano1, L. J. Tait1, C. Furlong2, T. B. Cole2 and L. G. Costa1, 3.
1Department of Environmental & Occupational Health Sciences, University of
Washington, Seattle, WA, 2Division of Medical Genetics and Department of Genome
Sciences, University of Washington, Seattle, WA and 3Department of Human Anatomy,
Pharmacology, and Forensic Science, University of Parma, Parma, Italy.
The paraoxonase (PON) gene family consists of three members (PON1, PON2,
and PON3). While PON1 and PON3 are mainly synthesized in the liver and are
secreted in the plasma, PON2 is a ubiquitous intracellular enzyme, expressed in
most tissues, but not present in plasma. In the mouse brain, the highest levels of
PON2 are found in the nucleus accumbens, the substantia nigra and the striatum.
PON2 levels were higher in astrocytes than in neurons in all brain areas. While all
PONs are lactonases, one of their major roles is that of antioxidants. PON2 was
shown to protect CNS cells from oxidative stress, as evidenced by a high susceptibility of cells from PON2 knockout mice. We also found that in all mouse tissues
PON2 protein levels were higher in female animals. In primary striatal astrocytes
and neurons, PON2 levels in females were 4.8- fold and 2.5-fold higher, respectively. In accordance with the antioxidant role of PON2, the higher PON2 levels
protected striatal neurons and astrocytes of female mice from the toxicity of the oxidants H2O2 and DMNQ. Brain cells from male mice were more susceptible to the
toxicity of both compounds by 3.1 to 4.2-fold. We measured GSH levels in striatal
neurons and astrocytes from female and male. GSH levels did not differ between
cells isolated from the two genders, suggesting that the neuroprotective effect is due
to the differential PON2 expression. In mouse mixed-sex striatal astrocytes, estradiol exposure induced a significant dose dependent increase in PON2 expression.
In gender-specific cultures, after estradiol (100 nM) treatment, PON2 was significantly increased by 4.5-fold in male astrocytes and by 1.8-fold in female astrocytes.
Our findings suggest a sexually dimorphic susceptibility to oxidative stress-mediated neurotoxicity in the mouse CNS, due to a differential expression in PON2
(Supp. in part by ES04696).

2562

DIAZINON AND DIAZOXON IMPAIR ASTROCYTE
ABILITY TO FOSTER NEURITE OUTGROWTH.

D. M. Pizzurro1, G. Giordano1, K. Dao1 and L. G. Costa1, 2. 1Environmental and
Occupational Health Sciences, University of Washington, Seattle, WA and 2Human
Anatomy, Pharmacology and Forensic Science, University of Parma, Parma, Italy.
Increasing evidence from animal and epidemiologic studies suggests that
organophosphorus insecticides (OPs) are developmental neurotoxicants. The effects of the widely-used OP diazinon (DZ) and its active metabolite, diazoxon
(DZO), on neuronal differentiation have not been fully explored and are the focus
of this project. We have previously shown that astrocytes play a major role in fostering neurite outgrowth in neurons. We have also shown that oxidants impair the
neuritogenic ability of astrocytes. The overarching hypothesis of this project is that
by increasing oxidative stress in astrocytes, DZ and DZO may indirectly impair
neuronal development by disrupting glial-neuronal interactions. Sub-cytotoxic
concentrations of DZ or DZO (10 μM) caused a 2-fold increase in reactive oxygen
species (ROS) in primary rat cortical astrocytes compared to untreated controls.
Astrocytes previously exposed to DZ or DZO (0.1, 1, 10 μM) for 24 hr were incubated with primary rat hippocampal neurons for an additional 24 hr, and neurite
outgrowth was measured morphologically. A 50% decrease in the length of the
longest neurite was observed in neurons incubated with astrocytes previously exposed to 10 μM DZ or DZO, as compared to untreated controls. This effect was
prevented when astrocytes were pre-treated with the antioxidants melatonin and Nt-butyl-alpha phenylnitrone (PBN). Both DZ and DZO (10 μM) caused a 30%
decrease in lysate levels of the neuritogenic protein fibronectin in astrocytes.
Fibronectin is an extracellular matrix protein produced and secreted by astrocytes,
and is recognized as playing a vital role in neurite outgrowth. Pre-treatment of astrocytes with melatonin and PBN also prevented this decrease in fibronectin. These
results suggest that by increasing oxidative stress in astrocytes, DZ and DZO impair
astrocytes’ ability to foster neuronal development, partly by decreasing levels of fibronectin produced by astrocytes. (Supported by ES07032 and P50ES09601)

2563

CHLORPYRIFOS DURING DEVELOPMENT REDUCES
ANXIETY-RELATED BEHAVIOR IN ZEBRAFISH
LARVAE.

H. Richendrfer and R. Creton. MCB, Brown University, Providence, RI. Sponsor:
S. Pelkowski.
Neurobehavioral disorders such as anxiety, autism, and ADHD are becoming more
prevalent even though the causes for these disorders are still widely unknown.
Environmental toxicants, such as organophosphate pesticides (OPs) are highly
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ubiquitous in the environment because of their efficacy in crop protection against
destruction from insects, yet they are one of the suspected players in the development of neurobehavioral disorders. OPs act as neurotoxins because they inhibit
acetylcholinesterase (AChE) activity and in humans can cause death and paralysis
in high doses. Little is known about the effects of low sub-chronic doses of OPs
during development that do not inhibit AChE activity. There is indication that in
both humans and animal models exposed to low doses of OPs neonatally there are
resultant changes in behavior and brain development, especially because their immune systems have not fully developed. However, anxiety-related behavioral
changes in the zebrafish have not been documented after exposure to low levels of
OPs. Using zebrafish for a model system is useful because the embryos can be exposed to OPs directly after fertilization and can be collected in large numbers.
Using a high-throughput assay unique to our lab, we show that a widely used OP,
chlorpyrifos, at 0.1μM and 0.01μM administered for 7 consecutive days after fertilization (dpf ) decreased thigmotaxis, an anxiety-related behavior, and also decreased swim speed while body morphology remained unchanged in zebrafish larvae at 7dpf. At 1 μM, chlorpyrifos caused the tail of the larvae to curl upwards and
larvae could not swim normally. The lowest level of chlorpyrifos administered,
0.001 μM elicited no changes in anxiety-related behavior, body morphology or
swimming speed when compared to the DMSO control group. The results indicate
that even low levels of chlorpyrifos have the potential to impact behavior when administered during a critical period of development. Future studies will include confocal brain imaging to detect neural patterning changes after chlorpyrifos exposure.

2564

REGIONAL BRAIN DOSIMETRY FOR THE
ORGANOPHOSPHORUS INSECTICIDE
CHLORPYRIFOS IN THE PREWEANLING RAT.

C. Timchalk, J. N. Smith and T. S. Poet. Biological Monitoring and Modeling,
Pacific Northwest National Laboratory, Richland, WA.
Infants and children may be sensitive to adverse effects of pesticide exposure associated with ingestion of residues on food. Organophosphorus (OP) insecticides, like
chlorpyrifos (CPF), have been implicated as developmental neurotoxins; however,
aspects of dose-response relationships are poorly understood particularly with regards to critical window(s) of vulnerability and target tissue (i.e. brain) dosimetry.
Ongoing research is focused on evaluation of in vivo/in vitro brain chlorpyrifos
dosimetry in the preweanling rat pup and for comparison in adult male rats. At
post-natal day-10 (PND-10), both male and female pups were orally administered
CPF at 1 or 5 mg/kg/day for 5 consecutive days and humanely sacrificed 4 hours
after the last dose, adult male rats were likewise orally dosed at 5 mg CPF/kg/day (5
doses). Whole brains and brain regions (forebrain, midbrain and cerebellum) were
analyzed for CPF and its major metabolite trichloropyridinol (TCP), its major
metabolite. In addition, brain region acetylcholinesterase (AChE) activity was determined in PND-15 pups. In vitro metabolism studies were conducted with hepatic and brain microsomes and whole brain homogenates prepared from naïve
adult male rats. A comparison of whole brain dosimetry (5 mg CPF/kg/day) suggests that the concentration of CPF and TCP in the brain of preweanling rats is
comparable to adults following oral exposure. In both male and female PND-15
pups, regional brain CPF concentration tended to be forebrain > midbrain > cerebellum; whereas, the concentration of TCP was fairly comparable across gender and
brain regions. In vitro brain metabolism studies support both the bioactivation of
CPF to the neurotoxic metabolite CPF-oxon and detoxification of CPF to TCP.
The importance of localized brain metabolism is highly relevant for lipophilic pesticides that potentially sequester in the brain where localized brain disposition and
metabolism may be critically important for understanding target tissue dosimetry.
Supported by CDC/NIOSH grant R01 OH008173.

2565

PATTERN OF INHIBITION OF BRAIN
ENDOCANNABINOID METABOLIZING ENZYMES
FOLLOWING DEVELOPMENTAL CHLORPYRIFOS
EXPOSURE.

R. L. Carr, A. L. Adams, D. R. Kepler, A. B. Ward and M. K. Ross. Center for
Environmental Health Sciences, College of Veterinary Medicine, Mississippi State
University, Mississippi State, MS.
The endogenous cannabinoids 2-arachidonylglycerol (2-AG) and anandamide
(AEA) play vital roles during nervous system development including regulating axonal guidance and synaptogenesis. The degradation of 2-AG and AEA is mediated
by monoacylglycerol lipase (MAGL) and fatty acid amide hydrolase (FAAH), respectively. We have previously reported that developmental repeated exposure to
low levels of chlorpyrifos (CPS) results in inhibition of these enzymes as well as accumulation of endocannabinoids in rat forebrain at 4hrs post exposure. However, it
is not clear if these effects are persistent or transient. To determine this, 10 day old
rat pups were exposed daily for 7 days to either corn oil or increasing dosages of
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CPS (1, 2.5, or 5 mg/kg) by oral gavage. FAAH and MAGL activity was inhibited
in a dose dependent manner at 4hrs after the last dose and this level of inhibition
persisted through 12hrs. By 24hrs, some recovery of activity was observed with the
two higher dosages but not the lowest dosage. This persistent inhibition suggests
that if daily exposure was occurring, the activities of these enzymes would not have
the opportunity to return to control levels. Forebrain 2-AG and AEA levels were
significantly elevated at 4hrs in a dose related manner and continued to increase to
peak levels at 12hrs. Substantial recovery had occurred by 24hrs but levels remained
significantly elevated above control levels. Thus, repeated exposure to CPS results
in a persistent inhibition of the endocannabinoid metabolizing enzymes and a
cyclic pattern of elevation of the endocannabinoids themselves. This alteration of
endocannabinoid signaling during brain maturation could exert long term effects,
leading to permanent alterations in neuronal brain circuits and behavioral responses.

2566

EVALUATION OF DEVELOPMENTAL NEUROTOXICITY
OF MANCOZEB IN RATS.

M. Aggarwal1, S. Marty2 and R. Billington1. 1Dow AgroSciences, Abingdon, United
Kingdom and 2The Dow Chemical Company, Midland, MI.
Mancozeb, a widely used fungicide, was evaluated for potential developmental neurotoxicity (DNT) in rats in accordance with OECD test guideline 426. In a doserange finding study, female CD rats were given dietary mancozeb at doses of 0, 5,
30 or 60 mg/kg/day (mkd) from gestation day (GD) 6 through GD 20 (5/dose) or
through lactation day (LD) 21 (10/dose). At 30 and 60 mkd, gestation body weight
gains were decreased (14% and 37%), and on LD 21 thyroid follicular cell hypertrophy was increased (44% and 50% vs. 20% incidence in control) with decreased
serum thyroxine (24% and 44%). There were no treatment-related effects on reproductive or litter parameters. Postnatally, pup growth rates were decreased at
these dose levels. Mancozeb, and ethylene thiourea (ETU), which is a metabolite of
toxicological concern especially from a developmental perspective, were both present in plasma of dams and offspring, and in maternal milk during lactation. Based
on these results, 30 mkd was selected as the high dose for the definitive DNT study.
In the definitive DNT study, female CD rats (25/dose) were given dietary mancozeb at doses of 0, 5, 15 or 30 mkd from GD 6 to post-natal day (PND) 21-28
and the offspring were assessed for effects on nervous system structure and function. High-dose dams had no treatment-related effects on any parameters investigated except decreased gestation body weight gain [GD 6-9 (42%), 6-12 (26%)
and 6-20 (9%)], increased relative thyroid weight (9%) and thyroid follicular cell
hypertrophy (44% vs. 25% incidence in control). There were no treatment-related
effects on offspring, including litter parameters, survival, clinical signs, functional
observational battery, growth, neurobehavioral ontogeny, puberty onset, motor activity, startle response, learning and memory, brain morphometry and neuropathology of the central and peripheral nervous system. Thus, the NOEL for maternal
systemic toxicity was 15 mkd, whereas the NOEL for developmental neurotoxicity
was 30 mkd, the highest dose level tested. The study demonstrated that mancozeb
does not cause developmental neurotoxicity.

2567

ISOFORM-SPECIFIC DOWNREGULATION OF
SODIUM CHANNELS FOLLOWING DEVELOPMENTAL
DELTAMETHRIN EXPOSURE.

J. P. Magby1, 2 and J. R. Richardson1, 2. 1JGPT, Rutgers University/University of
Medicine and Dentistry New Jersey, Piscataway, NJ and 2GSBS, University of
Medicine and Dentistry New Jersey, Piscataway, NJ.
The pyrethroid pesticides are a commonly used class of insecticides worldwide. Due
to the unique susceptibility of developing animals to the toxicity of these compounds there is increasing concern over the potential developmental neurotoxicity
of pyrethroid exposure. However, few data are available on molecular mechanism(s)
of developmental pyrethroid neurotoxicity Previous work from our laboratory has
shown that in utero exposure to the type II pyrethroid deltamethrin can produce
persistent downregulation of voltage-gated sodium channel (Na(v)) mRNA and
acute exposure can transiently downregulate Na(v) protein in an age-dependent
fashion. In this current work PND 1-10 rats were exposed to deltamethrin at 0 or
0.1 mg/kg in corn oil, by oral gavage daily. At PND 10 the animals receiving
deltamethrin were divided; 1 group continued receiving 0.1 mg/kg daily, while the
second group began receiving 0.5 mg/kg daily until weaning at PND 21. Animals
were sacrificed at PND 30 and samples were probed for Na(v) protein levels via
western blot. Animals showed approximately 30% reduction in total Na(v) protein
at 0.1 mg/kg and approximately 40% reduction at 0.5 mg/kg in the striatum.
Individual Na(v) isoforms were measured using isoform-specific antibodies. Na(v)
1.1 protein levels were reduced approximately 30% at 0.1 mg/kg and 45% at 0.5
mg/kg, while Na(v) 1.2 protein showed no such downregulation. These data show
an isoform-specific response to developmental deltamethrin exposure that corre-

sponds to sensitivity, as Na(v) 1.2 has been shown to be the least sensitive to
deltamethrin in previous in vitro studies (Meacham et al, 2008). These data suggest
that the sensitive period for altering Na(v) protein levels extends at least until weaning, which corresponds with our earlier acute studies. Unlike our acute studies, this
study suggests that, at doses with no symptoms of pyrethroid toxicity, there are still
alterations in Na(v) protein levels.
Supported by R01ES015991, P30ES005022, and a Bristol-Myers Squibb
Predoctoral Fellowship.
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COMPARISON OF SINGLE AND REPEATED EXPOSURE
TO LOW DOSES OF PYRETHROIDS, PERMETHRIN
AND BIOALLETHRIN, DURING NEONATAL BRAIN
DEVELOPMENT ON ADULT SPONTANEOUS
BEHAVIOR.

S. Buratovic1, A. Fredriksson1, K. M. Crofton2, H. Viberg1 and P. Eriksson1.
1Department of Environmental Toxicology, Uppsala University, Uppsala, Sweden and
2NHEERL, ORD, US EPA, Research Triangle Park, NC.
Permethrin and bioallethrin belong to the Type 1 class of pyrethroid pesticides. The
primary mechanism of action is interference with nerve membrane sodium channels that results in increased neuronal activity. We have earlier reported on developmental neurotoxic effects after repeated, PND 10 to PND16, neonatal exposure to
pyrethroids. The effects were manifested as altered spontaneous behavior, hyperactivity and reduced cognitive function and changes in cholinergic muscarinic/nicotinic receptors in the cerebral cortex of neonatal and adult mice. The present study
was undertaken to compare repeated and single exposure to permethrin and bioallethrin during the neonatal brain growth spurt (BGS) on adult spontaneous behavior in a novel home environment. Neonatal NMRI male mice were given permethrin, orally (0.55; 3.3; 6.6 mg/kg bw/day) on PND 10-14, or just a single oral
dose of 6.6 mg/kg bw on PND 10. Bioallethrin was given as a single oral dose of
0.7 mg/kg bw on PND 10, and compared to earlier published data on repeated exposure. Mice serving as controls received the 20 % fat emulsion vehicle.
Spontaneous behavior test (locomotion, rearing, total activity) in 2-month-old
mice revealed a significant higher activity in mice exposed to repeated doses of 6.6
mg permethrin, as well in mice just receiving a single 6.6 mg dose of permethrin.
No significant difference was observed between repeated and single exposure. A single dose of 0.7 mg bioallethrin on PND 10 caused the same effects as a repeated
dose of 0.7 mg between PND 10 to PND 16. This demonstrates that a single dose
of these pyrethroids can cause the same developmental neurotoxic effects as that
seen following repeated doses over one week during the neonatal BGS period in
mouse. This research provides is consistent with previous findings that exposure
during the BGS can result in persistent behavioral defects.

2569

CARBARYL EFFECTS ON OXIDATIVE STRESS IN
BRAIN REGIONS OF ADOLESCENT AND SENESCENT
BROWN NORWAY RATS.

P. S. Kodavanti, J. E. Royland, J. E. Richards and R. C. MacPhail. NHEERL, US
EPA, Research Triangle Park, NC.
Oxidative stress (OS) plays an important role in susceptibility and disease in old
age. Understanding age-related susceptibility is crucial in assessing the human
health risks of chemicals. Growing evidence implicates OS in carbamate toxicity in
addition to cholinesterase-inhibiting effects. This study explored OS as a potential
toxicity pathway for carbaryl exposure (a carbamate insecticide) and whether these
effects were age-dependent. OS-related events included reactive oxygen species production [NADPH Quinone oxidoreductase 1 (NQO1), NADH Ubiquinone reductase (UBIQ)], antioxidant homeostasis [total antioxidant substances (TAS)],
and oxidative damage (total aconitase). Male Brown Norway rats (1 and 24
months) were dosed orally with carbaryl (0, 7.5 or 15 mg/kg) in corn oil. Frontal
cortex (FC), cerebellum (CB), striatum (ST), and hippocampus (HP) were dissected 2 hours after exposure, quick frozen, and stored at 80°C until analysis.
Results indicated substantial age-related increases in ROS production (~ 6x in
UBIQ-RD and > 8x in NQO1), decreases in antioxidant homeostatic mechanisms
(i.e. TAS ~2x), and decrease in aconitase activity (2-3 x) regardless of brain area.
The effects of carbaryl treatment were age- and brain area-specific. In general, effects on OS parameters were greater at 1 mo vs. 24 mo. Interestingly, measures of
ROS production were often in opposition to each other (e.g. UBIQ-RD decreased
~26% in the striatum at 1 mo of age while NQO1 was increased ~26%) possibly
indicating activation of different compensatory pathways. Carbaryl generally decreased or had no effect on TAS. Also similar to the age effect, aconitase levels were
decreased by carbaryl in some brain regions. These results indicate OS as a potential
toxicity pathway, but the complex interaction between age and carbaryl exposure
on OS parameters in different brain regions require further investigation. (This abstract does not necessarily reflect USEPA policy).

2570

DOSE-RESPONSE AND TIME-COURSE OF
NEUROTOXICITY AND TISSUE CONCENTRATIONS
OF CARBARYL IN BROWN NORWAY RATS FROM
PREWEANING TO SENESCENCE.

V. C. Moser, P. M. Phillips and K. L. McDaniel. TAD/NHEERL, US EPA,
Research Triangle Park, NC.
Factors impacting sensitivity to chemicals across life stages include toxicokinetic
and toxicodynamic changes. We systematically compared the dose-response (3, 7.5,
15, 22.5 mg/kg) and time-course (3 or 15 mg/kg at 30, 60, 120, 240 min) of acute
effects of carbaryl (oral gavage) in preweanling (postnatal day, PND, 18) and adult
male Brown Norway rats ranging from adolescence to senescence (1, 4, 12, 24 mo).
Motor activity (MA), brain and RBC cholinesterase (ChE) activity, and brain and
plasma carbaryl concentrations were measured in the same animals. At the time of
peak effect (40 min), PND18 rats were the most sensitive to the brain ChE-inhibiting effects of carbaryl, but 12- and 24-mo rats showed more MA depression
even at similar levels of brain ChE inhibition. Time-course data showed that MA
depression reached a maximum earlier, and recovered faster, in the 1- and 4-mo rats
compared to the other ages; slowest recovery and maximal effects were seen in the
24-mo rats. The recovery of brain ChE inhibition varied with age only after 15
mg/kg, whereas recovery following 3 mg/kg as well as RBC ChE inhibition (both
doses) was similar across ages. Brain ChE inhibition generally tracked brain carbaryl concentrations regardless of the time after dosing, but not so with RBC ChE
and plasma carbaryl levels. The lowest carbaryl concentrations across all treatments
were measured in the 1- and 4-mo rats, and despite similarities in brain ChE inhibition, brain carbaryl concentrations were greatest in PND18 and 24-mo rats
across times and doses. The higher concentrations agreed with the greater MA depression observed in the older rats but not with MA changes in PND18 pups.
Thus, in the dose-response and time-course, there were dissociations between both
brain ChE inhibition and carbaryl concentrations, and the magnitude as well as recovery of MA changes. Age-related differences in the carbaryl tissue concentrations
were evident but were not fully consistent with brain or RBC ChE inhibition across
doses and time. This abstract does not reflect US EPA policy.
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NEW VISIONS IN TOXICOLOGY: LYSOSOMES—ROLES
IN DISEASE, TOXICITY, AND DRUG DEVELOPMENT.

S. Lu1 and J. M. Willard2. 1Pfizer Inc., San Diego, CA and 2US FDA, Silver Spring,
MD.
Lysosomes, first discovered by Dr. Christian de Duve more than five decades ago,
are membrane-enclosed compartments filled with acid hydrolytic enzymes that digest macromolecules from the endocytic, autophagic, and phagocytic membranetrafficking pathways. Lysosomes are involved in various physiological processes, including cholesterol homeostasis, plasma membrane repair, bone and tissue
remodeling, and pathogen defense. Lysosomal malfunction as a consequence of genetic deficiency of a lysosomal enzyme or membrane protein can trigger lysosomal
storage diseases with various clinical abnormalities such as organomegaly and central nervous system dysfunction. Recently, growing lines of evidence point to a critical role of lysosomes in cell death. Leakage of lysosomal enzymes and iron has been
shown to result in mitochondria-mediated apoptosis. Inducers of lysosomal membrane permeabilization include, but are not limited to, oxidative stress, lipids, caspases, microtubule toxins, and metals. A number of basic lipophilic compounds
have been shown to accumulate into acidic organelles, including lysosomes, in a
process known as lysosomotropism. Lysosomotropic agents include structurally diverse chemicals that are used in clinical medicine such as chloroquine, amiodarone,
imipramine, tamoxifen, and imatinib. In the past, phospholipidosis associated with
drug lysosomal sequestration has been investigated extensively and prevailing theory has been that the phopholipidosis is primarily an adaptive response rather than
a toxic response. However, the relationship between physicochemical properties of
compounds, lysosomal accumulation, cellular damage, impairment of membrane
trafficking processes, including autophagy, and especially how this is associated
with various toxicological manifestations has not been fully elucidated. The goal of
this symposium is to highlight the potential role of the lysosome in drug-induced
toxicity and recognize lysosome perturbation as a potential mechanism for organ
toxicity.

2572

LYSOSOME AND LYSOSOMAL STORAGE DISORDER.

E. H. Schuchman. Mount Sinai School of Medicine, New York, NY. Sponsor: S. Lu.
The current concept of the structure and function of the endosomal-lysosomal apparatus has evolved from the pioneering work of de Duve and co-workers. The apparatus is responsible for the intracellular digestion of externally (endocytosis and
phagocytosis) and internally (autophagy) generated macromolecules. Acidic lumen
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of lysosome contain more than 50 known hydrolases, which sorted by the mannose-6-phosphate receptor system. Understanding of lysosomal biology has
markedly increased during the characterization of lysosomal storage diseases
(LSDs). These are a group of more than 40 rare inherited metabolic disorders that
result from defects in lysosomal function. LSDs share a common pathogenesis: a
genetic defect in a specific lysosomal enzyme, receptor target, activator protein,
membrane protein, or transporter, leading to the accumulation of macromolecules
in cell lysosomes. This presentation will discuss different types of LSDs including
the mucopolysaccharidoses (e.g., Maroteaux-Lamy Disease, Hurler/Schie Disease)
and sphingolipidoses, (e.g., Gaucher’s disease and Niemann-Pick disease). Their
key clinical features and pathogenesis process will be introduced.

2573
Gores1,

Werneburg1,

Bronk1,

Thomas2

Thomas2.

TRAIL, a death ligand, stimulates apoptosis in perturbed hepatocytes and malignant hepatocellular carcinoma and cholangiocarcinoma cells. Given the role of
TRAIL in the innate immune response and as a potential cancer therapeutic agent,
this pathway of lipoapoptosis is quite germane to hepatobiliary pathobiology and
cancer treatment. TRAIL stimulation of the lysosomal pathway is associated with
release of cathepsin B into the cytosol. Cytosolic cathepsin B then stimulates mitochondrial dysfunction with subsequent caspase activation and cellular demise.
Recently we have explored the role of cellular inhibitor of apoptosis proteins (cIAP)
-1 and -2 in regulating TRAIL mediated lysosomal dysfunction. Cellular elimination of cIAP 1 and 2 by genetic or pharmacologic approaches, accelerate TRAIL
killing of hepatocytes. This cell killing is markedly attenuated in hepatocytes from
cathepsin B genetically deficient mice. Interestingly the cIAPs, which are E3 ligases,
appear to regulate the lysosomal pathway of cell death by ubiquitinating a trafficking protein PACS-2. Ubiquitination of PACS-2 renders lysosomal trafficking incompetent, where as failure of PACS-2 ubiquitination promotes its trafficking to
lysosomes. Upon TRAIL stimulation PACS-2 binds Bim which in turn activates
Bax promoting their association with lysosomes. Bax appears to oligomerize within
the lysosome membrane resulting in lysosomal release of cathepsin B into the cytosol triggering cell death. This information will help provide a frame work for the
development and novel therapeutic strategies effective for preventing TRAIL mediated human liver injury and promoting TRAIL employment as an anti-cancer
agent.
AMINE-CONTAINING DRUG ACCUMULATION IN
AND EGRESS FROM LYSOSOMES.

J. P. Krise, R. Funk and R. Logan. Department of Pharmaceutical Chemistry,
University of Kansas, Lawrence, KS. Sponsor: S. Lu.
How a drug distributes within a cell is a therapeutically important consideration
that can influence pharmacokinetic properties, potency and toxicology. Many
drugs contain weakly basic functional groups that can enable their extensive sequestration in highly acidic lysosomes through an ion trapping type mechanism.
Some cationic amphiphillic drugs cause a lysosomal lipidosis whereas others cause
lysosomes to become swollen and vacuolated when presented to cells at relatively
high concentrations. During this presentation the mechanisms for amine accumulation in and egress from lysosomes will be discussed. Using quantitative assays we
have established how drug-associated properties including pKa and permeability
can predictably influence the degree of lysosomal uptake. In addition we have investigated the role of specific proteins and pathways in facilitating the vesicle-mediated trafficking of sequestered amines, and other cargo, out of lysosomes. The toxicological implications of this research will be highlighted.

2575

ROLE OF THE LYSOSOME IN THE LINK BETWEEN
PHYSICOCHEMICAL PROPERTIES AND IN VITRO
TOXICITY.

S. Lu1, B. A. Jessen1, Y. Will2 and G. J. Stevens1. 1Drug Safety Research &
Development, Pfizer Inc., San Diego, CA and 2Compound Safety Prediction, Pfizer
Inc., Groton, CT.
To identify the critical role of the lysosome in drug induced toxicity, multiple studies were conducted to investigate the association among physiochemical properties
of compounds, accumulation in lysosome, cell death, and membrane trafficking
perturbation. The studies altogether included more than one thousand structurally
and therapeutically diverse compounds, some of which are associated with hepatotoxicity, cardiotoxicity or retinal toxicity. In vitro toxicity assessment consisted of
ATP depletion, high content screening with multiple parameters, autophagy and

556

2576

PHOSPHOLIPIDOSIS: DRUG-INDUCED LYSOSOMAL
STORAGE DISORDER.

J. M. Willard. US FDA, Silver Spring, MD. Sponsor: S. Lu.
TRAIL-INDUCED LYSOSOMAL PATHWAY OF
APOPTOSIS IN HEPATOBILIARY CELLS.

G. J.
N. W.
S. F.
L.
and G.
1Division of Gastroenterology and Hepatology, Mayo Clinic, Rochester, MN and 2The
Vollum Institute, Oregon Health & Science University, Portland, OR. Sponsor: S. Lu.
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phagocytosis evaluation. The resulting data demonstrated that accumulation in
lysosome was largely associated with weakly basic liphophilic compounds. It also revealed the perturbation of autophagy and phagocytosis and the critical role of lysosome in cell death following compound accumulation. The association of those in
vitro findings with in vivo toxicity implicates lysosomal perturbation as a potential
contributing factor in organ toxicity.
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Drug-induced phopholipidosis (PLD), characterized by intracellular accumulation
of phospholipid-drug complexes, is believed to result from impaired phospholipid
metabolism following lysosomal accumulation of compounds. The development of
PLD is often proportional to the accumulation of the compounds in the cell or tissue. To identify the association of PLD with drug toxicity, a PLD working group at
the FDA has constructed a comprehensive database based on information from
IND and NDA submissions. Correlation of physiochemical property with PLD
will be demonstrated. Preliminary analysis utilizing the database will be presented
to illustrate the dose relationship between the appearance of phospholipidosis and
general toxicity signs in animal studies, and more specifically, the relationship of
phospholipidosis to QT prolongation, myopathy and hepatotoxicity. The use of
LAMP-2 biomarkers and BMP as a non-invasive biomarker of phospholipidosis
will be discussed in the context of differentiating PLD that results in toxicity from
those that are benign.

2577

OFF THE BEATEN PATH: PRECLINICAL APPROACHES
TO SAFETY EVALUATION OF CELLS/GENE THERAPY,
VACCINES, AND ADJUVANTS.

L. E. Black1, S. Gould2, M. D. Green3, T. MacLachlan4, T. Chen5 and J. van
der Laan6. 1Navigators, Charles River, Reno, NV, 2Toxicology, Sanofi Pasteur, Marcy
L’etoile, France, 3CBER/OVRR, US FDA, Rockville, MD, 4Toxicology, Novartis,
Cambridge, MA, 5CBER/OCTGT, US FDA, Rockville, MD and 6Medicines
Evaluation Board, Bilthoven, Netherlands.
Toxicologists in all fields model the human effects of test articles in animals, recognizing interspecies differences in immunology, biology, and disease status. But the
toxicology of “extreme biologic” therapies raises this challenge to a new level, particularly regarding the long-lasting impact of immunomodulation. These biologics
include: human cells, live microbes, or vaccines causing irreversible changes in immunity: all of these cause immunologic reactions, whether by intention or from
side effects. These complexities force toxicologists out of their comfort zone to find
a “relevant species”– like diseased, transgenic, or immunocompromised rodents—
just to enable the test article to express its human actions. Other challenges arise
from immune reactions seen in animals or humans. Do certain types of immune
stimulation in animals portend hypersensitivity or autoimmune disease in humans?
Are adverse events in toxicity studies arising from the model itself, primary pharmacology, or drug side effects (immunotoxicity)? Another challenge is the possibility that drug-related immunotoxicity may cause, or activate, latent autoimmune
diseases in patients. To progress, these safety programs require new immune assays/endpoints to inform human trials. Currently, we know some immunomodulatory drugs have caused autoimmune disease in humans, but there are no validated
ways to predict these risks, so research goals and regulatory views will be discussed.
Related issues include toxicity assessment of immunosuppressant drugs, hypersensitivity responses, and immunogenic reactions to recombinant proteins. Progress will
require collaboration of industry and regulatory scientists to consider new translational methods and to apply them appropriately to immunomodulators, biologics,
and vaccines.

2578

VACCINES, ADJUVANTS, AND AUTOIMMUNITY.

S. Gould. Toxicology, Sanofi Pasteur, Marcy D’etoile, France.
To predict the onset or potential development of autoimmune disease is a challenge, not least because diseases are rare events, etiologies are unknown, causes are
multifactorial, and many factors (like genetics and hormones) can contibute to risk.
Even so, the concern of a risk of autoimmunity as a result of immunization is a
public and regulatory concern. What, from ‘a toxicologist’s perspective’ can be done
to address this potential risk now or in the future? Today, there are no validated
models that accurately predict the potential risk: most current immunotoxicology
tools are directed at immunosuppression. This talk will explore several avenues of

investigation. One theoretical cause of autoimmunity is molecular mimicry, where
a conformational similarity - between an infectious agent antigen and a self antigen
- triggers an inappropriate immune response to self. This potential risk might be
studied using in silico methods such as 3-dimensional molecular modeling and
bioinformatics, and depending on the target, animal models of infection. Examples
and a case study will be presented on how a risk from molecular mimicry was addressed for a prophylactic vaccine. Further, this presentation will touch on models
used to assess safety of vaccine/adjuvants, models used to address autoimmunity,
model reliability, assessment of the ever-evolving adjuvants, and what is being done
in the scientific community to help address these issues (such as the HESI and IMI
projects).

2579

ACUTE PHASE REACTANTS: TRANSLATIONAL
BIOMARKERS FOR ADVERSE EFFECTS OF VACCINES.

peutic vaccine in humans should postulate: 1) a safe starting dose, a dose escalation
scheme, and a dosing schedule; 2) a safe route of administration; 3) a safety and immune response profile following product administration; 4) subject eligibility criteria; and 5) an adequate clinical monitoring plan. Regulatory guidance for preclinical study design using therapeutic vaccines includes consideration of the
characteristics of candidate product, the potentially induced immune response, and
the proposed clinical trial design. While the overall requirements for assessing the
safety of traditional biologics or preventive vaccines may apply, modified approaches to understand the pharmacology and toxicology of therapeutic vaccines
should be considered. The safety and/or immune response profile of the intended
clinical product (vaccine and adjuvant), such as the target organs/tissues that express the target antigen, the humoral and/or cellular immune response, release of
cytokines, and potential local and systemic risks, is important. This profile should
be evaluated by in vitro and/or in vivo assessment prior to administration into the
patient population. This presentation will discuss current CBER perspectives on
preclinical evaluation of therapeutic vaccine/adjuvant combinations and discuss potential regulatory and scientific challenges.

M. D. Green. CBER/OVRR, US FDA, Rockville, MD. Sponsor: L. Black.
Toxicity studies are conducted to support the preclinical safety assessment of clinical investigation for new vaccines which are intended to prevent various infectious
diseases. A review and analysis of these studies was performed to develop new insights which might increase the potential utility of these studies. The submitted
studies were used to investigate the relationships among various species between
different adverse events such as pyrexia and weight loss to the presence of acute
phase reactants in plasma following the injection of various candidate vaccines.
Differences in the prominence and time course of changes in acute phase proteins
were observed. These data suggest that C-reactive protein may be one of the more
reliable biomarkers when using the rabbit as an animal model for toxicity testing.
Nevertheless, the interpretation and applicability of these data are limited by the
varying nature of the experimental designs, statistical approaches and means of
analysis employed in the different toxicity studies. This talk presents an approach
which aims at improving the risk assessment and extrapolation of nonclinical, toxicity data for various preventative vaccines.

2580

THE FLIP SIDE OF IMMUNITY TO VIRUSES—USE OF
VIRAL VECTORS FOR GENE THERAPY.

T. MacLachlan. Toxicology, Novartis, Cambridge, MA.
The human immune system is exposed to and subsequently reacts to a variety of
agents that can cause harm to the body. Among these are viruses that take advantage
of cellular machinery to propagate and ultimately do damage, however a healthy
immune system is effective in clearing these agents before they infiltrate or imparts
a cascade of reactions that stops the spread of an active infection. Indeed, prophylactic and therapeutic vaccines are effective in triggering the immune system to protect the body from these foreign agents. However, the vectors by which these same
viruses travel have proven to be very efficient means to deliver helpful therapies to
cells by way of gene transfer – a means that could be very efficient and without adverse reactions if it were not for the immune system. Gene therapy viral vectors
have given great promise to alternative therapy for human disease, but immune system reactions against these vectors have led to a host of consequences, ranging from
lack of ability to infect cells to the observation of severe adverse events. Studies in
animals have attempted to identify risk potential of either pre-existing immunity or
post-dose immune reactions for certain viral vectors with mixed success – some
work has suggested the possibility of severe systemic inflammatory events, but other
data evaluating cellular immune responses suggests that humans and animals react
in very different ways. This talk will review the current understanding in this area
for adenoviruses, adeno-associated viruses and other vectors, and look to the future
development of preclinical and clinical work at subverting these reactions.

2581

SAFETY ASSESSMENT OF THERAPEUTIC
VACCINES/ADJUVANTS—-REGULATORY
CONSIDERATIONS.

T. Chen. CBER/OCTGT, US FDA, Rockville, MD. Sponsor: L. Black.
Cancer and therapeutic vaccines for non-infectious diseases (hereafter referred to as
‘therapeutic vaccines’) are intended to treat a disease by inducing specific immune
response directed against disease-related targets that are present in the patient’s tissues. The conduct of an investigative clinical trial is guided by the Code of Federal
Regulations (CFR) Title 21, Part 312. According to 21 CFR 312.23 (a)(8), adequate information derived from pharmacology and toxicology studies is needed to
support a trial that is reasonably safe and scientifically feasible. Therefore, the data
from preclinical studies that guide the design of early phase clinical trials of thera-

2582

SIGNALS OF AUTOIMMUNITY—A REGULATORY
PERSPECTIVE.

J. van der Laan. Medicines Review Board, Bilthoven, Netherlands. Sponsor: L. Black.
The 2009 pandemic resulted in rapid marketing authorization in Europe (and
Canada) of several novel adjuvants (i.e. oil-in-water emulsions) - their use is suddenly more widespread. Furthermore, with HPV-vaccine and HB-vaccine, an adjuvant designated “MPL” (LPS-derived Lipid A domain) was introduced recently in
the market. Some important adjuvants are characterized by their effects on the socalled “toll-like receptors”, pattern-recognition receptors found in a number of organs and cells. There is a general concern in the public that vaccines (especially
combined with adjuvants) will give rise to autoimmunity based on various observations. Squalene has been used in animal models to induce autoimmune-related inflammatory signals. In the 1970’s there was an association between a swine-flu vaccine and an increase in Guillain-Barré in the vaccinated population, but no
adjuvant was included in the vaccine. In 2011, there were several epidemiologic signals that narcolepsy might have been increased by an H1N1 vaccine along with a
specific adjuvant. Narcolepsy itself might be a type of autoimmune-related disease:
it is associated with specific HLA-receptors, although the immune character of this
relationship has never been proven. Is the antigen/adjuvant combination the most
important association? Thus far, the human signals taken alone might be too weak
to raise concern. However, better models are needed to evaluate if the risk is real,
whether public concern is warranted, and if risks can/should be mitigated. What
has been learned so far from the models we have, and how can they be improved?
And from a regulatory perspective, when do signals have to be taken so seriously
that regulatory measures against a product are needed?

2583

TRIVALENT ARSENIC METABOLITES AND ARSENIC
TOXICITY.

L. M. Del Razo1, M. P. Waalkes2, M. Styblo3, Z. Drobna3, D. Loomis4 and E.
M. Kenyon5. 1Toxicology, Hispanic Organization of Toxicologists SIG-HOT,
Cinvestav-IPN, Mexico, Distrito Federal, Mexico, 2Inorganic Toxicology Group,
National Toxicology Program, NIEH, Research Triangle Park, NC, 3Nutrition,
University of North Carolina at Chapel Hill, Chapel Hill, NC, 4Epidemiology and
Eppley Cancer Institute, University of Nebraska Medical Center, Omaha, NE and
5ORD, NHEER, US EPA, Research Triangle Park, NC.
Inorganic arsenic (iAs) is a well-known environmental toxicant that could induce a
variety of adverse health effects. iAs is enzymatically methylated in human tissues to
mono- and dimethylated metabolites that contain trivalent arsenic (AsIII) or pentavalent arsenic (AsV). A recently identified arsenic (+3 oxidation state) methyltransferase (AS3MT) is the key enzyme in this pathway. Notably, trivalent methylated metabolites of iAs (MAsIII and DMAsIII) have been shown to play an
important role in iAs-associated diseases such as cancer and diabetes. There is evidence that the AS3MT metabolic pathway, which was formerly considered a detoxification pathway, may significantly increase the toxicity of iAs. Ex vivo studies
using tissue cultures have consistently shown that exposures to subtoxic concentrations of MAsIII and DMAsIII produce effects that mirror carcinogenic effects, and
noncancerous conditions such as diabetes and cardiovascular diseases. However, the
relevance of these findings for in vivo responses remains an area of on-going investigation and debate. The complexity and lack of suitable methods has hindered the
analysis of MAsIII and DMAsIII in biological samples. Lately, results of epidemiology studies suggest that MAsIII and DMAsIII play a role in the onset of diabetes.
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Critical levels of iAs exposure and other factors that are associated with an increased
production of these metabolites, and are linked/associated with increased prevalence of diabetes, have been characterized. The significance of these recent developments will be discussed in the context of physiologically based pharmacokinetic
models, and the relationship between methylation and specific organ toxicity, as
well as variations in methylation ability as a function of host factors.

2584

ROLE AND IMPORTANCE OF ARSENIC
METHYLATION ASSOCIATED WITH TOXIC EFFECTS.

L. M. Del Razo. Toxicology, Cinvestav-IPN, Mexico, Distrito Federal, Mexico.
Inorganic arsenic (iAs) is metabolized in humans to methylated arsenical species in
a multistep process mainly mediated by AS3MT, who may catalyze both oxidative
methylation of trivalent arsenic-containing substrates and reduction of pentavalent
arsenic in methylated products. Hence, monomethylarsonous acid (MAsIII) and
dimethylarsinous acid (DMAsIII) conversion of iAs can significantly modify its
toxic and cancer-promoting effects, primarily of skin, bladder and lung. Among
these metabolites MAsIII and DMAsIII are the most toxic arsenic species. This has
to do with their reactivity due to the generation of reactive oxygen speciesor binding to sulfur containing compounds, like protein.
Improved analyses have convincingly demonstrated the presence of such trivalent
species in human urine where subjects who excrete higher proportions of MAs (particularly MAsIII) may have higher risks of iAs-associated skin and bladder cancer.
However, results of recent studies indicate that the concentrations and proportion
of iAs metabolites in urine do not necessarily reflect the concentrations and speciation of As in tissues targeted by iAs exposure. Current analytical technologies are
sufficient to distinguish between DMAsIII and DMAsV in urine and biological tissues. Careful sample preservation and handling are required to ensure the stability
of trivalent arsenical metabolites.
Therefore, analysis of speciated As in target tissues could provide an effective tool
for estimating internal exposure and for identification of individuals with an increased risk of developing specific diseases associated with chronic exposures to iAs.
A better understanding of the role of phenotype, including trivalent methylated
species, in the binding, disposition, and toxicity of iAs has become a critical issue
for laboratory, epidemiological and risk assessment studies.
In the regulatory compliance, to address the impact of differential effects between
trivalent and pentavalent arsenicals, we should be able to utilize more comprehensive quantitative biologically based models to better estimate the human risks from
low level exposure to iAs.

2585

MODE OF ACTION OF METHYLATED TRIVALENT
ARSENIC WITH A FOCUS ON THE POTENTIAL
ACTION AS A CARCINOGEN.

M. P. Waalkes, C. Kojima, R. Orihuela and E. J. Tokar. NTP, NIEHS, Research
Triangle Park, NC.
Developmental inorganic arsenic (iAs) exposure causes cancer in adulthood in humans and rodents. There is suspicion that biomethylation products of iAs, including MAsIII, are important carcinogenic species, but there has been little direct evidence. In recent work, pregnant mice were exposed to MAsIII at 0 (control), 12.5
and 25 ppm in the drinking water from gestation day 8 to 18, and tumors were assessed in the offspring. Treated female offspring developed ovarian and uterine tumors and adrenal adenoma. Treated male offspring developed hepatocellular carcinoma, adrenal adenoma and lung adenocarcinoma. Males showed unusual
testicular lesions such as occasional rete testis carcinomas, adenomas, and hyperplasias, and interstitial cell tumors and hyperplasias. Thus, gestational maternal
MAsIII exposure produced tumors consistent with similarly applied iAs, although
the testicular lesions with MAsIII are distinct. Using target relevant cell lines in
vitro (liver, bladder, skin, prostate), we find that cells that can methylate iAs, and
thereby produce MAsIII, during chronic low level iAs exposure undergo malignant
transformation in about half the time as those cells that do not methylate or poorly
methylate the metalloid. Oxidative DNA damage (ODD) was measured using the
immunospin trapping method. In cells that methylate iAs, ODD increased to the
point of malignant transformation, but no ODD elevation occurred prior to transformation in cells that do not methylate iAs. If the various cells are exposed to
MAsIII they all undergo transformation at a similar time point (~20 weeks) and
show a similar level of increased ODD, regardless of ability to methylate. These
data indicate iAs acts through multiple carcinogenic mechanisms, one of which involves ODD in cells that methylate the metalloid. MAsIII appears to be an active
DNA oxidant specie in the carcinogenic process in cells that methylate.
Methylation is not, however, required for all cells to acquire a malignant phenotype, but it may hasten the process. The ODD of biomolecules induced by MAsIII
could have implications for diseases beyond cancer.

558

SOT 2012 ANNUAL MEETING

2586

ANALYSIS OF METHYLATED TRIVALENT ARSENICALS
IN BIOLOGICAL SAMPLES.

M. Styblo1, J. Currier1, J. Saunders1, M. Svoboda2, J. Dedina3 and T.
Matousek3. 1Nutrition, University of North Carolina at Chapel Hill, Chapel Hill,
NC, 2Charles University, Prague, Czech Republic and 3Institute of Analytical
Chemistry of the ASCR, Brno, Czech Republic.
Chronic exposure to inorganic arsenic (iAs) is associated with a variety of diseases.
The methylated trivalent metabolites of iAs, methylarsonite (MAsIII) and dimethylarsinite (DMAsIII), may play an important role in the etiology of these diseases.
Thus, monitoring the production of these metabolites would provide critical information about the health risks associated with iAs exposure. MAsIII and DMAsIII
have been detected in fresh urines of subjects exposed to iAs. However, the quantitative analysis of these metabolites is complicated by a rapid oxidation that converts
MAsIII to MAsV and DMAsIII to DMAsV. In addition, analytical methods requiring sample extraction or chemical modification may yield artifacts associated
with the oxidation or losses of the methylated trivalent species. We have used hydride generation-cryotrapping-atomic absorption spectroscopy (HG-CT-AAS) and
HG-CT-inductively coupled plasma-mass spectrometry (ICP-MS) for the oxidation state specific speciation analysis of As in biological samples. Our results show
that, in spite of their limited specificity, these methods represent efficient tools for
the quantitative analysis of MAsIII and DMAsIII in urine and in complex biological matrices, including cells and tissues. Here, hydrides from AsIII-species are generated directly at pH 6; for analysis of AsIII+V- species, the samples are pre-reduced
with cysteine. Analysis of cell lysates or homogenates digested in phosphoric acid is
used to control for As recovery. Using HG-CT-AAS or HG-CT-ICP-MS, both
AsIII- and AsV- species can be quantitatively analyzed in cells and tissues with As
recoveries of ~80-100% and comfortable detection limits. Moreover, both MAsIII
and DMAsIII are stable in cells and tissues for several weeks at -80°C, suggesting
that the quantitative oxidation state specific analysis of iAs metabolites is possible
even in frozen tissues and cells collected in laboratory or population-based studies.

2587

ROLE OF AS3MT POLYMORPHISM IN ARSENIC
METABOLISM: TRIVALENT ARSENICALS.

Z. Drobna1, L. Del Razo2, G. Garcia-Vargas3, O. Valenzuela2, E. Hernandez
Castellanos2, L. C. Sanchez-Pena2, D. Loomis4 and M. Styblo1. 1Nutrition,
CB#7461, University of North Carolina at Chapel Hill, Chapel Hill, NC,
2Toxicology, Cinvestav-IPN, Mexico City, Mexico, 3Juarez University, Durango,
Mexico and 4Epidemiology, University of Nebraska, Omaha, NE.
Arsenic (+3 oxidation state) methyltransferase (AS3MT) is a key enzyme in inorganic arsenic (iAs) metabolism. In humans, sequential methylation of ingested iAs
by AS3MT produces trivalent and pentavalent monomethylated (MAs) and dimethylated (DMAs) arsenicals. Trivalent arsenicals are more toxic and reactive than
their pentavalent counterparts. Urinary profiles of iAs and its metabolites are used
to assess arsenic exposure and methylation capacity of individuals and to predict the
risk of arsenic-related diseases. Inter-individual differences in iAs metabolism have
been associated with AS3MT polymorphisms. Most of the studies associated
AS3MT polymorphism with levels of total arsenic or pentavalent arsenicals in
urine. In our studies AS3MT polymorphism is evaluated with respect to urinary
profiles of trivalent methylated metabolites of iAs (MAsIII and DMAsIII). A crosssectional study was conducted in the Zimapan and Lagunera regions in Mexico to
examine the links between AS3MT polymorphism, urinary profiles of iAs metabolites, and premalignant skin lesions and diabetes. Among all tested genotypes
T14458C (Met287Thr) individuals carrying the C (TC+CC) allele were at risk for
premalignant skin lesions (OR=4.28; 95% CI 1.0-18.5). Carriers of C allele had
significantly higher percentage of MAsIII and DMAsIII in urine. When diabetes
markers were analyzed as continuous variables, carriers of the TC+CC genotypes of
Met287Thr had elevated levels of fasting blood glucose, 2-hour blood glucose level
determined by oral glucose tolerance test, and glycated hemoglobin. Notably, the
Met287Thr polymorphism is linked with another GC+CC polymorphism
(G4965C) present in the promoter region of AS3MT. These findings suggest that
Met287Thr increases the susceptibility to premalignant As skin lesions and diabetes, by increasing the production of methylated trivalent arsenicals in individuals
exposed to environmental iAs.

2588

PREVALENCE OF DIABETES AND ITS ASSOCIATION
WITH URINARY TRIVALENT METHYLATED ARSENIC
SPECIES IN ENDEMIC REGIONS IN MEXICO.

D. Loomis1, L. M. Del Razo2, G. G. García-Vargas3, Z. Drobna4 and M.
Styblo4. 1Epidemiology and Eppley Cancer Institute, University of Nebraska Medical
Center, Omaha, NE, 2Toxicology, Cinvestav-IPN, Mexico, D.F., Mexico, 3Medicine,
Juarez University of Durango State, Gomez Palacio, Durango, Mexico and 4Nutrition,
University of North Carolina at Chapel Hill, Chapel Hill, NC.
Inorganic arsenic (iAs) is known to cause cancer and other chronic diseases and is
suspected of causing diabetes mellitus. Our research examines associations of diabetes with exposure to iAs in drinking water and metabolites of iAs in urine in areas
of Mexico where the concentration of iAs in drinking water has been historically
high. We conducted a cross-sectional study among adults and children age ≥5 years
living in Durango, Coahuila and Hidalgo states. Information on water supplies and
residential and medical history was obtained by questionnaire and participants provided samples of drinking water and spot urine. Prevalent diabetes was classified by
fasting blood glucose (FBG) (≥125 mg/dl), oral glucose tolerance test (OGTT)
(≥200 mg/dl) and self-report of diabetes diagnosis or treatment. iAs and its metabolites in urine were analyzed by hydride generation-atomic absorption spectroscopy.
Associations between diabetes and iAs and urinary metabolites of iAs were estimated by logistic regression with adjustment for age, sex, hypertension and obesity.
Urinary creatinine was evaluated as a covariate in analyses of urinary metabolites.
The odds ratio (OR) for diabetes increased about 1% per ng/ml of As in water
(95% CI 1.01-1.02). Diabetes was associated with current iAs exposure, but not
with cumulative arsenic exposure, or with total urinary arsenic concentration or
total tri- or pentavalent iAs in urine. However, the odds of diabetes increased 7%
per ng As/ml of urinary dimethylarsenite (DMAsIII) (OR 1.07, 95% CI 1.011.13) after adjustment for creatinine and 5% per ng/ml without adjustment.
Neither methylarsonite (MAsIII) nor pentavalent methylated arsenicals in urine
were associated with diabetes. This study links diabetes with exposure to iAs and is
the first to suggest that the DMAsIII may be a marker for the risk of developing diabetes.

2589

PHYSIOLOGICALLY BASED PHARMACOKINETIC
(PBPK) MODELING CONSIDERING METHYLATED
TRIVALENT ARSENICALS.

E. M. Kenyon and H. El-Masri. ORD/NHEERL/ISTD, US EPA, Durham, NC.
PBPK modeling provides a quantitative biologically-based framework to integrate
diverse types of information for application to risk analysis. For example, genetic
polymorphisms in arsenic metabolizing enzymes (AS3MT) can lead to differences
in target tissue dosimetry for key trivalent methylated metabolites causative in toxic
and carcinogenic response. This type of variation can be quantitatively incorporated into pharmacokinetic (PK) models and used together with population based
modeling approaches to evaluate the impact of genetic variation in methylation capacity on dose of trivalent metabolites to target tissue and its correlation with disease outcomes in human populations. Our current PBPK model allows estimation
of levels of inorganic As and its pentavalent methylated metabolites in human tissues and urine after oral exposure to either arsenate (AsV) or arsenite (AsIII) via interconnected individual PBPK models for AsV, AsIII, monomethylarsenic acid
(MMAv), and, dimethylarsenic acid (DMAv). Reduction of MMAv and DMAv to
their respective trivalent forms occurs in the liver and kidney (with subsequent urinary excretion). Advances in reliable measurement of methylated trivalent arsenicals in tissues and urine have enhanced the availability of both (a) quantitative data
linking biomarkers of exposure with epidemiologic outcomes and (b) interaction of
trivalent arsenicals with critical binding proteins. These data could allow both further evaluation of the current model and incorporation of binding to key proteins
in liver and kidney that can markedly impact target tissue dosimetry of trivalent
methylated arsenicals. An enhanced PBPK model could be used, combined with
Monte-Carlo techniques, to identify population-based distributions for sensitive
parameters (e.g., metabolic rate parameters differing due to genetic polymorphisms) and then used to address the impact of these differing distributions on the
human risks due to arsenic exposure. [This abstract does not necessarily reflect EPA
policy.]

2590

ADVANCING FOOD SAFETY IN A GLOBAL
MARKETPLACE.

N. J. Stagg1, A. Tritscher2, D. Wilson3, A. Boobis4, B. Chassy5 and C.
Carrington6. 1Human Health Assessment, Dow AgroSciences, Indianapolis, IN,
2Department of Food Safety and Zoonoses, World Health Organization, Geneva,
Switzerland, 3Toxicology and Environmental Research and Consulting, The Dow
Chemical Company, Midland, MI, 4Division of Investigative Science, Imperial
College, London, United Kingdom, 5Food Science and Human Nutrition, University
of Illinois at Urbana-Champaign, Urbana, IL and 6Center for Food Safety and
Applied Nutrition, US FDA, College Park, MD.
Advancements in packaging technology, such as those that extend food shelf-life,
agricultural products including pesticides and genetically modified crops, and a
more integrated and global marketplace have led to increased food quantity and
quality, but as a consequence have also led to concerns about food safety and potential risks to public health. These global food safety concerns range from incidental or deliberate food contamination from micro-organisms or toxic substances,
chemicals migrating into food from food containers, pesticide residues on food,
and genetically modified foods. Our panel of experts will highlight the sciencebased approaches being used to regulate food safety in the food, chemical, and agricultural industries across the world. To underscore the important of these issues, we
will identify opportunities for advancing technologies and science across many sectors including academia, industry, government, and public health organizations, to
build confidence in the safety of our food to protect human health.

2591

NEW APPROACHES TO ASSESSING SAFETY/RISK OF
CHEMICAL CONTAMINANTS IN FOOD.

A. Tritscher. Department of Food Safety and Zoonoses, World Health Organization,
Geneva, Switzerland.
The challenges confronting food safety at an international level have increased dramatically over the last decade as the food supply has become more global. The potential hazards are varied and complex and encompass chemical, microbiological,
and radiological threats. Chemical hazards include those that may occur naturally
or are anthropogenic and are introduced into the food supply inadvertently or deliberately. Recent events like the melamine and analogues in pet food and infant
formula and the tragic consequences of the Japanese earthquake and tsunami have
highlighted the impact that these threats can have on an international level. In the
past, these episodes have been usually confined to national boundaries and have
tended to impact food safety on a country by country basis. With food now traveling great distances to new markets, the negative consequences have an impact
around the world. The WHO is the sole international public health organization
that can co-ordinate the appropriate public health response in dealing with these
international food crises. Some of the issues that will be addressed and described
will be the following: the integration and use of new science in the assessment of
the hazards and risks of chemical threats, new approaches/methodologies to assess
the safety/risk to the global food supply, and new technologies that are being
brought to bear to facilitate the detection of chemically contaminated foods. The
mechanisms and approaches that have been developed under the auspices of the
WHO will be described and will include actual case monitoring strategies for
proactively and retroactively detecting and responding to outbreaks of chemical
food contamination.

2592

EVALUATING THE SAFETY OF MATERIALS USED IN
FOOD CONTACT MATERIALS.

D. Wilson. Toxicology and Environmental Research and Consulting, The Dow
Chemical Company, Midland, MI.
The safety of food contact materials is assessed for global markets, with the understanding that regional jurisdictions may have specific regulatory requirements.
Many of the polymers and/or their monomers and functional additives are listed by
regulatory agencies as being cleared for food contact uses; however, some components such as catalysts, initiators, reaction products, etc., might not be listed or
evaluated by any government body. There must be assurance that the products produced for use in food contact materials preclude substances from being transferred
to food in quantities large enough to endanger human health. Our safety assessment approach combines quantitative analysis of extracts using food simulants with
an assessment of migration. The exposure estimate, combined with structural
knowledge and available toxicological data are then used to determine if the exposure is sufficiently low to preclude a concern for human health using the threshold
of toxicology concern (TTC). If not, the amount and type of toxicology data required to evaluate the safety of a food-contact compound will vary based upon the
expected dietary exposure and the structure of the component of interest. This
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tiered approach of targeted testing based on exposure estimates and structural considerations allows for optimal utilization of resources to ensure human safety for
food contact materials.

2593

ADVANCES IN SAFETY/RISK ASSESSMENTS OF
PESTICIDE RESIDUES ON FOODS.

A. Boobis. Division of Investigative Science, Imperial College, London, United
Kingdom.
Data requirements for testing of pesticides are amongst the most rigorous in the
world. However, despite concern on the one hand that not all of the data generated
are necessary for the required risk assessments, on the other hand there is concern
that not all relevant effects are being assessed adequately, e.g. endocrine modulation. There has been limited refinement of data requirements and approaches are
being developed for additional endpoints, but as yet there has been no concerted
overhaul. Whereas assessment of the active ingredient is now relatively thorough,
substantial questions remain on how to address cumulative exposures, with suggestions that assessment groups should be much broader than heretofore. Similarly,
there is increasing concern regarding the appropriate toxicological residue definition, and how plant specific metabolites and environmental degradates should be
evaluated. It is not feasible to subject them all to full toxicity testing. Hence, screening strategies such as the threshold of toxicological concern are necessary, as is the
development and application of effective methods for chemical read-across.

2594

REGULATING THE SAFETY OF FOODS AND FEEDS
DERIVED FROM GENETICALLY MODIFIED CROPS.

B. Chassy. Food Science and Human Nutrition, University of Illinois at UrbanaChampaign, Urbana, IL. Sponsor: N. Stagg.
Transgenic crops have been planted on more than one billion Ha by more than 15
million farmers in over 25 countries during the last 15 years. Farmers have found
that GM crops can increase yield and profitability while reducing pesticide use and
greenhouse gas emissions from agriculture. No credible report of adverse effects to
humans or animals has been documented to have occurred from the ingestion of
GM crops, although critics of GM crops have made numerous claims about the incidence of adverse effects. Although the National Academy of Science has repeatedly stressed that GM crops pose no new or different risks, GM crops are required
to pass regulatory review prior to their commercial release. The comprehensive
safety assessment that is applicable to new GM varieties includes a thorough molecular characterization of the newly inserted DNA as well as any novel proteins and
metabolites. The products of inserted genes and their mechanism of action must be
established. Proteins and metabolites are subjected to toxicological evaluation, and
their potential allergenicity is assessed through bioinformatics analysis, evaluation
of their stability and digestibility, and if indicated through serum or other immunological tests. A comprehensive composition analysis is also performed. Whole
food feeding studies in laboratory and production animals may also be required in
some countries. With more than half of the world’s population now living in countries that have adopted GM crops, and with numerous other countries poised to
adopt them, it might be appropriate to reduce the regulatory scrutiny of GM crops
to a level that is commensurate with real risk.

2595

RISK ASSESSMENT AND MANAGEMENT OPTIONS
FOR CHEMICAL CONTAMINANTS IN A GLOBAL
FOOD SUPPLY.

C. Carrington. Center for Food Safety and Applied Nutrition, US FDA, College
Park, MD.
The purpose of regulating chemical contaminants in food involves the promulgation of risk management policies that will result in the elimination or reduction of
exposure to a chemical in food, whether anthropogenic or natural in origin. Two of
the most common policy formulations involve either setting a contaminant level
that is considered tolerable or proscribing particular food production practices. The
establishment of a contaminant level in food generally is determined on the basis of
a toxicological evaluation that identifies an exposure/dosage level deemed to be tolerable and an assessment of the potential dietary exposure to the chemical.
However, if the means of enforcement or compliance and costs are not considered,
the resulting policy of establishing a tolerable level of exposure may not be practicable for several reasons. First, the required interventions (e.g., production practices)
to achieve a tolerable concentration level may be cost prohibitive. Second, monitoring compliance to a tolerable concentration level on a regular basis may not be economically feasible. Third, a desirable intervention may reduce contaminant levels in
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a food and consumer exposure, but without necessarily meeting a particular level
deemed tolerable. When compliance practices are explicitly considered and their
impact assessed, regulatory policies that focus on particular production practices
may be easier to monitor than the enforcement of a concentration level. However,
the formulation and establishment of a regulatory policy that prescribes a production practice is more difficult. In addition to a prerequisite hazard and risk characterization of the relationship between exposure to a chemical and the attendant
health consequences, the establishment of a production practice that is intended to
reduce chemical risks must consider other factors such as consumer practices, monitoring capabilities, and the effectiveness of specific interventions that may be taken
by the food industry.

2596

DISCOVERING NOVEL HYPOTHESES FOR
MECHANISMS OF TOXICITY FROM HIGH-CONTENT
DATA SETS.

N. Greene and A. Enayetallah. Pfizer Inc., Groton, CT.
For over a decade researchers have sought to apply technologies such as genomics,
proteomics, and metabolomics to either predict toxicity through the use of gene,
protein, or metabolite signatures or to further understand modes of action in toxicity through chemical exposure. There have been some success stories in recent years
but largely these technologies have not lived up to the promises made when they
were first developed. The complex nature of biological systems and the multivariate
nature of a system’s response to a xenobiotic have made it difficult to pick apart the
true causes of the phenotypic changes that are observed. In addition, the explosion
of data available in the public domain has made it difficult for the human brain to
keep up with current knowledge and apply this effectively to a set of experimental
readouts to determine cause and effect relationships. Xenobiotics often induce their
biological effects via interactions with one or more biological targets, thus triggering whole cascades of events that culminate in adverse events in humans.
Understanding the nature of these events, coupled with consideration of their relevance to the human mode of action and target context, will improve the scientific
basis and thus increase the accuracy of risk and safety assessments. In addition, better understanding of toxicological modes of action will ultimately lead to the development of more predictive models of in vivo biological responses. Where these take
the form of in vitro biochemical and cell-based assays it will lead to the reduction of
the use of animals in laboratory experiments. This session will outline some of the
cutting–edge research and methodologies for distilling down the vast array of public information into more manageable sets of knowledge and relationships. We will
discuss novel in silico approaches to mine these relationships and formulate hypotheses for modes of action of the compound or biological target under study and
present some applications of these methods in understanding toxicological mechanisms.

2597

PREDICTING MECHANISMS OF CHEMICAL
TOXICITY USING THE COMPARATIVE
TOXICOGENOMICS DATABASE (CTD.

C. J. Mattingly, A. P. Davis, C. G. Murphy, C. A. Saraceni Richards, S.
Mockus, M. C. Rosenstein, T. C. Wiegers and B. King. The Mount Desert Island
Biological Laboratory, Salisbury Cove, ME.
The Comparative Toxicogenomics Database (CTD; http://ctd.mdibl.org/) is a
freely available resource that provides curated and integrated data aimed at understanding the mechanisms of chemical-induced toxicity. Curated data consists of
chemical-gene/protein interactions as well as chemical-disease and gene-disease relationships. These data are integrated with additional pathway and functional information such that novel inferences can be made about the complex impact of
chemicals on both the etiology and treatment of human disease. Of particular relevance for the prediction of toxicity are CTD’s ChemComps, inferred chemical-disease relationships, and enriched Gene Ontology (GO) and pathway annotations.
ChemComps uses a Jaccard index to identify similar chemicals based on common
gene interaction profiles. This measure allows users to a) identify chemicals with
potentially similar modes of action, despite differences in chemical structure and b)
gain additional insight about a chemical of interest by examining other chemicals
with similar modes of action. Inferred chemical-disease relationships are based on
common interacting gene sets. These gene sets are entirely unique to CTD and provide a mechanistic foundation for developing testable hypotheses about how a
chemical may contribute to the etiology or treatment of a disease. Enriched GO
and pathway annotations are calculated for chemicals based on common interacting genes. These data provide insight into biological functions and canonical pathways that may be targeted by chemicals. This presentation will provide a case study
that demonstrates how one might use CTD to investigate and develop predictive
models about mechanisms of chemical-induced toxicity.

2598

A NOVEL COMPUTATIONAL APPROACH FOR EARLY
PREDICTION OF TARGET-BASED TOXICITY
THROUGH DOWNSTREAM MOLECULAR CAUSAL
REASONING.

D. Laifenfeld1, D. Pratt1, J. Park1, D. Drubin1 and M. Lawton2. 1Selventa Inc.,
Cambridge, MA and 2Pfizer, Groton, CT.
Using computational methods to predict target-based toxicity early in drug development, before significant investment in drug discovery, can dramatically reduce
cost, minimize candidate attrition, and improve the overall success rates of drug development. Perhaps more importantly, it has the potential to reduce patient exposures to harmful drug toxicities in early clinical development. To effectively assess
target safety early in the process, it is important to understand the molecular mechanisms downstream of the target and the molecular mechanisms that underlie
known drug toxicities. Using a database of prior knowledge as a substrate, we developed an application that uses novel path-search algorithms that comb through
the knowledgebase to connect targets to pathologies. The application defines biologically plausible and relevant paths from target to pathology using a set of rules
and parameters for path selection. It also includes metrics for path prioritization
based on the types of connections between molecules within the path as well as on
the path length. We will present examples of paths downstream of several targets
that can be causally associated with drug-induced toxicities. The examples include
proof-of-concept paths that recapitulate known networks, as well as novel biology
through causal reasoning from a target to a toxicity. Since the identified paths are
comprised of discrete molecular mechanisms downstream from a target that can
lead to a pathology, they allow for the evaluation of target-induced toxicity with the
ability to test and validate specific mechanisms in the laboratory.

2599

TOXICITY BIOLOGICAL NETWORKS USING CAUSAL
REASONING TO LEVERAGE HIGH-THROUGHPUT
QUANTITATIVE SILAC PROTEOMICS.

A. Enayetallah1, P. Ajuh2, S. Nadanaciva1, D. Ziemek1, N. Greene1 and K.
Leach1. 1PGRD, Pfizer Inc., Groton, CT and 2Dundee Cell Products Ltd, Dundee,
United Kingdom.
In this study we used high throughput quantitative proteomics involving stable isotope labeling with amino acids in cell culture (SILAC) leveraged by a recently developed systems biology approach (Causal Reasoning Engine, CRE) to investigate
the effects of chemical compounds (thiazolidinediones) on the cellular proteome of
HepG2 cells. SILAC is a metabolic labeling technique that involves growing two
populations of cells, one in a medium that contains ‘light’ (normal) amino acids
and the other in a medium that contains ‘heavy’ amino acids (containing 13C instead of 12C, 2H instead of H or 15N instead of 14N). This leads to a known mass
shift that allows relative quantitation by determining the ratios between heavy and
light peptides identified by mass spectrometry. The quantitative proteomics analyses resulted in data that we then used to investigate cellular pathways affected by
drug treatment using CRE. CRE is an algorithm that was originally designed to utilize microarray transcriptomic data. Here we adapted the algorithm to interrogate
proteomics results in context of causal statements derived from the biomedical literature to infer upstream molecular events driving these protein changes. The inferred upstream events (also called hypotheses) are aggregated into biological models using a set of analytical tools that allow for evaluation and integration of the
hypotheses in context of their supporting evidence. In comparison to more traditional proteomic analysis tools CRE results provided highly detailed molecular hypotheses that made up biological networks to explain the measured protein
changes. These networks include oxidative stress, ER stress and protein folding abnormalities. Finally, the CRE hypotheses provide new insight into variation of potential toxic molecular mechanisms within the same compound class.

2600

IDENTIFYING MECHANISMS OF DRUG-INDUCED
TOXICITY USING METABOLOMICS.

D. F. Grant. Department of Pharmaceutical Sciences, University of Connecticut,
Storrs, CT.
The goal of metabolomics studies is to identify small molecules (between 50 and
1000 Da) that are differentially expressed among treatment groups. The identified
compounds are then used for a variety of purposes including biomarker discovery,
disease diagnosis, disease prognosis, and perhaps more importantly, to gain an understanding of biochemical mechanisms. In particular, metabolomics studies hold
significant promise for identifying mechanisms of drug-induced toxicity since
metabolite perturbations often occur at very early time points. Thus, primary rather
than secondary toxicity mechanisms are likely identified. For mechanistic toxicity
studies, global (non-targeted) metabolomic studies are ideal since molecular mech-

anisms and targets are often unknown. Global metabolomic studies provide huge
data sets that list structural ”features” (retention times, m/z values, collision induced dissociation spectra, etc) that can be correlated with traditional toxicity endpoints. Unfortunately, most attempts at identifying actual chemical structures fail
or require years of effort, and thus toxicity mechanisms remain obscure. We have
developed analytical and computational methods that attempt to solve this problem. These involve matching experimental features (retention time, exact mass, ion
mobility, collision induced dissociation spectra, and survival yield data) with computational predictions of these features using large chemical data bases for candidate structures.

2601

MUSCLE TOXICITY—CURRENT CHALLENGES IN
TRANSLATABLE BIOMARKERS.

D. Robinson-Gravatt1 and W. Glaab2. 1Drug Safety R&D, Pfizer, Groton, CT and
2Safety Assessment, Merck, West Point, PA.
Compound-related injury to cardiac and skeletal muscle are common preclinical
and clinical toxicities observed in drug development, and have resulted in the withdrawal of several pharmaceutical agents from the market. Current biomarkers for
detecting muscle injuries can be both insensitive and nonspecific as well as poorly
predictive. Improving the ability to detect drug-induced muscle injuries will facilitate preclinical and clinical drug development and help ensure patient safety. This
session will focus on a consortium approach to qualify novel muscle biomarker candidates and seek regulatory endorsement for specific use claims, and will include
presentations on: (1) the biomarker qualification approach being used by the
Critical Path Institute’s Predictive Safety Testing Consortium (PSTC) in partnership with FDA and EMA, (2) a pathological assessment of cardiac and skeletal muscle drug-induced toxicities, (3) a Biomarker Qualification Submission (BQS) for
skeletal muscle biomarkers consisting of ~40 rat studies from consortium member
companies, (4) a clinical qualification strategy for the proposed skeletal muscle biomarker candidates, (5) cardiac hypertrophy biomarker candidates based on clinical
data and a reverse translational strategy for their qualification into preclinical use,
and (6) FDA perspective on novel safety biomarker qualifications for preclinical
and clinical applications. Data will be presented highlighting the qualification and
implementation of these novel cardiac and skeletal muscle biomarkers in drug development, as well as discussion about the importance of agency endorsement to
further promote translation to clinical applications and better enable drug development.

2602

BIOMARKERS OF CARDIAC AND SKELETAL MUSCLE
TOXICITY—PRECLINICAL QUALIFICATION AND
TRANSLATION TO CLINICAL USE.

D. Robinson-Gravatt. Drug Safety R&D, Pfizer, Groton, CT.
Compound-related injury to cardiac and skeletal muscle are common preclinical
and clinical toxicities observed in drug development, and have resulted in the withdrawal of several pharmaceutical agents from the market. Current biomarkers for
detecting muscle injuries can be both insensitive and nonspecific as well as poorly
predictive. Improving the ability to detect drug-induced muscle injuries will facilitate preclinical and clinical drug development and help ensure patient safety. This
session will focus on a consortium approach to qualify novel muscle biomarker candidates and seek regulatory endorsement for specific use claims, and will include
presentations on the biomarker qualification approach being used by the Critical
Path Institute’s Predictive Safety Testing Consortium (PSTC) in partnership with
the US FDA and EMA; a pathological assessment of cardiac and skeletal muscle
drug-induced toxicities; a Biomarker Qualification Submission (BQS) for skeletal
muscle biomarkers consisting of ~40 rat studies from consortium member companies; a clinical qualification strategy for the proposed skeletal muscle biomarker
candidates; cardiac hypertrophy biomarker candidates based on clinical data and a
reverse translational strategy for their qualification into preclinical use; and, the US
FDA perspective on novel safety biomarker qualifications for preclinical and clinical applications. Data will be presented highlighting the qualification and implementation of these novel cardiac and skeletal muscle biomarkers in drug development, as well as discussion about the importance of agency endorsement to further
promote translation to clinical applications and better enable drug development.

2603

DRUG-INDUCED TOXICITIES OF CARDIAC AND
SKELETAL MUSCLE.

G. Hall. Eli Lilly and Company, Indianapolis, IN. Sponsor: D. Watson.
Performance of investigational biomarkers for drug-induced injury is often anchored to histopathologic changes induced by reference compounds. Injury to striated muscles may occur via a number of pathogenetic mechanisms but the spectrum of morphologic responses to these insults is fairly limited. The basic histology
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and patterns of toxic injury to cardiac and skeletal muscle will be discussed in order
to provide a foundation of understanding for subsequent presentations. The nature
and phase of the morphologic changes will be important determinants in the rationale for considering particular molecules as candidate safety biomarkers. For example, it is reasonable to assume that sarcoplasmic proteins will likely require loss
of myocyte viability or membrane integrity in order to appear in serum in concentrations high enough to provide a signal of myocyte injury. Therefore, for the assessment of these particular types of biomarkers, myocyte degeneration/necrosis
will likely be a critical anchoring feature. When histopathologic changes are considered appropriate reference points for evaluation of biomarker performance, the lexicon for recording these changes should be adapted from that employed for general
toxicity studies with recognition of the distinct goals of biomarker characterization
efforts and designed to faithfully capture changes relevant to the likely capabilities
of the various investigational biomarkers. While changes in caliber (hypertrophy
and atrophy) are within the repertoire of both cardiac and skeletal myocytes, cardiac hypertrophy in response to drug-induced hemodynamic stress represents a particularly important biomarker need. Cardiac hypertrophy, however, is an example
of a morphologic endpoint for which histopathology is not the most sensitive anchor; other assessments such as heart weight are more easily determined reference
points for this change.

2604

QUALIFICATION OF NOVEL SKELETAL MUSCLE
TOXICITY BIOMARKERS BY THE PSTC WORKING
GROUP.

D. E. Watson. Investigative Toxicology, Eli Lilly and Company, Indianapolis, IN.
Skeletal muscle (SKM) toxicity is an undesirable side-effect of some valuable medications, including statins and fibrates. Existing biomarkers of SKM injury are helpful for the diagnosis of SKM injury, including serum creatine kinase (CK) and aspartate aminotransferase (AST) enzyme activities. However, CK and AST lack
specificity for SKM, and can be non-responsive when SKM injury is detected by
histopathology in toxicology studies. In recognition of these limitations the PSTC
formed a Skeletal Muscle Working Group to begin qualifying novel SKM biomarkers for use in rat toxicology studies. The novel biomarkers include known sarcomeric and soluble proteins, including skeletal troponins T1 and I2, myosin light
chain 3, fatty acid binding protein 3, parvalbumin, creatine kinase M, and myoglobin. Concentrations of these proteins were measured in serum and plasma (or urine
in the case of myoglobin) in up to 40 rat toxicology studies that used a range of
known and proprietary compounds. Sensitivity and specificity of AST, CK, and the
novel biomarkers were evaluated relative to histopathology findings of degeneration
and necrosis in a variety of SKM tissues, including soleus and quadriceps. The performance characteristics of the existing and novel biomarkers will be discussed,
both individually and in combination with one another, as predictors of SKM injury. In addition, some biomarkers show preferential expression in Type 1 or Type 2
skeletal muscle fibers, as revealed by immunohistochemistry. The value of these biomarkers for discriminating between injury occurring in slow twitch (Type I) vs. fast
twitch (Type II) skeletal muscle fibers will also be discussed.

2605

CLINICAL TRANSLATION OF SKELETAL MUSCLE
BIOMARKERS.

W. Glaab. Merck Research Laboratories, West Point, PA.
Drug-induced skeletal muscle injury is a common preclinical and clinical toxicity
observed in drug development, and has resulted in the withdrawal of several pharmaceutical agents from the market. Current biomarkers for detecting skeletal muscle injury are both insensitive and nonspecific, and improving the ability to detect
drug-induced skeletal muscle injuries will help facilitate preclinical and clinical
drug development and ensure patient safety. Qualification of novel skeletal muscle
toxicity biomarkers is an on-going initiative using a consortium approach through
the Critical Path Institute’s Predictive Safety Testing Consortium (PSTC).
Preliminary preclinical data from the PSTC Skeletal Muscle Working Group support a Biomarker Qualification Submission (BQS) to seek regulatory endorsement
from both the FDA and EMA, demonstrating the added value of these novel biomarkers in detecting drug-induced skeletal muscle injury. In order to translate these
novel biomarkers from preclinical to clinical settings, the Skeletal Muscle Working
Group has developed a clinical translation strategy. This presentation will outline
the working group’s translational strategy, and review currently monitored clinical
skeletal biomarker endpoints used routinely in the clinic. Identification of clinical
assays for the novel biomarker candidates will be presented, as well as early validation work on these existing assays including available clinical baseline data. The
presentation will conclude with identification of normal and/or disease populations
needed to establish baseline measurements for the novel biomarkers, and the next
steps needed to secure clinical samples from drug-induced skeletal muscle toxicities.
Establishing these novel biomarkers in the clinic will be essential to fully leverage
the preclinical qualification efforts and further enable clinical drug development.
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REVERSE TRANSLATING CLINICAL BIOMARKERS—A
NONTRADITIONAL APPROACH TO QUALIFY NTPROANP.

M. E. Dunn1 and H. Colton2. 1Nonclinical Safety, Hoffman-La Roche, Nutley, NJ
and 2Safety Assessment, Glaxo SmithKline, Research Triangle Park, NC.
The current paradigm for the non-clinical development of molecules is lacking accessible biomarkers for identifying drug-induced hemodynamic perturbations.
Many of these drug-induced cardiovascular changes can lead to cardiac hypertrophy, decreased left ventricular ejection fraction (LVEF) and ultimately heart failure.
Histomorphology lacks the sensitivity to detect the early changes leading to pathologic hypertrophy. While functional analysis using echocardiography has the greatest ability to characterize hemodynamic changes, these imaging techniques are
rarely utilized in routine and long-term toxicology studies. Natriuretic peptides
(NP’s) are hormones secreted by cardiomyocytes in response to stretch resulting
from increased cardiac pressure or afterload. NP’s have proven to be noninvasive
clinical diagnostic and prognostic markers for the assessment of heart failure. Given
their proven utility in humans, NP’s are candidates for circulating translational biomarkers that could be used during drug development in preclinical species. The
Cardiac Hypertrophy Working Group (CHWG) of the Predictive Safety Testing
Consortium (PSTC) initiated an effort to qualify N-terminal pro-natriuretic peptide (NT-proANP) for use as a non-clinical cardiovascular biomarker for compounds in development. The group has generated data on NT-proANP from rat
toxicology studies, from which increased concentrations in the serum of rats were
correlated with cardiac hypertrophy, defined by increased heart weight and/or left
ventricular mass. The preclinical performance of NT-proANP will be investigated
and compared in relation to the clinical performance of brain natriuretic peptide
(BNP) for diagnosing cardiac hypertrophy and/or decreased LVEF. Given the current clinical use of BNP, this qualification will involve a unique reverse translational
approach. The application of this approach and its potential to improve risk assessments for cardiovascular toxicity in patients will be discussed.

2607

A US FDA PERSPECTIVE ON SAFETY BIOMARKERS
AND THE QUALIFICATION PROCESS.

M. Walton. Office of Translational Sciences, CDER, Food and Drug Administration,
Silver Spring, MD. Sponsor: D. Robinson-Gravatt.
Drug related toxicities are important determinants of whether a drug candidate can
be successfully developed for clinical use and how widespread the approved drug’s
appropriate use will be. Cardiac and skeletal muscle injuries are among the types of
toxicities that have been significant for drugs, and often are not fully appreciated
until the post-marketing safety information is available. Improved techniques for
detecting and evaluating muscle injury can aid drug development. This presentation will provide an overview of the Biomarker Qualification Process at the FDA
and how this is intended to advance clinical drug development. Identifying a
Context of Use for the biomarker is a critical step in the development of biomarkers as the data justifying acceptance of the biomarker must be relevant to selected
context of use. This will be discussed and how Context of Use relates to safety biomarkers. Non-clinical muscle injury biomarkers can have an important direct role
in more efficiently developing therapies, but knowledge about the drug related injury performance of the biomarkers can also have an important role in the qualification of the biomarkers for clinical use. This presentation will also discuss the
value of documenting and assessing the impact of the biomarkers that have been
qualified and incorporated into drug candidate development.

2608

PROGENITOR AND STEM CELLS AS TARGETS OF
ENVIRONMENTAL POLLUTANTS.

D. J. Conklin and P. Haberzettl. University of Louisville, Louisville, KY.
Stem and progenitor cells, including hematopoietic stem cells (HSC), endothelial
progenitor cells (EPC), and mesenchymal stem cells (MSC), are potential important targets of environmental pollutants due to their capacity to differentiate and
divide. These progenitor/stem cells are mobilized from their niches (e.g., bone marrow and spleen) by a variety of stimuli to the circulation where they effectively regulate organ and tissue homeostasis and repair after injury. Epidemiological studies
suggest these cells play an important role in the development of human disease and
indicate environmental exposures affect both the number and function of circulating stem/progenitor cells. For example, exposures to 2,3,7,8-tetrachlorodibenzo-pdioxin (TCDD) are associated with an increased risk of specific hematological diseases, whereas inhalation of particulate and volatile air pollutants is associated with
decreased circulating endothelial progenitor cells, which is a risk factor of cardiovascular disease. Thus, the level of circulating stem/progenitor cells could be a sensitive biomarker of pollutant exposure, as well as being a mechanism by which pol-

lutant exposure affects disease risk. The mechanisms and signaling pathways by
which different pollutants affect stem/progenitor cell number and function are not
well understood. This session will provide an overview of how different types of
adult stem/progenitor cells are measured in number and function, and also address
the underlying mechanisms by which diverse environmental pollutant exposures affect these important cells.

2609

EXPOSURE TO AIRBORNE FINE PARTICULATE
MATTER PM 2.5 AND DEFECTS IN CIRCULATING
STEM CELLS IN HUMANS AND MICE.

In contrast, a comparative study testing the effects of acrolein- or PM2.5-inhalation
on the bone marrow showed that the decline in the blood was accompanied with an
increase of Flk-1+/Sca-1+-cells in the bone marrow. Culturing of bone marrow cells
isolated from mice exposed to CAP or acrolein, likewise showed an increased outgrowth of colony forming units and Flk-1+/Sca-1+ or acLDL+/UE-lectin+ bone marrow-derived cells. Combined VEGF/AMD3100 treatment to stimulate EPC mobilization from the bone marrow was inhibited by either CAP or acrolein inhalation.
Investigations of upstream signal transduction events uncovered that both environmental pollutants inhibited endothelial VEGF-signaling. These findings indicate
that particulate and volatile air pollutants similarly obstruct VEGF-mediated mobilization of EPCs from the bone marrow, which indicates a potential common
mechanistic link between environmental exposures and CVD.

T. E. O’Toole. University of Louisville, Louisville, KY. Sponsor: D. Conklin.
Acute and chronic exposure to elevated levels of fine particulate matter (PM2.5) is
associated with a spectrum of cardiovascular disorders that likely arise from the development and maintenance of a dysfunctional endothelium. Damage to the endothelium is alleviated in part by a group of progenitor cells, the so-called endothelial progenitor cells (EPCs), which are mobilized from specific niches, home to sites
of vascular damage and mediate repair through their terminal differentiation or
paracrine effects. Indeed numerous studies have identified an inverse correlation
between EPC number and CVD risk. To test the hypothesis that the cardiotoxic effects of PM2.5 exposure results from defects in EPC-mediated repair, we initially
quantified levels of these cells in humans exposed to natural variations in PM2.5. We
observed that the highest levels of exposure were associated with a depletion of circulating EPCs. In parallel studies, mice exposed to concentrated ambient PM2.5
(CAPs) also demonstrated reduced levels of circulating EPCs, but enhanced levels
in the bone marrow. Treatment of these mice with VEGF/AMD3100 was not effective in reversing the PM-mediated effect on blood or bone marrow EPCs, suggesting that PM exposure contributes to a mobilization defect. Ongoing studies are
characterizing the molecular nature of this defect.

2610

THE EFFECTS OF NICKEL NANOPARTICLES ON BONE
MARROW AND CIRCULATING PROGENITOR CELLS
IN MICE.

E. N. Liberda and L. Chen. New York University, New York, NY.
Particulate air pollution, specifically nickel found on or in particulate matter, has
been associated with an increased risk of mortality in human population studies
and can increase vascular inflammation, generate reactive oxygen species, alter vasomotor tone and potentiate atherosclerosis in murine exposures. With the discovery
of endothelial progenitor cells (EPCs), a door has been opened which may explain
these observed cardiovascular effects associated with inhaled air particles and nickel
exposure. In order to further quantify the effects of inhaled nickel nanoparticles
and attempt to elucidate how the observed findings from other studies may occur,
whole body inhalation exposure experiments using nickel nanoparticles were performed. Exposure to inhaled nickel nanoparticles significantly reduced bone marrow EPCs while increasing their levels in circulation. Circulating endothelial cells
were significantly upregulated suggesting that endothelial damage occurred due to
the exposure. Tube formation and chemotaxis, but not proliferation, of bone marrow EPCs was impaired in the nickel nanoparticle-exposed group. This decrease in
EPC function coincided with downregulation of receptors for EPC mobilization
and homing. Antioxidant plasma proteins were upregulated post-exposure and
transferrin was downregulated as measured by proteomic analysis. In conclusion,
these results indicate that inhalation exposure to Ni nanoparticles at below the current OSHA permissible exposure limit for Ni compounds can lead to alterations in
bone marrow progenitor cells that may ultimately lead to the development of various cardiovascular diseases.

2611

VOLATILE AND PARTICULATE ENVIRONMENTAL AIR
POLLUTANTS IMPEDE VEGF-MEDIATED EPC
MOBILIZATION FROM BONE MARROW: A COMMON
MECHANISM?

P. Haberzettl. University of Louisville, Louisville, KY.
Exposure to volatile and particulate environmental air pollutants, such as acrolein
or fine particulate matter (PM2.5), is associated with increased risk of cardiovascular
disease (CVD) and mortality. Endothelial progenitor cells (EPCs) are derived from
the bone marrow. These cells contribute to endothelium health and are important
in angiogenesis and endothelial repair. We demonstrated that inhalation of both
acrolein as well as PM2.5 similarly decreased levels of circulating Flk-1+/Sca-1+-cells.

2612

AH RECEPTOR ACTIVATION IN MICE ALTERS
HEMATOPOIETIC STEM/PROGENITOR CELL
FUNCTIONS AND GENE MODULATION REFLECTING
CHANGES IN CELLULAR TRAFFICKING:
IMPLICATIONS FOR HUMANS AND HEMATOPOIETIC
DISEASES.

T. A. Gasiewicz. University of Rochester, Rochester, NY.
Recent data suggests an important function of the AhR in hematopoietic stem cell
(HSC) biology. Epidemiological data has correlated accidental and occupational exposures to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) with increased risk for
certain hematological diseases. There is also recent interest in the possible use of
AhR antagonists for the expansion of HSCs to be used in bone marrow transplants.
It is critical to further define mechanisms related to effects on hematopoietic
stem/progenitor cell function and the signaling pathways that may mediate these
alterations. In previous studies, we and others reported that TCDD treatment to
mice compromised the competitive reconstitution of bone marrow into irradiated
host animals. Further investigations revealed that although TCDD treatment alters
numbers of phenotypically-defined stem and progenitor cells, there was no effect
on the numbers of functional HSCs. However, TCDD treatment altered the trafficking of HSCs to bone marrow in vivo as well as to chemokine attractants ex vivo.
Furthermore, TCDD treatment alters the expression of receptors involved in trafficking and genes involved in the regulation of this trafficking. Together, these data
suggest a plausible and testable mechanism related to reports of increased incidence
of leukemia and lymphoma in humans exposed to TCDD. These results, along
with other information in HSCs from AhR-null allele animals, also suggest a complex role of AhR signaling in HSC function. Further investigations will provide important information needed for our understanding of processes that regulate stem
cells and their role in human disease.

2613

ADVERSE EFFECTS OF POLYCYCLIC AROMATIC
HYDROCARBONS ON BONE MARROW PROGENITOR
CELLS AND ITS RELATIONSHIP TO REDUCED
CELLULARITY IN THE SPLEEN AND THYMUS.

C. J. Czuprynski, A. N’jai, C. Jefcoate and M. Larsen. University of WisconsinMadison, Madison, WI.
Treatment with a single dose of dimethylbenzanthracene (DMBA) rapidly impairs
bone marrow progenitor cells, as measured by colony forming assays, well before
any decrease in bone marrow cellularity. The duration of impairment depends on
the dose and route of administration, but extends beyond clearance of DMBA. In
contrast, treatment with benzo[a]pyrene (BP) impairs bone marrow progenitor cell
activity in vitro, but not bone marrow cellularity in vivo, because of an AhR dependent restoration of progenitor activity. Microarray analyses of bone marrow cells
revealed many more responses to BP than DMBA, including genes for oxidative
signaling and AhR activation that may explain the AhR-dependent protection of
hematopoietic progenitors. Bone marrow progenitor changes were reflected later in
closely coordinated DMBA-induced changes (48-168h) in spleen and thymus
weights, and total lymphocyte populations in those organs. Although bone marrow
and spleen cellularity were not reduced by BP, total thymocyte numbers were
equally suppressed by BP or DMBA, and suppression was independent of AhR.
The proportions of T cell sub-populations in spleen and thymus were largely unaffected by a single DMBA or BP treatment. All of the above responses are dependent
on CYP1b1 metabolism of PAHs. We infer that suppression and recovery of committed lymphocyte precursors (CLP) in bone marrow is sufficient to account for
changes in total lymphocytes in BM, spleen and thymus by impairing their re-population by progenitor cells.

SOT 2012 ANNUAL MEETING

563

2614

T-CELL-DEPENDENT ANTIBODY RESPONSES IN
NONHUMAN PRIMATES: CHALLENGES AND
OPPORTUNITIES.

J. Shenton1 and H. Lebrec2. 1MedImmune, Cambridge, United Kingdom and
2Amgen, Seattle, WA.
Increasingly, the T-cell dependent antibody response (TDAR) assay is used as a
means to evaluate immunomodulation—immunopharmacology or immunotoxicology—in nonhuman primates (NHPs). This is primarily due to the plethora of
immunomodulatory biopharmaceuticals in development. Our focus will be on several key topics relevant to the TDAR and other measures of immune responses to Tdependent (TD) antigens. Traditionally, the TDAR has been used as a means to
evaluate immunosuppression. It is less clear whether it is possible or appropriate to
use the TDAR to evaluate immunostimulation. In addition, although the read-out
of the TDAR is by definition the generation of antigen-specific antibodies, T-helper
cells, as well as antigen presenting cells, are also involved in the response, while
poorly characterized in the context of this assay in NHPs. There is, for instance, little information on T-cell differentiation towards T-helper [Th]1 versus Th2 responses in this context. Cellular immune responses to TD antigens may also be
evaluated using the delayed-type hypersensitivity (DTH) response; however, DTH
is notoriously difficult to produce in NHPs and correlative data between the systemic and local responses to the TD antigen are lacking. Although immune responses to TD antigens are routinely evaluated nonclinically there is little understanding of translational data across species and to humans. Furthermore, the
increased use of the TDAR in NHPs is associated with a disparity of protocols as
well as methods for data interpretation; any discussions on standardization/best
practices generally result in significant debate. The goal of this session is to share
data and progress in our understanding of the measurable endpoints of the immune
response to TD antigens and to provide a forum for discussion on the utility of
these endpoints within drug development.

2615

USE OF THE T CELL-DEPENDENT ANTIBODY
RESPONSE TO EVALUATE IMMUNOSTIMULATION.

J. Descotes1 and J. Piccotti2. 1Poison Center and Pharmacovigilance Department,
Lyon, France and 2Safety Assessment and Laboratory Animal Resources, Merck
Research Laboratories, Summit, NJ.
Standard and specialized immunotoxicity tests have been developed and evaluated
primarily to detect immunosuppression. The predictivity of specialized immunotoxicity endpoints, such as the T cell-dependent antibody response (TDAR) assay,
in detecting immunoenhancement remains to be determined. As with immunosuppression, drug-induced immunostimulation may be unintended toxicity or intended pharmacology. Unintended immunoenhancement has been demonstrated
using the TDAR assay in rodents treated with various pharmaceutical drugs or
chemicals. With recent advances in immunostimulatory therapies, the utility of the
TDAR assay as an experimental model to verify intended pharmacology also has
been explored. These investigations may shed light on how alterations in animals
translate to changes in humans. This presentation will focus on the use of the
TDAR assay to detect drug-induced immunostimulation in rodents and nonhuman primates. The immunostimulatory potential of a monoclonal antibody to cytotoxic T lymphocyte antigen (CTLA)-4 on antibody responses to tetanus toxoid
and keyhole limpet hemocyanin (KLH) in cynomolgus monkeys will be presented
to highlight investigations in nonhuman primates. Discussion of immunostimulation of the TDAR in rodents will focus on what can be learned from rodent studies
that can be applied to nonhuman primates and humans. Although additional research is needed, available data suggest a potential broad application of the TDAR
assay to detect immunoenhancement, as well as immunosuppression. However, the
clinical relevance of unintended increases in antigen-specific antibody responses in
toxicology studies remains to be determined.

2616

BEYOND ANTIBODIES: CHARACTERIZATION OF THE
CELLULAR IMMUNE RESPONSE TO KEYHOLE
LIMPET HEMOCYANIN.

L. LeSauteur and M. Christin-Piche. Charles River, Senneville, QC, Canada.
T cell dependant antibody response (TDAR) assay is used as a functional assay to
measure the effect of various compounds on the immune system. It is generally recommended as the first-line immune function assay in non-clinical evaluation. The
humoral immune response to a foreign antigen is measured by evaluating the production of antibodies against this particular antigen. Although the production of
antibodies is the principal readout in the TDAR, the generation of specific antibodies requires the participation of antigen-presenting cells, T lymphocytes and B
lymphocytes. Therefore, it is assumed that alterations in the level of antibody pro-
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duced to the specific antigen may reflect effects on any or all of the cell populations
involved in the TDAR. To date, the cellular immune response in the TDAR has not
been well characterized. Various laboratory are trying to understand the cellular response to well known antigens such as Keyhole limpet hemocyanin (KLH) and
Tetanus Toxoid (TT) to better characterize the cell types affected when alterations
in the TDAR are observed in non-clinical studies. Cell proliferation, cytokine production, delayed-type hypersensitivity accompanied by immunohistochemical evaluation, T cell and macrophage activation are all being investigated. The data from
these experiments shows that T lymphocytes, macrophages and various cytokines
are actively involved in the production of antibodies measured in the TDAR. This
presentation will provide an overview of what is known about the cell mediated immune response in the TDAR. Data gathered from various laboratories, including
Lyon Poison Center, GSK, Pfizer, BMS, MedImmune and Charles River will be
presented, where cell functions and responses were assessed in TDAR assays.

2617

CORRELATIONS BETWEEN SYSTEMIC AND LOCAL
RESPONSES TO T-DEPENDENT ANTIGENS.

K. Haanstra1, J. Shenton2 and M. Jonker1. 1BPRC, Rijswijk, Netherlands and
2MedImmune, Cambridge, United Kingdom.
It is a well recognized phenomenon that immune responses measured systemically
do not always represent what is measured in secondary lymphoid organs or at local
challenge sites (e.g., delayed-type hypersensitivity [DTH] response in the skin or
within a transplanted organ). Thus, T-dependent (TD) antigen challenge studies
were undertaken in rhesus monkeys to evaluate whether responses measured in the
blood correlated with those measured elsewhere. The monkeys were immunized
with a TD antigen and subsequently challenged with that antigen in the skin. The
immune response to the antigen was measured in the blood (antigen-specific antibodies, flow cytometry, ELISPOT) and skin at the challenge site (gross and
histopathology). The ability of immunosuppressive drugs to inhibit the responses
was also evaluated.
Overall, these studied verified that immune responses measured in the blood may
not reflect local responses; local responses were detected in the absence of systemic
responses and vice versa. Autoimmunity and skin or kidney transplantation studies
performed at BPRC were also instrumental and indicate that systemic responses in
the blood were often lower than those measured in the spleen. Importantly, identifying the cell types involved in the immune response was more readily achievable by
evaluating local responses. Histopathology of DTH challenge sites or samples of
the target organs demonstrated differences in the cells involved. The ability to suppress the local response with immunosuppressive drugs depended greatly on
whether or not that drug was able to suppress the predominant cell type observed;
when neutrophils and/or macrophages were involved, T-cell directed drugs were
less effective.
In conclusion, even though an immune response is dependent on T cells, other cell
types may play a prominent role in the response. Most ex vivo assays monitor peripheral blood T- and B-cell responses. These are not always correlated with the responses measured locally and may be misguided with respect to the ability to modulate that response therapeutically.

2618

TRANSLATION OF THE IMMUNE RESPONSES TO TDEPENDENT ANTIGENS BETWEEN NONHUMAN
PRIMATES AND HUMANS.

J. Shenton1, L. de Haan1, K. Haanstra4, M. Jonker4, R. Kay3 and <\s>Ström2.
1MedImmune, Cambridge, United Kingdom, 2Astra Zeneca, Södertälje, Sweden,
3Astra Zeneca, Charnwood, United Kingdom and 4Biomedical Primate Research
Centre, Rijswijk, Netherlands.
There are no identical evaluations of the immune responses to T-dependent antigens (TDAs) in humans and non-human primates (NHPs). To directly compare responses, a study was conducted in NHPs following a successful clinical protocol.
The TDA keyhole limpet hemocyanin (KLH) was administered subcutaneously on
two occasions followed by an intradermal challenge to induce a DTH response.
KLH-specific antibodies were measured in the peripheral blood and redness and induration were measured at the challenge site. Histopathology at the challenge site
was assessed in NHPs only. Modulation of the DTH response by dosing with prednisolone was also evaluated. Finally, blood samples were collected to evaluate ex
vivo T-cell responses to KLH re-stimulation. KLH immunization resulted in KLHspecific antibody responses and apparent DTH responses in both species; however,
prednisolone treatment appeared more effective at inhibiting the DTH response in
humans. The quality (immunoglobulin [Ig] isotypes) and quantity of the KLH-specific antibody response was difficult to directly compare due to the different assays
used to detect the antibodies (human assay standards were not available/appropriate
for use in NHPs), and lack of available reagents to detect NHP Ig isotypes. In
NHPs, proliferative and cytokine responses were observed following ex vivo re-

stimulation of peripheral-blood mononuclear cells with KLH but no responses
were elicited with human samples. In conclusion, KLH-specific antibodies and an
apparent DTH response were induced in NHPs following a successful clinical protocol. The differential ability of prednisolone to modulate the DTH response in
NHPs and humans implies that the responses may not have been mediated by the
same cell types; however, this could not be further examined due to the lack of skin
biopsy samples from the clinical study. Commercially available reagents to detect Ig
isotypes in NHP are highly desirable to further our understanding of the TDAR response in NHPs.

2619

GOOD PRACTICES IN THE STUDY DESIGN, DATA
ANALYSIS AND REPORTING OF T-DEPENDENT
ANTIBODY RESPONSE STUDIES.

H. Lebrec. Amgen Inc., Seattle, WA.
The T-Cell Dependent Antibody Response (TDAR) assay is commonly used to
evaluate effects of investigational small molecule drugs or biologics on the immune
system, including in nonhuman primates (NHPs). While this functional assay is
recommended in the guidance document ICH S8 Immunotoxicity Studies for
Human Pharmaceuticals, the assay is not standardized. An interlaboratory retrospective analysis indicated that immunization of NHPs with either keyhole limpet
hemocyanin (KLH), sheep red blood cells or tetanus toxoid led to measurable primary and secondary antibody responses. Also, it was demonstrated that antibody
responses can be obtained in response to immunization with bacteriophage.
Interanimal variability in peak response values is significant with all antigens evaluated and studies need to be powered accordingly (8 animals per group [if all animals
can be evaluated without interference from pre-existing cross-reactive antibodies]
allows detection of 3-fold statistically significant differences between groups).
Interanimal variability and peak antibody response values are similar in male and
female NHPs and data from both genders may be combined for statistical analysis
purposes (if appropriate based on pharmacokinetics and target biology) to increase
the power to detect differences between treatment groups. In order to account for
the kinetics of the antibody response, the area under the curve (AUC) defined by
antibody titers across study days can be calculated and analyzed in addition to pairwise comparisons at each given time point after immunization. Points to consider
when interpreting TDAR studies include: the exclusion of data from animals with
pre-existing cross-reactive antibodies against the immunogen, the ability of animals
to mount appropriate primary IgM and IgG and secondary IgG responses, how
group mean antibody titers compare at each time point and as AUC, the overlap
between titers in control and treated animals, the evaluation of treatment effect by
combining its statistical significance (p-value) and the magnitude of the effect (the
treated/control ratio and its confidence interval).

2620

KEY EVENTS OF THE INNATE IMMUNE RESPONSE AS
TOOLS FOR IDENTIFICATION OF CHEMICAL
SENSITIZERS IN VITRO: DO WE NEED MORE?

E. L. Roggen. Toxicology, Novozymes AS, Bagsvaerd, Denmark.
Abstract: Sensitization is the toxicological endpoint associated with compounds
having the intrinsic ability to adversely trigger the adaptive immune system. Martin
et al. (2011) demonstrated that innate responses in keratinocytes (KC) and
Langerhans cells (LC) are crucial. The presented study compared existing in vitro
tests based upon innate key mechanisms for their capacity to properly label and
classify chemicals. Methods: The performance of selected tests when exposed to
well characterized sufficiently water-soluble skin sensitizers (N=35), respiratory
sensitizers (N=9), and non-sensitizers (N=21) (including 5 irritants) (www.sens-itiv.eu) was analyzed retrospectively. The tests included the IL-18 test (Corsini et al.,
2009), the KeratinoSens (Natsch et al., 2010)), 2 reconstituted human epidermis
(RHE) models (SkinEthic, CellSystems), the MUSST (Python et al., 2007), hCLAT (Sakaguchi et al., 2009), VitoSens (Lambrechts et al, 2010), and GARD
(Johansson et al., 2011). Results were expressed in terms of concordance (%) with
the available in vivo data. Results: The KeratinoSens and the IL-18 test identified
the chemicals correctly as skin sensitizers in 87 and 95% of the cases. The MUSST
and h-CLAT tests (overall: 78%) scored high with extreme and strong sensitizers
(86-100%), but poorly with moderate and weak sensitizers (53-60%). Stronger irritants were found positive in these tests. The genomic marker profile of the
VitoSens and GARD tests correctly labled 89 and 98% of the chemicals. They performed equally well across the chemical potency classess and did not score the irritants on the list. The RHE models did not discriminate sensitizers from irritants,
but irritative responses were found useful for classification of the chemicals (92%).
Conclusion: Tests addressing multiple pathways (IL-18, VitoSens, GARD) performed best. The chemicals on the Sens-it-iv list with sufficient solubility in water
were properly identified by one test or a combination of 2 tests (96-98%). In 92%
of the cases a proper classification was obtained.

2621

GARD—A GENOMIC BIOMARKER ASSAY FOR
PREDICTION OF SENSITIZERS USING A CELL-BASED
IN VITRO ALTERNATIVE TO ANIMAL TESTS.

H. Johansson1, M. Lindstedt1, A. Albrekt1, E. Roggen2 and C. Borrebaeck1.
1Department of Immunotechnology, Lund University, Lund, Sweden and 23RsMC,
Kongens Lyngby, Denmark.
Background: Allergic contact dermatitis and respiratory conditions such as occupational asthma are both caused by an adverse immune response towards chemical
haptens. These diseases affect a significant proportion of the population, with increasing incidences, which leads to a substantial economic burden for society.
Current tests for skin sensitizing chemicals rely on animal experimentation,
whereas no such assays exist for respiratory sensitizers. New legislations on the registration and use of chemicals within chemical and cosmetic industries imply a need
of alternative, human cell-based assays for the prediction of sensitization. The aim
is to replace animal experiments with in vitro tests displaying a higher predictive
power. Results: We have developed a novel cell-based assay for the prediction of
sensitizing chemicals, called Genomic Allergen Rapid Detection, GARD. By analyzing the transcriptome of the human cell line MUTZ-3 after 24 h stimulation,
using well characterized skin sensitizing chemicals (N=20), respiratory sensitizing
chemicals (N=9) and nonsensitizing chemicals (N=20), we have identified genomic
biomarker signatures with potent discriminatory ability. Using a Support Vector
Machine for cross-validation, the prediction accuracy of the assay is estimated to
98%. The identified transcriptional biomarkers are involved in biological pathways
with immunologically relevant functions, which can shed light on the process of
human sensitization. Conclusions: Gene signatures have been identified and
demonstrated to have the power to predict sensitization. This simple and robust
cell-based assay has the potential to completely replace or drastically reduce the utilization of test systems based on experimental animals. Being based on human biology, the assay is proposed to be more accurate for predicting sensitization in humans, than the traditional animal-based tests.

2622

ESTABLISHMENT OF AN IN VITRO PHOTOASSAY
TEST USING NCTC2544 CELLS AND IL-18 TO
DISCRIMINATE PHOTOIRRITANTS FROM
PHOTOALLERGENS.

E. Corsini1, S. Bianchi1, V. Galbiati1, V. Martinez2 and M. Mitjans2.
1Department of Pharmacological Sciences, University of Milan, Milan, Italy and
2Departament de Fisiologia, Universitat de Barcelona, Barcelona, Spain.
PURPOSE: Differentiation between photoallergenic and phototoxic reactions induced by low molecular weight compounds represents a current problem. The use
of keratinocytes as a potential tool for the detection of photoallergens as opposed to
photoirritants is considered an interesting strategy for developing in vitro methods.
We have previously shown that the human keratinocyte cell line NCTC2455 and
the production of IL-18 ia a good model for screening sensitizers. The main purpose of this work was to explore the NCTC2544 model as an in vitro model to
identify photoallergenic and discriminate from phototoxic chemicals. METHODS: The effect of UVA radiation (3 J/cm2) over NCTC2544 cells irradiated and
non irradiated, and treated with increasing concentrations of various compounds
including negative compounds (irritants and allergens), ibuprofen and acridine
(photoirritants); ketoprofen and chlorpromazine (photoirritant and photoallergen);
benzophenone,
4-ter-butyl-4-methoxy-dibenzoylmethane,
2-ethylexyl-pmethoxycinnamate and 6-methylcumarin (photoallergens) was investigated.
Twenty four hours after exposure, cytotoxicity was evaluated by the MTT assay,
while the production of IL-18 was measured by a commercially available ELISA kit.
RESULTS: At the maximal concentration assayed with non cytotoxic effects, allergens and photoallergens induce the production of IL-18, whereas irritants and photoirritants failed. Indicating that the NCTC2544 assay can also be used to identify
in vitro photoallergens. This project was funded by Ministero dell’Istruzione,
dell’Università e della Ricerca (IT10B3A3AA) and by Ministerio de Ciencia e
Innovación (IT2009-0014).

2623

PYRIDOXYLAMINE REACTIVITY KINETICS AS AN
AMINE-BASED PROBE FOR SCREENING
ELECTROPHILIC CONTACT ALLERGENS.

I. Chipinda1, W. Mbiya2, R. H. Simoyi2 and P. D. Siegel1. 1HELD,
CDC/NIOSH, Morgantown, WV and 2Chemistry, Portland State University,
Portland, OR.
Covalent protein binding is an initial step in dermal contact sensitization. We previously reported the utility of a nitrobenzenethiol (NBT) binding assay for screening thiol reactive haptens (Chipinda et al Chem. Res. Tox. 2010). The present
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study describes an amine (pyridoxylamine (PDA)) absorbance and fluorescencebased reactivity kinetic probe to complement the NBT assay for identification of
amine-selective haptens. Rate constants for 32 chemicals including 5 anhydrides, 6
aldehydes, 2 quinones, among other classes, were determined where reaction times
to completion ranged from 20 s to > 2 h. Preliminary assessment suggests labile reactive intermediates are formed during PDA reaction to quinones and benzyl bromide. No reactivity was observed with some thiol-selective sensitizers such as propiolactone or nonsensitizers such as sulfanilamide and benzocaine. Strong correlation
(R2 = 0.81) was obtained between PDA reactivity constant (pseudo-first order; k)
and the local lymph node assay threshold (EC3) values. Reaction completion time
of the sensitizers also correlated strongly (R2 = 0.74) with EC3 values suggesting
utility of transforming this chemical reactivity method into a simple, inexpensive
end-point assay. The results from the PDA method also highlight the utility of
combining this amine based method with the previous NBT based model to be able
to identify thiol selective, amine selective and non-selective electrophilic contact allergens.

2624

EVALUATION OF IN VITRO REACTIVITY ASSAYS FOR
ASSESSING THE SENSITIZATION POTENTIAL OF
CHEMICALS.

R. S. Settivari1, Y. Jeong1, A. Wood1, M. Woolhiser1, A. Natsch2, E. Carney1
and D. Boverhof1. 1The Dow Chemical Company, Midland, MI and 2Givaudan
Schweiz AG, Dübendorf, Switzerland.
Assessment of skin sensitization potential of chemicals is an important aspect of the
safety evaluation process. Recent regulations, as well as responsible stewardship programs, have advocated for the development of non-animal approaches that can reliably predict skin sensitization potential for new chemicals. As the majority of
chemical sensitizers are electrophiles that can react with nucleophilic sites on proteins, several assays have focused on characterizing this property in vitro for prediction of sensitization potential. Herein, we describe our evaluation of two such in
vitro approaches, the KeratinoSens assay and the Direct Peptide Reactivity Assay
(DPRA). The KeratinoSens assay uses a human keratinocyte cell line (HaCaT) in
which activation of the Nrf2-ARE pathway is quantified via a luciferase reporter
gene to assess chemical reactivity. In the DPRA, reactivity of the test material to
cysteine and lysine containing peptides is assessed through quantification of peptide depletion using HPLC-UV-MS. To explore the utility of these assays for identifying sensitizers, 28 (17 sensitizers and 11 non-sensitizers) and 9 (6 sensitizers and
3 non-sensitizers) chemicals were tested using the KeratinoSens assay and DPRA,
respectively. The KeratinoSens assay exhibited 88% sensitivity, 91% specificity and
89% overall accuracy relative to available in vivo data. The DPRA exhibited 83%
sensitivity, 100% specificity and 89% overall accuracy. However, integrating the results of the two assays improved the sensitivity, specificity and accuracy levels to
100% for the nine common chemicals. The data sets also identified several characteristics for the conduct of these assays that need to be recognized to avoid false positives and negatives. Overall, the results provide support for the use of these in vitro
assays to identify chemicals with skin sensitization potential and that integrating
their results enhances the overall predictive capability.

2625

IN VITRO SKIN IRRITATION AND CORROSION
TESTING SERVING DIFFERENT REGULATORY
CLASSIFICATION SCHEMES.

A. Mehling2, 1, S. N. Kolle1, B. van Ravenzwaay1 and R. Landsiedel1.
1Experimental Toxicology and Ecology, BASF SE, Ludwigshafen am Rhein, Germany
and 2BASF Personal Care and Nutrition GmbH, Düsseldorf, Germany.
Skin corrosion or irritation refers to irreversible or reversible tissue damage to the
skin following the application of a test substance. Traditionally, this was tested
using the in vivo Draize skin irritation test. Due to animal welfare considerations
and regulatory provisions such as the European Cosmetics Regulation, in vitro tests
using different reconstructed human skin models were developed and have now
gained regulatory acceptance (OECD TG 431 and OECD 439). Depending on the
up-front prediction of the severity of the effects (skin corrosive, skin irritant, or
nonirritant) by expert judgments or structure activity relationship, different testing
schemes can be applied, e.g. the top-down or bottom-up strategies proposed for
skin irritation testing by COLIPA (MacFarlane et al., 2009). We have used the
EpiDerm™ (Mattek, USA) and compared it to the results of Draize skin irritation
test in vivo which had been performed due to regulatory requirements. Over 100
substances have been tested including a wide range of different chemical classes.
The test results were assessed according to the UN-GHS, EU-CLP, Brazilian and
US EPA guidelines. We could confirm a good correlation of the in vitro results with
the in vivo data for corrosive and non-irritating substances. Irritating substances
were occasionally incorrectly classified by not more than one class off the in vivobased classifcation. Moreover, the in vitro data could serve all four different regulatory classification schemes.
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REFINEMENT OF THE APPLICABILITY DOMAIN AND
PREDICTIVITY OF THE KERATINOSENS ASSAY, A
NOVEL IN VITRO SKIN SENSITIZATION ASSAY.

A. Hilberer1, N. Wilt1, N. Barnes1, K. E. Eblin3, A. Natsch2 and K. Norman1.
1Institute for In Vitro Sciences, Gaithersburg, MD, 2Givaudan Schweiz AG,
Duebendorf, Switzerland and 3S.C. Johnson & Son, Inc., Racine, WI.
Determination of skin sensitization potential is a critical toxicological endpoint in
the development of novel ingredients used in consumer and industrial products.
With the European Union regulatory deadline to ban animal testing of cosmetic ingredients for skin sensitization quickly approaching, and many companies proactively choosing to eliminate animal testing due to ethical considerations, alternative
methods are urgently needed. The KeratinoSens assay is a cell-based reporter gene
assay which may be used to assess the potential of chemicals to induce skin sensitization in humans. A feature all chemical allergens have in common is their intrinsic
electrophilicity, or their potential to be transformed to electrophilic chemicals. The
Nrf-2-electrophile sensing pathway comprised of the repressor protein Keap1, the
transcription factor Nrf2, and the antioxidant response element (ARE), is capable
of detecting skin sensitizers. In the KeratinoSens assay, the induction of a luciferase
gene under the control of the antioxidant response element (ARE) derived from the
human gene AKR1C2 gene is quantified. Thus far, over 100 chemicals have been
evaluated using the KeratinoSens assay and the results indicate a good predictive
value (~ 85%). In this study we sought to further refine the applicability domain
and predictivity of the assay by testing neat chemicals and mixtures of fragrances,
preservatives, industrial solvents, and surfactants with a broad range of potencies
for their ability to induce the luciferase gene. In parallel, cytotoxicity was assessed
by both Neutral Red Uptake (NRU) and MTT assays. The results from the
KeratinoSens assay and parallel cytotoxicity assays were compared to the available
correlative in vivo and human clinical data. The results indicate that the
KeratinoSens assay may be used to evaluate a broad range of materials with reproducibility and a high predictive value.

2627

AN IN VITRO TEST BATTERY FOR THE PREDICTION
OF SKIN SENSITIZERS BASED ON KEY EVENTS OF
THE TOXICITY PATHWAY.

C. Bauch3, 1, T. Eltze1, T. Ramirez1, S. N. Kolle1, B. van Ravenzwaay1, A.
Mehling2 and R. Landsiedel1. 1Experimental Toxicology and Ecology, BASF SE,
Ludwigshafen am Rhein, Germany, 2BASF Personal Care and Nutrition GmbH,
Düsseldorf, Germany and 3Faculty of Life Sciences, University of Manchester,
Manchester, United Kingdom.
Skin sensitization is a common health problem caused by repeated contact with an
allergen (or hapten or pro-hapten). Currently, skin sensitization relies on animal
testing (OECD 406, 429), and so far no validated and regulatory accepted in vitro
methods are available. The purpose of this study was to establish an in vitro test
strategy for the prediction of skin sensitizers based on the key events leading from
the hapten contact to skin sensitization. For such an integrated approach several in
vitro assays are required. We tested a total of 10 assays and – based on their performance – we selected three assays adressing chemical reactivity towards proteins
and dendritic cell activation: (1) direct peptide reactivity assay (DPRA) to measure
chemical reactivity towards proteins with model peptides with nucleophilic amino
acid residues (2) LuSens, an antioxidant response element (ARE) dependent luciferase gene activity in a recombinant cell line (3) myeloid U937 skin sensitization
test (MUSST) or human cell line acitvation test (h-CLAT) for measurement of cell
surface markers (CD54 and/or CD86) on cells with dendritic cell like characteristics. The in-house validation of the in vitro assays was performed with a panel of 60
substances of known sensitizing potential including the 22 performance standard
substances of the murine local lymph node assay. Out of the 60 substances 54 were
applicable to the test methods; 6 were insoluble. A combination of DPRA and
LuSens adresses chemical reactivity and offered a sensitivity of 100% (enabling the
exclusion of a sensitizing potential). The MUSST adressed dendritic cell activation
and offered a specificity of 100% (proofing a sensitizing potential). The combination of the two elements resulted in an accuracy of 94% for the 54 substances.

2628

BUILDING HYPOTHESES OF PATHWAY
PERTURBATION USING ‘OMICS DATA AND MACHINE
LEARNING TOOLS.

R. Currie1, H. Watanabe2, D. Lin2, P. Jain2, J. Taubert3, D. Salazar1, C.
Rawlings3, M. Sternberg2, S. Dunbar1 and M. Stephen2. 1Syngenta, Bracknell,
United Kingdom, 2Imperial College London, London, United Kingdom and
3Rothamsted Research, Harpenden, United Kingdom. Sponsor: R. Peffer.
Assays that measure perturbations to biochemical pathways linked to adverse effects
have been proposed as a way to move toxicology testing from high-dose in vivo trials to quicker assays (in vitro or in vivo using in model systems) at doses relevant for

humans. This requires a deeper understanding of mechanisms of toxicity. We describe how Inductive Logic Programming (ILP) can assist hypothesis generation
from omics data using PROLOG and MC-TOPLOG. These abduce explanations
for measured data (metabolomic and transcriptomic changes) based on pre-existing
knowledge of biochemistry (described in KEGG and transformed into Prolog using
the data integration platform Ondex) together with some logical rules. The output
of an ILP experiment is a set of hypotheses that might explain the observed data
and guide subsequent experiments. We evaluated this method using a liver omics
dataset focused on glutathione and UDP-glucose metabolism in livers from phenobarbital treated rats. Limiting the metabolic network to a region around altered
metabolites increased the method performance. Increasing the number of reactions
around a metabolite improved performance but only up to a maximum of 3 reactions. Thus explanations are relatively “local” and require only a sub-set of the network to generate meaningful hypotheses. Also our omics datasets were sparsely distributed across the metabolic network and this limited our ability to make robust
predictions. Finally the hypotheses generated by ILP tend to be richer than those
produced by humans directly. Human hypotheses are of the type A regulates X,
whereas ILP often gives hypotheses of the type A,B,C regulate X and Y. Systems
Biology tools such as ILP are still developing, but do demonstrate their utility to aid
the efficient generation of hypotheses linking omics measurements of perturbed
biochemical pathways to toxicity. This will guide further experimentation and
deepen our understanding of pathway perturbations leading to toxicity.

2629

AN ANALYSIS OF N-ACETYLCYSTEINE TREATMENT
FOR ACETAMINOPHEN OVERDOSE USING A
SYSTEMS MODEL OF DRUG-INDUCED LIVER INJURY.

J. L. Woodhead1, S. Q. Siler1, Y. Yang2, M. E. Andersen2, H. J. Clewell2, P. B.
Watkins1 and B. A. Howell1. 1The Hamner-University of North Carolina Institute
for Drug Safety Sciences, Research Triangle Park, NC and 2The Hamner Institutes for
Health Sciences, Research Triangle Park, NC.
Acetaminophen (APAP) toxicity is treated with N-acetylcysteine (NAC). A 72hour oral course or a 21-hour intravenous (IV) course is typically used, but it remains unclear which is most effective. In addition, a risk assessment nomogram is
commonly used to decide whether to initiate treatment, but there is disagreement
over its optimal interpretation. Once NAC treatment has begun, there is disagreement on when to stop. These questions could not be addressed by clinical trials. We
have developed a predictive mathematical model (DILIsym™) of drug-induced
liver injury (DILI), focusing initially on APAP. The model reproduced APAP pharmacokinetics, GSH dynamics, and dose-dependent hepatotoxicity for rats, mice,
and humans. The use of both oral and IV NAC was incorporated into the model.
When NAC was given within 24 hours after APAP ingestion, the model showed
that oral NAC prevents hepatocyte necrosis better than IV NAC. The entire 72hour oral treatment course was unnecessary; a 13-dose NAC course preserved as
many hepatocytes as the 18-dose course. In addition, we tested a simulated population sample generated by varying 11 model parameters. With this increased variability, the oral course was still favored across the population sample when administered early. We found that body mass, CYP2E1 activity, and hepatocyte response to
oxidative stress were the most important parameters in determining patient outcome. Baseline GSH and APAP uptake rate were the least important. A blood
APAP concentration of 5 μg/mL correlated well with the clearance of APAP reactive metabolite from the liver and could serve as a biomarker for NAC treatment effectiveness. We found that the nomogram line corresponding to 100 μg/mL at 4h
is the most reliable general population risk assessment indicator, and we were able
to extend the line to 36 hours post-ingestion. Our data demonstrate the potential
clinical utility of in silico models of DILI.

result in serum ALT elevations much higher than define Hy’ Law. Moreover, several
reports have indicated that bilirubin levels can rise despite a lack of hepatic necrosis
in the first 12-24 h following the administration of hepatotoxic xenobiotics. Other
studies in rodents treated with hepatotoxicants have indicated that there is a correlation between a) liver glutathione and bilirubin levels and b) hepatic glutathione
and ATP levels. These observations suggested the following hypothesis: bilirubin
uptake and processing in the hepatocyte is dependent upon both ATP availability
and the number of viable hepatocytes. This hypothesis was tested using the
DILIsym™ model, a mathematical representation of the physiological processes
involved in DILI. The model has been validated with acetaminophen and
methapyrilene data, and simulations reproduce DILI in mice, rats, and humans.
Simulations including only the hepatocyte number effect did not produce increased
bilirubin within 24 h after dosing of 960 mg/kg APAP in rats, whereas, simulations
including the ATP effect were consistent with both the early and late elevated
bilirubin data. The DILIsym™ model has helped provide substantiation for the
hypothesis that hepatocyte ATP balance contributes to circulating bilirubin levels
in the early period after dosing with hepatotoxic doses of xenobiotics. This mechanism may provide justification for the FDA’s definition of Hy’s Law.

2631

PREDICTING IN VIVO ENZYME INDUCTION USING
PHYSIOLOGICALLY-BASED MODELLING.

M. Atari1, P. Metcalfe1, S. Thomas1 and K. Tsaioun2, 1. 1Scientific Computing,
Cyprotex, Macclesfield, United Kingdom and 2Apredica, Watertown, MA.
Understanding the toxicokinetics and toxicodynamics of a xenobiotic is important
in the pharmaceutical industry and for environmental chemicals. Cytochrome
P450 (CYP) enzymes and transporter proteins play crucial roles in governing xenobiotic toxicity: metabolism can result in either toxification or detoxification, and
transport can either remove xenobiotics from the body or cause increased tissue
concentrations and hence increase toxic effects. Some xenobiotics affect their own
toxicokinetics by altering the transcription of the genes coding for the metabolism
and transporter proteins; this is mediated by the nuclear receptor (NR) superfamily.
To investigate the effect of typical nuclear receptor activators on the induction of
the enzymes that govern xenobiotic metabolism and disposition in human hepatocytes, a novel mathematical model for the in vitro and in vivo kinetics of chemicals
has been developed. This model examines the induction of CYP enzymes mediated
by the pregnane X receptor and constitutive androstane receptor, in response to
phenobarbital and other CYP-inducing compounds. Unknown model parameters
were estimated to a high level of confidence, and model simulations were compared
to mRNA expression data of CYP and NR isoforms for primary human hepatocytes and found to give good qualitative agreement. The model has also been validated by comparing to mean fold induction data of the CYP3A4 isoform when induced by dexamethasone. To predict the effect of these NR activators in vivo, the
hepatocyte model was linked to a whole body physiologically-based toxicokinetic
(PBTK) model, which predicts exposure of hepatocytes in vivo for various external
exposure scenarios. This allows the in vivo effect of nuclear receptor activation to be
quantitatively understood, and hence, it 1) enables compounds that are expected to
exhibit unacceptable NR activation in vivo to be screened out, 2) allows external exposure levels that can give rise to limiting adverse effects to be predicted.

2632

VIRTUAL LIVER: QUANTITATIVE DOSE-RESPONSE
USING SYSTEMS BIOLOGY.

J. F. Wambaugh, J. Jack, J. L. Davis, R. Setzer and I. Shah. National Center for
Computational Toxicology, US EPA, Research Triangle Park, NC.

2630

DILISYM™ MODELING PREDICTS THAT AN EARLY
RISE IN BILIRUBIN REFLECTS MODIFIED
HEPATOCELLULAR FUNCTION PRIOR TO
SUBSTANTIAL HEPATOCYTE LOSS—IMPLICATIONS
FOR “HY’S LAW”

S. Q. Siler, J. L. Woodhead, L. Shoda, P. B. Watkins and B. A. Howell. The
Hamner-University of North Carolina Institute for Drug Safety Sciences, Research
Triangle Park, NC.
In a clinical trial, the most reliable liver safety signal is the occurrence of simultaneous elevations serum bilirubin and ALT greater than 3 X the upper limits of normal
( “Hy’s Law”). It is assumed that the rise in serum ALT indicates hepatic necrosis
and the rise in bilirubin results from sufficient loss of viable hepatocytes to impair
liver function. However, hepatic necrosis sufficient to cause functional loss should

The US EPA’s ToxCast™ program uses hundreds of high-throughput, in vitro assays to screen chemicals in order to rapidly identify signatures of toxicity. These assays measure the in vitro concentrations at which cellular pathways are perturbed by
chemicals. The US EPA’s Virtual Liver (v-Liver™) is a cellular systems model of hepatic tissues that provides a simulated in vivo context for ToxCast and other in vitro
data. The agent-based modeling framework assumes that each cell is capable of independently responding to its local microenvironment – if that environment varies
then cells may potentially behave differently. A spatially-extended hepatic lobule
microdosimetry model was developed in conjunction with a physiologically-based
pharmacokinetic (PBPK) model in order to link whole-body exposure to cell-scale
concentrations. For 68 chemicals, including PFOA, Imazalil, Bisphenol A,
Triclosan and the reference hepatotoxicant Acetaminophen, a single PBPK model
structure was parameterized using physicochemical descriptors and measured
plasma protein binding. For each chemical, dose-response data for twelve relevant
ToxCast in vitro assays were used to relate chemical concentration to perturbations
away from basal activity of eight distinct proteins or protein families (PI3K, AKT,
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EFGR, INSR, JNK1/2, IFGR, MSK, and ERK1/2). A literature-derived interaction network describing relationships between 43 intracellular proteins, including
all eight proteins assayed in vitro, was then used to relate the in vitro perturbations
to dysregulation of activator protein 1 (AP-1) formation, which is an important
transcription factor for cell-cycle initiation and progression. By relating oral dose to
cell-level concentration, and cell-level concentration to biological effects, in vivo
quantitative dose-response relationship for these compounds may be estimated.
This abstract does not necessarily reflect US EPA policy.

2633

DETERMINING SEX AND AGE-SPECIFIC HEPATIC
FUNCTIONAL STATUS BY GENE EXPRESSION
SIGNATURES DURING THE RAT LIFE CYCLE.

Y. Ge, J. Kwekel, T. Han, V. Desai and J. Fuscoe. Center for Functional
Genomics, US FDA National Center for Toxicological Research (NCTR), Jefferson,
AR.
Sex and age-specific hepatic reactions to drugs are key concerns in understanding
drug safety. We hypothesized that sex and age-specific hepatic functional status
would be determined by gene expression signatures at various ages and in both
sexes. The aims of the study were to use hepatic transcriptional profiles from both
sexes of F344 rats at ages of 2, 5, 6, 8, 15, 21, 52, 78, and 104 weeks to determine
the functional status of the liver and to explore transcriptional mechanisms of status progression during the rat life cycle. Using pair-wise one-way ANOVA, the liver
were divided into three classes-premature, mature and aged. Premature liver was
observed in the two-week old female and male rats. Aged liver was identified in the
104-week old female and the 78 and the 104-week-old male rats. 243 differentially
expressed genes (DEGs) were identified when comparing the premature to the mature liver. These DEGs are linked to developmentally related processes and significantly enriched for transcriptional factor binding sites (TFBSs), as determined
using Genomatix software suite. The top 5 significantly enriched TFBSs included
V$KLFS, V$E2FF, V$MYBL, V$PAX6, and V$XBBF which are potentially involved in regulation of hematopoiesis, cell cycle progression, inhibition of apoptosis, and differentiation. Similar comparison of the gene expression profiles of the
mature to the aged liver identified 388 DEGs which are involved in hepatic response to xenobiotics, cell death, and immune system processes. The top 5 significantly enriched TFBSs included V$NOLF, V$NRSF, V$MZF1, V$AP2F, and
V$CTCF which potentially modulate transcriptional repression, adipogenesis and
apoptosis. These findings suggest (1) a sexual dimorphism of hepatic aging progression during the rat life cycle and (2) the progression of hepatic status from premature to mature, and mature to aged, is likely regulated by distinct suites of gene
transcription factors.

2634

DRUG-INDUCED LIVER INJURY PREDICTION
SYSTEM (DILIPS) FOR DRUG DISCOVERY
APPLICATION.

Z. Liu1, Q. Shi1, D. Ding2, R. Kelly2, H. Fang2 and W. Tong1. 1National Center
for Toxicological Center, Jefferson, AR and 2ICF International Company at FDA’s
National Center for Toxicological Research, Jefferson, AR.
Drug-induced liver injury (DILI) of an idiosyncratic nature is a significant concern
in drug development due to the poor concordance between preclinical and clinical
findings of liver toxicity. We hypothesized that the types of DILI injury seen in the
clinic for such drugs can be translated into the development of predictive in silico
models for use in the drug discovery phase. We identified 13 side effects of DILI
based on the Medical Dictionary for Regulatory Activities (MedDRA) ontology,
which predicted the DILI potential of marketed drugs with high accuracy. We then
developed in silico predictive models for each of these 13 side effects which were
further combined to construct a DILI prediction system (DILIps). The DILIps
yielded 60-70% prediction accuracy for three independent validation sets. To enhance the confidence for identification of drugs that cause severe DILI in humans,
the “Rule of Three” was developed in DILIps by using a consensus strategy based
on 13 models of hepatotoxic side effects. This gave high positive predictive value
(91%) when applied to the combined drug list from three independent literature
datasets. Using the DILIps, we screened all drugs in DrugBank and investigated
their DILI potential in terms of protein targets and therapeutic categories through
network modeling. While marketed drugs were the focus of this study, the DILIps
has a potential as an evaluation tool to screen and prioritize new drug candidates or
chemicals, such as environmental chemicals, to avoid those that might cause liver
toxicity. We expect that the methodology can be also applied to other drug safety
endpoints, such as renal or cardiovascular toxicity.
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QUANTITATIVE STRUCTURE-ACTIVITY
RELATIONSHIP (QSAR) MODEL FOR PREDICTING A
DRUG’S POTENTIAL TO CAUSE LIVER INJURY IN
HUMANS.

M. Chen, H. Hong and W. Tong. US FDA National Center for Toxicological
Research, Jefferson, AR.
Drug-induced liver injury (DILI) is one of the leading causes of drugs failing during the drug development phase. Identifying the drug candidates associated with
DILI potential in human in the discovery stage can improve the drug pipeline.
Many efforts have focused on developing preclinical models to enhance prediction
accuracy for a drug’s DILI potential in human, including in silico models designed
to prioritize drug candidates for further experiments. We developed a quantitative
structure-activity relationship (QSAR) model using a support vector machine
method coupled with a genetic algorithm for descriptor selection. The model was
based on the in-house dataset with 137 DILI positive and 65 DILI negative drugs
(Chen et al., Drug Discovery Today, 16:697-703, 2011). We employed a hold-out
validation procedure in which a model was built on 70% of the drugs and its performance was subsequently evaluated on the 30% hold-out samples; this process
was repeated 100 times. This internal validation process achieved a model performance of 74% accuracy, 83% sensitivity, and 55% specificity. A subsequent permutation test indicated that the observed performance was not due to chance. We applied this model to an independent dataset containing 179 drugs generated by a
different group. The overall prediction accuracy in this external validation was
68%, demonstrating a slightly better performance over other published models.
The presented QSAR model, used together with other models developed in our
group, could be useful in drug discovery to assess drug candidates for their DILI
potential in humans.

2636

EFFECTS OF COMBINATIONS OF DIESEL EXHAUST
AND OZONE EXPOSURE ON LUNG FUNCTION IN
HUMAN VOLUNTEERS.

T. Stevens1, M. Case1, J. Berntsen2, C. Olenick3, M. Bassett1, T. Montilla1, H.
Hiers1, J. Pleil1, D. Diaz-Sanchez1 and M. C. Madden1. 1ORD, NHEERL,
EPHD, Clinical Research Branch, US EPA, Chapel Hill, NC, 2TRC, Chapel Hill,
NC and 3Emory University, Atlanta, GA.
Ozone (O3) exposure induces changes in human lung function, typically seen as a
decrease in forced expiratory volume in one sec (FEV1) and forced vital capacity
(FVC). Because people are usually exposed to other ambient air pollutants simultaneously with O3, there may be interactive effects between O3 and other pollutants
in inducing lung function changes. One common air pollutant is diesel exhaust
(DE). We examined whether DE exposure can alter O3-induced FEV1 and FVC.
Subjects (n=8) were exposed on Day 1 to 300 ppb O3, 300 ug/m3 DE, both O3
and DE, or filtered air (FA). On Day 2, subjects were exposed to 300 ppb O3.
Subjects performed intermittent moderate exercise for 2 hours during exposure on
both days. On Day 1, simultaneous O3 and DE exposure induced greater FEV1
(21+/-5%) and FVC (15+/-3%) decrements than the sum of only DE (no change
in FEV1 and FVC) plus only O3 (FEV1 decrement of 13+3; FVC decrement of
9+3%) exposures decrements. On Day 2, O3 exposure induced greater lung function decrements in subjects exposed to DE on Day 1 (FEV1 decrement of 16+/4%; FVC decrement of 13+/-3%) compared to their Day 1 FA exposure (FEV1
decrement of 9+/-4%; FVC decrement of 7+/-2%). Consecutive O3 exposures on
Days 1 and 2 induced the greatest lung function decrements. The rate of lung function recovery on both Days 1 and 2 were similar for all exposure sequences and
reached pre-exposure values for most subjects by 4 hr. These data suggest that O3induced FEV1 and FVC decreases can be modified by DE exposure. [This abstract
may not represent official US EPA policy.]

2637

TISSUE DISTRIBUTION OF INHALED MICRO- AND
NANO-SIZED CERIUM OXIDE PARTICLES IN RATS:
RESULTS FROM A 28-DAY EXPOSURE STUDY.

F. R. Cassee1, L. Geraets1, J. van Eijkeren1, J. D. Schroeter2 and A. G. Oomen1.
1National Institute for Public Health and the Environment (RIVM), Bilthoven,
Netherlands and 2Applied Research Associates, Inc., Raleigh, NC.
In order to obtain more insight into the tissue distribution, accumulation and elimination of cerium oxide nanoparticles after inhalation exposure, blood and tissue kinetics were investigated during and after a 28-day inhalation study in rats with
micro and nano cerium oxide particles (actual primary particle size: 615 nm, 28
nm, 45 nm). The gentle aerosolization resulted in comparable mass median aerodynamic diameter (1.40 μm, 1.17 μm, 1.02 μm). After a single exposure, approxi-

mately 10% of the inhaled dose was measured in lung tissue, as was also estimated
by a particle dosimetry model (MPPD). Though small differences in pulmonary
deposition efficiencies of cerium oxide were observed, no consistent differences in
pulmonary deposition between the micro and nano cerium oxide particles were observed. Each cerium oxide was also distributed to tissues other than lung after a single 6 h exposure, such as liver, kidney and spleen and also brain, testis and epididymis. No clear particle size-dependent effect on extrapulmonary tissue
distribution was observed. Repeated exposure to cerium oxide resulted in significant accumulation of the particles in both the pulmonary as well as the extrapulmonary tissues. In addition, tissue clearance was shown to be slow, and, overall, insignificant amounts of cerium oxide were eliminated from the body after 48-72 h
post-exposure.
In conclusion, no clear effect of particle size or BET surface area on pulmonary
deposition and extrapulmonary tissue distribution could be demonstrated, most
likely explained by similar aerodynamic diameter as a result of formation of aggregates of cerium oxide particles in the air. The implications of the accumulating
properties of cerium oxide particles for systemic toxicological effects after repeated
chronic exposure via ambient air needs to be explored.

2638

COMPONENTS OF COMBUSTION EMISSIONS
CAUSING VASCULAR RESPONSES IN MICE.

J. Mauderly1, S. Seilkop2, J. McDonald1, A. Lund1 and M. Campen3. 1Lovelace
Respiratory Research Institute, Albuquerque, NM, 2SKS Consulting Services, Siler
City, NC and 3University of New Mexico, Albuquerque, NM.
Components of combustion emissions are linked statistically with cardiovascular
effects of exposure to air pollution, but exposures are seldom characterized in detail
and it is not certain which pollutants actually cause the effects. To identify putative
causal pollutants, apolipoprotein E knockout mice fed high-fat diet were exposed 6
hr/day, 7 days/wk for 7 wk to multiple dilutions of diesel or gasoline exhaust, wood
smoke, simulated “downwind” coal combustion emissions, or to clean air. The
highest concentrations were administered with and without filtration to remove
particulate matter (PM). Exposures were analyzed in detail and components were
grouped into 45 predictor variables. Aortas were assayed for transcriptional alterations of 8 markers of oxidative stress and vascular remodeling. Analyses of data
from each study demonstrated differences in toxicity and little contribution from
particles. The combined 4-study database was analyzed using the multiple additive
regression tree (MART) method to identify the most important predictors of each
response regardless of pollutant source. Sulfur dioxide (SO2), nitrogen oxides (NO,
NO2), carbon monoxide (CO) and ammonia (NH3) were most consistently
among the top 5 predictors for the responses, with various volatile organics less
consistently among the top 5. MART analysis also yielded dose-response plots for
the partial dependence on each predictor of the responses to the mixtures. Mice
were then exposed to a mixture of the most dominant top 5 predictors as an initial
confirmation that the responses to the mixtures could be largely or wholly reproduced by exposure to the top predictors. Based on responses to 1 wk exposures in
previous studies, mice were exposed for 1 wk to a mixture of CO, NH3, NO,
NO2, and SO2 at a single concentration each, representing the concentrations
shown by partial dependence plots to have been necessary to maximize each pollutant’s effect on the mixture.

2639

ACUTE PHASE RESPONSE AND METABOLIC
SYNDROME BIOMARKERS OF LIBBY ASBESTOS
EXPOSURE.

U. Kodavanti1, O. Alzate2, J. H. Shannahan3, D. L. Andrews4, M.
Schladweiler1, S. Gavett1 and W. Winnik4. 1EPHD, NHEERL, US EPA, Research
Triangle Park, NC, 2Systems Proteomic Center, University of North Carolina at
Chapel Hill, Chapel Hill, NC, 3Curriculum in Toxicology, University of North
Carolina at Chapel Hill, Chapel Hill, NC and 4RCU, US EPA, Research Triangle
Park, NC.
Identification of biomarkers assists in the disease diagnosis and environmental
health risk assessment. Exposure to Libby amphibole (LA) has been associated with
increased cardiovascular mortality. We hypothesized that rats exposed to LA would
present a unique serum proteomic profile which could help elucidate biomarkers of
LA-induced injury. In a series of experiments (various LA exposure scenarios and
time points) healthy (Wistar Kyoto, WKY; and F344) and cardiovascular compromised rat models (spontaneously hypertensive, SH; and SH heart failure, SHHF)
were intratracheally instilled with saline (control), or LA. Several markers of cancer,
inflammation, metabolic syndrome (MetS) and acute phase response (APR) were
analyzed in serum. All rat strains exhibited acute increases in α-2-macroglobulin
and α1-acid glycoprotein. Markers of inflammation, lipocalin-2 and osteopontin
were increased in WKY rats after LA exposure while no LA effects were noted in the
MetS markers adiponectin, insulin, leptin, or mesothelin. Quantitative Intact

Proteomics profiling of WKY serum 1-day or 4-weeks after 4 weekly LA instillations indicated no oxidative protein modifications, however APR proteins were significantly increased. These included circulating serine protease inhibitor,
apolipoprotein E, α-2-HS-glycoprotein, t-kininogen 1 and 2, ceruloplasmin, vitamin D binding protein, and serum amyloid P, and decreased levels of serotransferrin, serum albumin, and fetuin A 1-day after LA exposure. All changes were evident
at 1-day and/or 2-week but were reversible thereafter during recovery. Thus, our
comprehensive analysis indicated that pulmonary exposure to LA induces an APR
and novel biomarkers of inflammation that could be useful in understanding systemic health effects of asbestos. (Does not represent US EPA policy).

2640

COMPARATIVE INHALATION TOXICITY OF CARBONNANOMATERIALS (MULTIWALL CARBON
NANOTUBES, GRAPHENE, AND CARBON BLACK).

L. Ma-Hock1, V. Strauss1, S. Treumann1, W. Wohlleben2, 1, S. Brill3, 1, K.
Wiench4, B. van Ravenzwaay1 and R. Landsiedel1. 1Experimental Toxicology and
Ecology, BASF SE, Ludwigshafen am Rhein, Germany, 2Polymer Physics, BASF SE,
Ludwigshafen am Rhein, Germany, 3Occupational Medicine, BASF SE,
Ludwigshafen am Rhein, Germany and 4Product Safety, BASF SE, Ludwigshafen am
Rhein, Germany.
Carbon black is a spherical carbon anomaterial whereas multiwall Carbon nanotubes (MWCNT) are cylindrical and graphene is a laminar allotrope of carbon.
Processing and handling as well as abrasion processes can set free inhalable CNT
particles. Results of rodent studies collectively show that regardless of the process by
which CNTs were synthesized and the types and amounts of metals they contained,
CNTs were capable of producing inflammation, epithelioid granulomas, fibrosis,
biochemical and or toxicological changes in the lungs (Lam et al. 2004, Muller et
al. 2005, Ma-Hock 2009, Pauluhn 2010). Graphene possess similar physical properties as CNT but may different toxicological property. We performed short-term
inhalation studies in rats to compare the toxic potency of four different CNT, two
graphenes and one carbon black. The materials are characterized thoroughly according to the OECD list. The four MWCNT caused morphological changes as
descriped above. Several biochemical and cytological parameters in the bronchoalveolar lavage fluid were strongly increased consistent with the histological findings. Two MWCNT exhibited a higher toxic potency than two other MWCNTS
and findings caused by one Graphene typ were even less severe. The graphene with
lower surface area as well as low surface area carbon black did not cause any adverse
effects up to 10 mg/m3. The short-term inhalation studies were able to descriminate different toxic potencies of carbon-based nanomaterials and is hence used for
the selection of less toxic materials for further product development as well as to define and prioritize higher-tier toxicological testing of nanomaterials.

2641

COMPARATIVE STUDY OF BEHAVIORS OF INHALED
SM, CE, OR EU IN MICE.

M. Chiba1, A. Shinohara2, 1, T. Matsukawa1, T. Kumasaka3 and K. Yokoyama1.
1Epidemiology and Environmental Health, Juntendo University, Tokyo, Tokyo, Japan,
2Research Institute for Cultural Studies, Seisen University, Tokyo, Tokyo, Japan and
3Pathology, Japanese Red Cross Medical Center, Tokyo, Tokyo, Japan.
[Introduction] Rare earth elements (REE) have been used for various industrial
products, and their opportunities to be absorbed in the human body have increased
in manufacturing fields. Inhalation is the most probable route in occupational
fields, during treatment of raw materials and scrapping of products after usage.
REE comprise a series of physicochemically similar metals but their biological behaviors are different due to the elements, chemical forms, and doses. The present
study focused on the behavior of inhaled Sm, Ce, and Eu in mice as an experimental model of occupational exposure.
[Experimental] Male ICR mice (6w) inhaled Sm2O3, CeO2 or Eu2O3 of 5 μm diameter in the exposure chamber at 15 mg/m3, 7 hours a day, 5 days a week, for 1
week or 4 weeks . On the next day and after 4 weeks of exposure, 5 mice of each
group were sacrificed. Sm, Ce, or Eu in lung, liver, and kidney was determined by
ICP-MS. Pathologic change of lung specimen was observed.
[Results and Discussion] Inhaled REE was mainly deposited in lung where their
concentrations depended on the elements, inhalation period, and elapsing time
after inhalation; Eu > Sm > Ce, 4 weeks exposure > 1 week exposure, and next day
> after 4 weeks. Increase of macrophage numbers in lung was observed but was not
correlated with depositing amounts of REE. In liver and kidney, concentrations of
REE were much lower (Eu, Sm > Ce). The solubility, aggregation property of particles and valence of ions are considered as causes of differences.
[Conclusion] Inhaled Sm, Ce, and Eu in mice were mainly distributed in lung;
however, their behaviors were different depending on the elements. (This study was
partially supported by Grant-in-Aid for Scientific Research (c) 21590665 and (c)
23590753, JSPS, Japan)
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2642

PLASMA OBTAINED FOLLOWING NITROGEN
DIOXIDE OR DIESEL ENGINE EMISSIONS EXPOSURE
INDUCES ADHESION MOLECULE EXPRESSION IN
HUMAN CORONARY ARTERY ENDOTHELIAL CELLS.

M. Campen1, M. C. Channell1, M. Madden2 and R. Devlin2. 1Pharmaceutical
Sciences, University of New Mexico, Albuquerque, NM and 2Human Studies
Division, US EPA, Chapel Hill, NC.
A major question regarding the mechanisms underlying cardiovascular effects of inhaled pollutants is the route by which the toxicity is transferred systemically. We
hypothesize that circulating factors, whether from the pollution or secondary biological intermediates, are a vital component of the findings of endothelial dysfunction and acute risk of myocardial events. To address this question in the most
straightforward manner, we obtained plasma from healthy human subjects exposed
to nitrogen dioxide (500 ppb) and filtered air on separate occasions (N=8) and also
from volunteers exposed to diesel (100 μg/m3) or filtered air (N=8). Plasma samples were obtained prior to and after exposures, enabling pairwise, repeated measures analysis. The plasma was added to the media (1:9 or 3:7 ratios) of confluent
human primary coronary artery endothelial cells and allowed to incubate for 24
hours at 37°C. After the incubation period, cells were washed and harvested for
RNA isolation. ICAM, VCAM, and P-selectin mRNA were then quantified from
the endothelial cells using qPCR. Plasma obtained following diesel emissions cause
a 20% increase in VCAM expression compared with comparable plasma obtained
before exposures and after filtered air exposures. Plasma obtained following nitrogen dioxide exposures caused a 40% increase in VCAM, a 30% increase in ICAM,
and a 50% increase in p-selectin. These findings clearly show that, following exposures to diesel and nitrogen dioxide, circulating factors are present that can induce
adhesion molecules crucial to vascular inflammation and injury.

2643

ACES PHASE 3: 4- AND 13-WEEK RESULTS FROM RATS
AND MICE EXPOSED TO 2007-COMPLIANT DIESEL
EMISSIONS.

M. Doyle-Eisele1, T. Holmes1, A. Gigliotti1, J. Seagrave1, R. Miller2, S.
Seilkop3, J. Mauderly1 and J. McDonald1. 1Lovelace, Albuqueruque, NM, 2EPL,
Research Triangle Park, NC and 3SKS Consulting, Silver City, NC.
Emissions from a 2007 compliant 500 hp engine and aftertreatment system operated on a variable-duty cycle were used to generate animal inhalation test atmospheres. Dilutions of exhaust were maintained at average integrated concentration of
4.1, 0.8 and 0.1 ppm NO2. Exposure atmospheres were characterized in detail.
Exposures were conducted 16 hr/day, 5 days/wk. Rats were evaluated by respiratory
function, hematology, serum chemistry, bronchoalveolar lavage, lung cell proliferation, and histopathological assays after 1 and 3 mo of exposure. Mice were exposed
for 3 mo, with assays of pulmonary toxicity (less respiratory function) after 1 and 3
mo of exposure. Over 100 measures of biological response to inhalation exposure
were evaluated. The majority of the measured biological response indicators were
unchanged with exposure. Exposures to rats resulted in statistically significant increases in lung lavage protein, lavage albumin, and tissue heme-oxygenase-1. There
was a decrease in tissue antioxidant capacity, and statistically significant trends in
decreased respiratory function (diffusion capacity, forced vital capacity, mean mid
expiratory flow). Analysis of tissues from histological sections showed no extrapulmonary effects, but showed mild epithelial hyperplasia in the central acinus region
of the lung at the high exposure level only. Exposures to mice showed increases in
lung lavage neutrophils and IL-6 at the high exposure level, and no observable
changes by histopathology. Work supported by the Health Effects Institute.

2644

AN IMPROVED COCULTURE SYSTEM MIMICKING
THE CELLULAR ORGANIZATION AT THE ALVEOLAR
BARRIER TO STUDY THE TOXIC POTENCY OF
PARTICLES.

A. C. Gutleb1, S. G. Klein1, 2, T. Serchi1, L. Hoffmann1 and B. Blömeke2. 1EVA,
Centre de Recherche Public—Gabriel Lippmann, Belvaux, Luxembourg and
2Environmental Toxicology, University Trier, Trier, Germany.
Exposure to small ambient particles like particulate matter (PM) has not decreased
in many parts of the world and the increased use of nanoparticles (NPs) may further increase exposure to particles that can be linked to an increased risk for respiratory diseases. Furthermore, particles can cross the alveolar barrier and affect the
underlying cells for example by inducing oxidative stress. Complex coculture systems may be valuable tools to study pulmonary processes (Klein et al., 2011;
doi:10.1016/j.tiv.2011.09.006). A complex coculture system consisting of four different human cell lines that should mimic the cell response of the alveolar surface in
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vitro after exposure to particles was developed. The system is composed of an alveolar Type-II cell line with the potential to produce surfactant (A549), differentiated
macrophage cells (THP-1) and mast cells (HMC-1). The presence of surfactant
plays an important role as it lowers the surface tension and facilitates particles displacement in vivo. The cells were grown in coculture on microporous membranes
under submerged conditions and then cultivated at the air-liquid-interface to force
the alveolar Type-II cells to produce the surfactant film. Oxidative stress was induced by incubation with H2O2 (0.003%; v/v) and quantified as the oxidization of
dichlorofluorescein diacetate (DCFH-DA) by measuring fluorescence. The coculture with two cell types (macrophages and epithelial cells) showed a 2.3 fold and
the tri-cell coculture a 4.2 fold increase of ROS formation compared to A549 in
monoculture. The results indicate that more complex cell models may be more realistic and can contribute to our mechanistic understanding about particle-induced
inflammatory processes.

2645

THE ORIGIN, MAGNITUDE, AND IMPLICATIONS OF
DIFFERENCES IN ASBESTOS CANCER RISK
ESTIMATES DERIVED USING VARYING PROTOCOLS.

D. Berman. Aeolus, Inc., Albany, CA. Sponsor: G. Brorby.
The origin and magnitude of differences in asbestos cancer risk estimates derived,
respectively, using the “IRIS” protocol (currently used by regulators) and the newer
Berman and Crump protocols were examined in a recent publication (Berman
2011). In that study, risks estimated by applying each protocol to real exposure
data from both laboratory and field studies were compared to assess the relative
health protectiveness of each protocol. The reliability of risks estimated using the
protocols were also compared by evaluating the degree with which each potentially
reproduces the known epidemiology study risks. Results from that study indicate
that the IRIS and Berman and Crump protocols can be reconciled; while environment specific variation within fiber type is apparently due primarily to size effects
(not addressed by IRIS) the 10 fold (average) difference between amphibole asbestos risks estimated using each protocol is attributable to an arbitrary selection of
the lowest of available mesothelioma potency factors in the IRIS protocol. As a consequence, the IRIS protocol may substantially underestimate risk when exposure is
primarily to amphibole asbestos. Moreover, while the Berman and Crump protocol
is more reliable than the IRIS protocol overall (especially for predicting amphibole
risk), evidence was presented suggesting a new fiber size related adjustment to the
Berman and Crump protocol may ultimately succeed in reconciling the entire epidemiology database. However, additional data need to be developed before the performance of the adjusted protocol can be fully validated.
In this talk, the analysis and findings of Berman 2011 will be summarized along
with the status of efforts underway to develop the data needed to finally and fully
vet asbestos risk protocols. Implications for the ongoing assessments of asbestos-related cancer risks, particularly associated with natural occurrences of asbestos, will
also be addressed.

2646

EVALUATION OF DATA FOR A CAUSAL ASSOCIATION
BETWEEN FORMALDEHYDE EXPOSURE AND
MYELOID OR LYMPHOID MALIGNANCIES.

J. Rodricks1, R. Gentry1, A. Shipp1, D. Turnbull1, A. Bachand1, C. Van
Landingham1, R. Irons2 and R. J. Albertini3. 1ENVIRON International
Corporation, Arlington, VA, 2Cinpathogen, Inc., Boulder, CO and 3University of
Vermont, Burlington, VT.
Recent risk assessments have been conducted relying upon the hypothesis that exposure to formaldehyde has the potential to result in myeloid or lymphoid malignancies. The biological plausibility of that conclusion must be reconciled with recent data that suggest evidence in contrast to this hypothesis. Formaldehyde is
rapidly metabolized and highly reactive and, because it is an endogenous compound, detectable changes in the natural background levels are necessary to result
in adverse effects. The development of sensitive assays of DNA adduct formation in
several species has demonstrated that adducts derived from exogenous exposures to
formaldehyde are confined only to the sites of contact. A recent study (Zhang et al.
2010) has provided results of aneuploidy in circulating stem cells that provide potential support for proposed mechanisms for formaldehyde to impact bone marrow.
However, this demonstration of aneuploidy in human hematopoietic stem cells by
the assay selected (CFU-GM) does not measure the proposed events in precursor
cells for acute myeloid leukemia. In addition, evaluation of the supporting data indicate that the aneuploidy measured could not have arisen in vivo, but rather arose
during in vitro culture, which together with numerical inaccuracies raise questions
regarding the reported results. Statistical analyses of the supporting data suggest factors other than formaldehyde exposure may have contributed to the observed aneuploidy. These results, in combination with recent toxicological, pharmacokinetic,
and mechanistic studies, raise questions regarding the biological plausibility of a
mechanism for a causal association between formaldehyde exposure and myeloid or
lymphoid malignancies.

2647

DEVELOPING A HIGH-THROUGHPUT REAL-TIME IN
VITRO TOXICITY TESTING METHOD FOR HUMAN
RISK ASSESSMENT.

C. Jin1, M. Stampfl1, Y. Abassi1, X. Wang1, X. Xu1, F. Ackah2, W. Zhang2, C.
Vichaya3, D. Y. Huang3, D. W. Kinniburgh3 and S. Gabos2. 1ACEA Biosciences,
Inc, San Diego, CA, 2Alberta Health and Wellness, Edmonton, AB, Canada and
3Department of Physiology and Pharmacology, Alberta Centre for Toxicology,
University of Calgary, Calgary, AB, Canada.
Human health risk assessment of environmental contaminants relies on evidence
from animal toxicity testing and human epidemiological studies. High throughput
methods are in demand for testing large number of chemicals known or suspected
to pose risk to human health. Taking advantage of impedance based non-invasive
high content screening system, and human cell lines with different organ origins, a
cytotoxicity profiling project is under development to: (1) assess and validate the
usefulness of this new in vitro screening system for identifying general toxicity of
environmental hazards; (2) develop a biologically relevant human health risk assessment model of environmental contaminants; and (3) unveil possible mechanisms
and toxicity pathways by which toxicants work. Cells were seeded in special E-Plate
to record impedance signals, which were continuously monitored for ~100 hours to
reflect cell growth and responses to testing chemicals. Each chemical was tested
with 11 different doses in duplicate or quadruplicate, and repeated with at least one
separate experiment. At selected time points, IC50 were calculated from each testing cell line. Preliminary testing of 14 chemicals spreading across 5 GHS categories
revealed that the new assay has good window and reproducibility; prediction between in vitro parameters (IC50) and animal in vivo data (LD50) was reasonable.
Preliminary testing of 30 chemicals fall into different cellular target groups, such as
DNA damaging reagent, cytoskeleton modulators, revealed that this approach also
help to discover mechanisms of actions from some testing chemicals. Further testing with more standard chemicals is planned. Taken together, this assay system has
great potential to be a primary screening method in risk assessment, because of its
higher throughput, better extrapolation model, and better understanding of toxicity pathways.

2648

TOXICITY TESTING IN THE 21ST CENTURY (TT21C)—
GENOTOXICITY AS A TOX-PATHWAY CASE STUDY.

S. Malcomber1, Y. Adeleye1, M. E. Andersen3, M. Batakurki2, P. Carmichael1,
R. Clewell3, M. Davies1, M. Dent1, S. Edwards1, C. Moore1, S. Ross3, A.
Scott1, B. Sun3, S. Tk2, A. White1 and S. Windebank1. 1Safety & Environmental
Assurance Centre (SEAC), Unilever, Bedford, MK44 1LQ, United Kingdom, 2SEAC,
Hindustan Unilever Research Center, Bangalore, India and 3The Hamner Institutes
for Health Sciences, Durham, NC.
Assuring the safety of consumer products without animal toxicity testing is a considerable challenge. The 2007 NAS report on TT21C (Krewski, et al., 2010) provides a plausible framework that could ultimately make non-animal risk assessments for ingredients in personal care products a reality. We are applying the key
elements of the TT21C vision and strategy to a real life safety assessment. Unilever
and The Hamner Institutes have undertaken a joint project to understand how a
risk assessment could be performed using genotoxicity and changes in the p53
DNA damage/repair network, as a prototype toxicity pathway. Quercetin, a
flavonoid material that produces an adverse response in Genetic Toxicology in vitro
assays, but which is negative in in vivo studies, was used as a case study chemical. In
vitro dose response data for quercetin were produced using two high-throughput
micronucleus assay methods (Cellomics and Litron flow cytometry), and with a
medium-throughput Comet assay, all in the human epithelial cell line HT-1080. A
dose-range-finder experiment was performed using quercetin up to 660 μM, and
the results used to identify the appropriate concentration range for focussed investigation of the response. Data from independent replicate experiments for all assays
were statistically analysed to examine the dose response and to determine a point of
departure for risk assessment. This project uses the dose response results in combination with PBPK (Physiologically-Based Pharmacokinetic) modelling of consumer exposure to quercetin to conduct a specific personal care risk assessment.

2649

ENDOGENOUS DNA DAMAGE: CONSIDERATIONS
FOR DOSE-RESPONSE AND RISK ASSESSMENT.

L. H. Pottenger1, J. A. Swenberg2 and J. S. Bus1. 1The Dow Chemical Company,
Midland, MI and 2University of North Carolina at Chapel Hill, Chapel Hill, NC.
The significant ubiquitous presence of steady-state DNA damage, arising from endogenous processes and including pro-mutagenic adducts, has been reported recently. Such endogenous DNA damage data provide key information that should
be addressed in human health risk assessments, especially if a mutagenic mode of

action (MOA) contributes to a carcinogenic response. This case study, from the
Alliance for Risk Assessment workshop series, reviewed published data on
formaldehyde (FA), vinyl chloride, and ethylene oxide, to develop key considerations for a conservative approach to place an upper bound on potential risk, for example, based on the dose-response for a specific, pro-mutagenic, persistent DNA
adduct. The case study evaluates data on endogenous and background DNA damage to better inform risk assessment of DNA-reactive chemicals, incorporating the
identified considerations as follows: 1) DNA is not pristine but has a constant burden of damage, including pro-mutagenic damage, stemming from unavoidable exposures and endogenous processes. 2) The endogenous DNA adducts can be the
same ones induced exogenously, thus are structurally and biologically equivalent,
e.g., FA N2-hydroxymethyldG (N2-OHMedG). 3) DNA adducts from exogenous
vs. endogenous exposures are only distinguishable by using stable isotope- or radiolabelled chemicals; reliable data are scarce but convincing (e.g., 1.3 [13C-FA] & 2.6
N2-OHMedG/107 dG, respectively, for rat nose following 6 h exposure at 10 ppm
FA). 4) The limited reliable FA data show that the combined DNA adduct dose-response is non-linear. 5) Reliable DNA adduct data help risk assessors better understand the shape of low-dose dose-response curves for critical steps, in particular for
doses where exogenously-induced DNA adducts are not observed or fall within the
range of endogenous DNA damage. This approach can serve to test the plausibility
of risk values from other approaches, such as the validity of the universal application of linear/no threshold approaches for risk assessment of genotoxic substances.

2650

CHEMICAL TESTING IN 3D CULTURES OF RODENTS
AND MEN IMPROVES HUMAN RISK ASSESSMENT.

E. Fritsche1, 2, J. Baumann1, T. Schreiber1 and K. Gassmann1. 1Toxicology,
Leibniz Research Institute of Environmental Medicine, Duesseldorf, Germany and
2Clinic of Dermatology, RWTH, Aachen, Germany.
Chemical testing for the identification of hazards for human health bears the wellknown problem of species extrapolation. One approach of gaining knowledge
about the molecular aspects underlying species differences with regard to chemical
sensitivity is the direct comparison of cells derived from different species including
humans. This concept is exemplified for developmental neurotoxicity (DNT) testing. We set up comparative in vitro systems for the development of human (h) and
mouse (m) primary neural progenitor cells (NPC) in culture. With these ‘neurosphere assays’ we tested the effects of brominated diphenyl ether (BDE)-99 and
Arylhydrocarbon receptor (AhR) agonists/antagonist on neurosphere development.
Moreover, we tested a training set of DNT and negative compounds on hNPC and
rat (r)NPC. Both, BDE-99 and AhR modulation impaired neurosphere development. However, for BDE-99 hNPCs were much more sensitive than the murine
counterparts. These effects are due to a differential expression of thyroid hormone
receptors between the species. In contrast, hNPCs were completely insensitive to
AhR modulation while mNPC development was affected. This can be explained by
a lack of AhR expression in hNPCs as also AhR knockout mNPCs are protected
against the adverse effects of AhR modulation. For the training set, different sensitivities were observed between rNPC and hNPC. Although basic processes of cell
and organ function like brain development are quite similar between mice and
men, molecular dissimilarities cause differences in susceptibilities towards chemicals between species as is shown here for chemicals which interact with the thyroid
hormone receptor or the AhR. Therefore, knowledge on toxicity pathways for humans vs rodents is a necessity for human hazard identification and can certainly
help in risk assessment.

2651

FACTORS INFLUENCING MUTAGENIC MECHANISM
OF ACTION DETERMINATIONS FOR
ENVIRONMENTAL CHEMICALS.

D. A. Eastmond1 and B. Sonawane2. 1University of California, Riverside, CA and
2US EPA, Washington, DC.
The determination of whether a chemical induces cancer through a mutagenic or
genotoxic mechanism frequently plays an important role in developing risk estimates associated with low dose exposure. While various approaches have been proposed and are being used for making decisions about an agent’s mode of action, a
systematic investigation to ascertain how these determinations are influenced by intrinsic and extrinsic factors has not been conducted. To determine the influence of
such factors, we evaluated in detail over 30 chemical risk assessments conducted by
U.S. or international regulatory agencies and organizations, and identified key factors that appeared to have played a significant role, either directly or indirectly, in
the decision-making process. The major factors identified included the physicochemical properties of the chemical or derived products, its metabolism and toxicokinetics, the effects seen in vivo, particularly in the target organ, structural or metabolic similarities between the agent and other known mutagenic or nonmutagenic
chemicals, the nature or unique characteristics of the tumors induced in the animal
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bioassays, and the origin of the observed damage. The quality of the data and the
nature of the genotoxic endpoint being examined and its sensitivity to toxicity and
assay conditions were also important considerations. In each case, the organizations
used a weight-of-evidence approach and, in most cases where an evaluation was
done by more than one authoritative body, similar conclusions were reached.
However, at times, significant differences were observed in how the evidence was
evaluated and the conclusions reached. We conclude that a critical evaluation of the
data as well as expert judgment is needed in reaching mechanism of action conclusions, and that these determinations should be made within the broader context of
evaluating the chemical’s overall toxicology and carcinogenicity. Disclaimer: The
views expressed are of those of the authors and do not necessarily reflect the views
or policies of the US EPA.

2652

PBPK/PD MODELING OF KEY EVENTS IN A TOXICITY
PATHWAY—IMPLICATIONS FOR DETERMINING
POPULATION THRESHOLDS.

D. R. Juberg1 and P. Price2. 1Dow AgroSciences, Indianapolis, IN and 2The Dow
Chemical Company, Midland, MI.
A source-to-outcome model was created for dietary exposures of chlorpyrifos by
linking probabilistic dietary exposure models with a PBPK/PD model of an early
key event, acetyl cholinesterase inhibition, in the toxicity pathway for the cholinergic effects of the compound. This modeling addresses several concerns raised in
Chapter 5 of the NAS report “Science and Decisions”, as discussed at the Alliance
for Risk Assessment workshop series. First, the modeling goes beyond MOE or HI
approaches used in traditional non-cancer risk assessments and provides information on the fraction of the population affected by a given dose (i.e., exposure).
Second, the model allows the quantitative investigation of inter-individual variations in both exposure and response (variation in sensitivity) for different age
groups (adults, children, and infants). Third, the analysis provides an opportunity
to investigate the impact of knowledge of mode of action (MoA) on two concepts
that appear in the NAS report - the “marginal population” and the “background
dose”. It is known that at some sufficiently high exposure, AChE inhibitors can
cause a range of non-specific symptoms (e.g., cramps, nausea, and pupil dilation)
and that there is background incidence for such symptoms in the general population that occurs from external factors (other than AChE inhibitors). Results from
this project demonstrate that current dietary exposures of chlorpyrifos are not expected to change the frequency of these symptoms as the exposure is insufficient to
induce the key event (i.e., suppression of acetylcholinesterase). Thus even individuals who are predisposed to experience these symptoms are not expected to be affected by the current levels of dietary chlorpyrifos exposure. This suggests that a
low-dose nonlinear individual and population-based dose-response model is most
appropriate for this compound. This finding may be relevant for other compounds
where MoA data indicate that current exposures do not exceed a threshold for a key
event.

2653

DATABASE DEVELOPMENT AND ANALYSES OF
EMERGENCY RESPONSE PLANNING GUIDELINES
(ERPGS).

M. H. Sims, M. T. Chu, C. J. Collar and E. Demchuk. ATSDR/CDC, Atlanta,
GA. Sponsor: B. Fowler.
Developed by the American Industrial Hygiene Association (AIHA), ERPGs are
widely used as community exposure guidelines to make informed decisions about
airborne chemical hazards. Currently, < 1% of commercially used chemicals have
an ERPG assigned. It was proposed to estimate missing values from quantitative
structure-activity relationship (QSAR) modeling. The goal of the present work was
to develop a database of inhalation toxicity information for ERPGs that can be used
for QSAR modeling and to compare ERPGs to other common health guidance values: acute exposure guideline levels (AEGLs) and concentrations causing 50%
lethality (LC50s). A database for 140 ERPGs was developed from technical support
documents (TSD), 270 AEGLs were derived in-house, and 59 experimental rat
acute inhalation LC50s were extracted from the TOPKAT software. ERPGs and
AEGLs were linearly correlated on the log scale with r2 of 0.69, 0.93, and 0.93 at
the -1, -2, and -3 severity threshold levels, respectively. For ERPG to rat LC50
analysis, the r2 values were 0.52, 0.64, and 0.68, respectively. Deming regression log
ERPGs and rat log LC50s suggested identity of the slopes (β) but not intercepts (α)
at 99% confidence level (ERPG-1/LC50: β=1.3[99% CI: 0.84,1.7], α=-4.1[99%
CI: -5.8,2.4], ERPG-2/LC50: 1.0[0.79,1.3], -2.2[-3.1,-1.2] and ERPG-3/LC50:
0.99[0.77,1.2], -1.23[-2.1,-0.4]), i.e. on average LC50s require scaling down by a
factor of 104, 102, and 10 for deriving ERPG-1, -2, and -3, respectively. ERPG estimates derived using a preliminary ERPG QSAR model were 66%-, 75%-, and
74%-correlated with the actual data for ERPG-1, -2, and -3, respectively. When
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ERPG and AEGL databases were combined, the predicted correlations were similar
(73%, 57%, and 75%, respectively), but the coverage of chemical space improved.
These findings suggested that ERPGs are statistically identical to 1-hour AEGLs
and comparable to rat LC50s. These data can be used together to develop models
for emergency assessment of airborne chemical concentrations.

2654

EVOLUTION AND IMPLEMENTATION OF COMBINED
CHEMICAL EXPOSURES METHODS—
INTERNATIONAL PERSPECTIVES.

M. Mumtaz1, B. Meek2, M. Faust3 and A. R. Boobis4. 1Division of Toxicology and
Environmental Medicine, CDC ATSDR, Atlanta, GA, 2University of Ottawa,
Ottawa, ON, Canada, 3Faust & Backhaus Environmental Consulting GbR, Bremen,
Germany and 4Imperial College, London, United Kingdom.
The global risk assessment community, in response to recognition of the importance of the impact of combined exposure to multiple chemicals and other stressors, has been collaborating to coordinate efficient methods development.
Important in these efforts is sharing of international expertise and experience
gained in individual countries through global planning, strategic research, and coordinated assessment methodology. These efforts are being led by the World Health
Organization/International Programme on Chemical Safety (IPCS), the
Organization for Economic Cooperation and Development (OECD), and the
International Life Sciences Institute (ILSI). The laws passed by United States and
other governments have resulted in federal guidance for combined exposures assessment and joint toxicity assessment of multiple environmental contaminants/stressors. WHO and OECD have developed a framework for assessment of combined
exposures with an emphasis on the critical content of problem formulation, the role
of predictive tools in grouping of chemicals for consideration, and the importance
of explicit delineation of uncertainty and sensitivity for tiered exposure assessment.
The European Commission has supported the development of a state of art report
for the predictive assessment of the toxicity of combined exposures in a regulatory
context. ILSI’s Health Environmental Science Institute (HESI) has pursued efforts
to study the likelihood of synergism at low dose levels and the application of the
threshold of toxicological concern (TTC) in Tier-0 screening approaches. Our expert panel will discuss the evolution of methods, harmonization of efforts of the recent past, and the role of coordinated research in future developments.
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PROPOSITION 65: TWENTY-FIVE YEARS OF
IMPLEMENTING CALIFORNIA’S UNIQUE AND FARREACHING LAW REGULATING ORGANIC AND
METALLIC CARCINOGENS AND
DEVELOPMENTAL/REPRODUCTIVE TOXINS.

G. V. Alexeeff1, L. Roberts2, J. Landolph3, J. Murray4, S. Fiering5, J. Margulies6
and M. Green7. 1OEHHA, Cal/EPA, Oakland, CA, 2Chevron Energy Technology
Company, Richmond, CA, 3Norris Comprehensive Cancer Center/Keck School of
Medicine/School of Pharmacy, University of Southern California, Los Angeles, CA,
4Murray & Associates, San Jose, CA, 5California Attorney General’s Office, State of
California, Oakland, CA, 6Fulbright & Jaworski LLP, Los Angeles, CA and 7Center
for Environmental Health, Oakland, CA.
Proposition 65 requires the Governor to publish, at least annually, a list of chemicals known to the state to cause cancer or reproductive toxicity. Proposition 65, the
Safe Drinking Water and Toxic Enforcement Act of 1986, was enacted as a ballot
initiative in November 1986. The Proposition was intended by its authors to protect California citizens and the State’s drinking water sources from chemicals
known to cause cancer and birth defects or other reproductive harm, and to inform
citizens about exposures to such chemicals. The first list of chemicals was developed
in 1987. Since then over 530 chemicals have been listed for cancer, including
Cr(VI), nickel, and arsenic compounds and many organic and metallic/metalloid
carcinogens, and 300 chemicals have been listed for reproductive toxicity. The
statute states that “no person in the course of doing business shall knowingly and
intentionally expose any individual to a chemical known to the state to cause cancer or reproductive toxicity without first giving a clear and reasonable warning…”
The Proposition has resulted in product warnings, reformulations, and the identification of toxic substances in products from candy to jewelry. The law has also resulted in extensive discussions of the nexus between science and the law. The session will discuss this nexus with regard to the law’s implementation and
enforcement, its strengths and weaknesses, and its influence on science and toxicology. The session will include business and environmental perspectives on what
works and what doesn’t.
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REFINING YOUR SCIENCE COMMUNICATION
SKILLS.

M. Mercado-Feliciano1, T. Pastoor2, G. Gray3, N. Walker1 and N. Beck4.
1National Toxicology Program, NIEHS, Research Triangle Park, NC, 2Syngenta,
Greensboro, NC, 3School of Public Health and Health Services, George Washington
University, Washington, DC and 4Office of Information and Regulatory Affairs, Office
of Management and Budget, Washington, DC.
Attendee questions during a Science Policy Opportunities Education-Career
Development Session at the 2010 SOT Annual Meeting highlighted the importance of effective communication as a key skill needed to succeed in the field of science policy. As scientists progress in their careers and/or transition into the science
policy arena or into positions that require interactions with the public sector, effective written and oral communication becomes a vital skill. This session is designed
to share information on key aspects and topic areas that are of critical importance
when communicating science to fellow scientists and non-scientists alike. We will
begin this session by covering the importance of effective communication skills and
show students and postdoctoral fellows how to begin building a skill set, thus
preparing themselves for careers in science, policy, or public health. From there, tips
and advice will be provided on communicating science to the general public, as well
as how to communicate science to other scientists—a skill that is often overlooked
within academic environments. Rounding out this important information will be
delivery of the art of the one-page memo, explaining how to summarize large scientific documents for the benefit of nonscientist decision makers. All the presentations will underscore the necessity of educating a target audience that needs to understand complex scientific concepts and critical issues regarding impacts on
stakeholders—taxpayers, shareholders, etc.—in order to facilitate decision-making,
but has limited prior background of the science at hand. Time will be allotted for a
robust discussion period, including questions and answers directed at all the speakers.
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ROLES OF RAT HEPATOCYTE MALIGNANT
TRANSFORMING FACTOR (HMTF) IN RAT LATESTAGE HEPATOCARCINOGENESIS.

S. Suzuki1, 2, P. Pitchakarn1, 3, K. Takeshita1, M. Asamoto1, S. Takahashi1 and T.
Shirai1. 1Experimental Pathology and Tumor Biology, Nagoya City University
Graduate School of Medical Sciences, Nagoya, Japan, 2Pathology Division, Nagoya
City East Medical Center, Nagoya, Japan and 3Biochemistry, Faculty of Medicine,
Chiang Mai University, Chiang Mai, Thailand.
We have been trying to find genes involved in malignant transformation in rat hepatocarcinogenesis by DNA microarray. Recently we identified a novel gene which
was overexpressed in hepatocellular carcinoma (HCC). Its function is unknown
and we named it hepatocyte malignant transforming factor (HMTF). Northern
blot and in situ hybridization demonstrated high levels of HMTF in rat HCC cell
lines, lymphocytes in the spleen, colon mucosal epithelia, spermatocytes, and granule cells of the hippocampus. Reduction of HMTF by RNA interference (RNAi) in
N1 cells, an HCC cell line, caused suppression of cell proliferation, invasion and
migration. Suppression of proliferation appeared to be due to cell cycle arrest without increased apoptosis. Decreased HMTF expression resulted in down-regulation
of STAT3, PCNA and cyclin D1 and up-regulation of p27. These results suggest
that HMTF is a new marker for rat HCC and is involved in HCC cell proliferation
and may also be linked to cell proliferation in the spleen, colon, brain and testis.

2658

IMPACT OF INHALATION EXPOSURE REGIMEN ON
THE POTENTIAL OF BENZENE TO INDUCE
GENOTOXICITY IN MICE.

C. Palermo1, M. G. Bird1, B. A. Wetmore2, D. J. Letinski1, M. Chen1 and A. R.
Schnatter1. 1ExxonMobil Biomedical Sciences, Annadale, NJ and 2The Hamner
Institutes for Health Sciences, Research Triangle Park, NC.
Occupational exposure to benzene is associated with an increased incidence of
aplastic anemia, myelodysplasia, and acute myeloid leukemia after chronic exposure. Previous repeat dose studies in rodents have demonstrated that dose, route of
administration, and exposure regimen (i.e. concurrent vs. intermittent) influence
metabolite formation and genotoxic outcome following relatively high benzene exposures. The aim of this study was to evaluate the effect of exposure regimen for
lower benzene exposures on metabolite formation, genotoxicity, and glutathione
levels on mice exposed to the same total amount (ppm.hr) of benzene. To achieve
the same total benzene exposure (60 ppm.hr), mice were exposed to varying con-

centrations either intermittently or continuously for 1 to 3 days as follows: 40 ppm
benzene for 3 days (30 min once/day), 60 ppm benzene for 2 days (30 min
once/day), 60 ppm benzene for 1 day (two 30 min exposures), 120 ppm benzene
for 1 day (one 30 min exposure). Urine was collected from individual mice for 24
hours starting immediately after the last exposure. Blood and bone marrow were
collected at necropsy 24 hours after the last exposure. No treatment-related changes
were observed in blood glutathione levels (GSH or GSSG) or micronuclei (MN)
induction in any of the benzene exposure groups. Mice exposed to 120 ppm for 30
min exhibited a statistically significant increase in urinary metabolite concentrations (hydroquinone, t,t-muconic acid, and s-phenylmercapturic acid) compared to
all other treatment groups. Mice exposed to 40 ppm (3 days) or 60 ppm (for either
1 or 2 days) showed an increase in t,t-muconic acid concentration versus controls.
This increase in t,t-muconic acid was comparable regardless of the exposure regimen (i.e. intermittent or continuous). While changes in metabolite levels were observed under these exposure conditions, the results indicate that these lower dose
acute exposures, regardless of exposure regimen, do not induce genotoxicity over
background levels.

2659

ROLE OF MAMMARY EPITHELIAL AND STROMAL
P450 ENZYMES IN THE CLEARANCE AND METABOLIC
ACTIVATION OF 7, 12DIMETHYLBENZ(A)ANTHRACENE.

L. Yang1, Y. Yao1, S. Liu1, W. Yang1, B. Moorthy2, X. Ding1 and J. Gu1.
1Wadsworth Center, Albany, NY and 2Baylor College of Medicine, Houston, TX.
Exposure to environmental chemical carcinogens is a possible contributing factor in
breast carcinogenesis. Microsomal P450 (P450) enzymes play a critical role in the
metabolic activation of chemical procarcinogens. P450 enzymes are expressed in
both epithelial and stromal cells in the mammary gland. The specific roles of mammary epithelial and stromal P450s in carcinogenesis are poorly understood, although the importance of the interplay between the two cell populations in breast
carcinogenesis has been increasingly recognized in recent years. The aim of this
study was to test the hypothesis that mammary epithelial P450 enzymes are critical
for the metabolic disposition of 7,12-dimethylbenz(a)anthracene (DMBA) in the
target tissue, whereas both epithelial and stromal cells are capable of metabolic activation of this breast procarcinogen, leading to DNA adduct formation in the mammary gland. To test this hypothesis, we studied a new mouse model (named MEpiCpr-null), in which P450 activities in the mammary epithelial cells are suppressed
through tissue-specific deletion of the gene for P450 reductase (Cpr), an enzyme required for the activity of all microsomal P450 enzymes. The MEpi-Cpr-null mouse
was prepared by crossbreeding the Cpr-lox mouse with the MMTV-Cre mouse.
Comparisons between wild-type and MEpi-Cpr-null mice showed that the suppression of P450 activities in the mammary epithelial cells resulted in a significant
increase in the levels of DMBA and DMBA-DNA adduct (determined by [32]Ppostlabeling) in the mammary glands, following a single i.p. dose of DMBA at 50
mg/kg. This finding not only demonstrated the critical role of mammary epithelial
cells in the metabolic disposition of DMBA, but also revealed the capacity of mammary stromal cells in the metabolic activation of this breast procarcinogen in the
target tissue. (Supported in part by NIH grant ES018884)

2660

CARCINOGENESIS STUDY OF
TRIMETHYLOLPROPANE TRIACRYLATE IN F344/N
RATS AND B6C3F1 MICE.

I. Surh1, D. B. Rao2, 3, M. Cesta2 and R. Chhabra1. 1Toxicology Branch, Division
of National Toxicology Program, National Institute of Environmental Health Sciences,
Research Triangle Park, NC, 2Cellular and Molecular Pathology Branch, Division of
National Toxicology Program, National Institute of Environmental Health Sciences,
Research Triangle Park, NC and 3Integrated Laboratory Systems, Inc., Research
Triangle Park, NC.
Trimethylolpropane triacrylate (TMPTA) is a multifunctional monomer with a
wide range of industrial applications as a cross-linking agent, reactive diluent, and
chemical intermediate. Repeated dermal exposure to humans or animals leads to
contact dermatitis and irritation of the skin. Based on its high production volume
and current use information, widespread human exposure in the workplace as well
as to final product users is anticipated, mainly through the skin. To determine the
carcinogenic potential of TMPTA, male and female F344/N rats and B6C3F1 mice
were administered TMPTA (0, 0.3, 1.0, or 3.0 mg/kg) in acetone dermally for 2
years. There were no differences in the body weights and survival in the treated animals compared to controls. There were no clinical signs of toxicity related to
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TMPTA administration. Non-neoplastic skin lesions at the site of application included epidermal hyperplasia and hyperkeratosis. The preliminary analysis suggested TMPTA associated systemic carcinogenic activity in rats and mice. In male
rats, there was a positive dose-related trend in the incidences of malignant mesothelioma; the incidence in 3.0 mg/kg males was significantly greater than the vehicle
control incidence. Rare malignant liver neoplasms observed in female mice included hepatoblastoma in the 0.3 and 3.0 mg/kg groups, and hemangiosarcoma as
well as hepatocholangiocarcinoma in the 1.0 and 3.0 mg/kg groups. The incidences
of uterine stromal polyp and stromal polyp or stromal sarcoma (combined) in female mice occurred with positive trends and the incidences were significantly increased in the 3.0 mg/kg group. Our results are consistent with previous studies
conducted in the Tg.AC mouse model. The definitive interpretation of the data is
currently underway.

2661

DIFFERENTIAL EFFECTS OF CHRONIC
INFLAMMATION ON DHPN LUNG CARCINOGENESIS
IN F344, WISTAR-HANNOVER AND SD RATS.

Y. Nakano1, N. Hashimoto1, M. Yokohira1, K. Yamakawa1, S. Kishi1, F.
Ninomiya1, K. Saoo1, 2 and K. Imaida1. 1Faculty of Medicine, Kagawa University,
Kita-gun, Kagawa, Japan and 2Kaisei General Hospital, Sakaide, Kagawa, Japan.
It is well known that chronic inflammation has the potential to promote carcinogenesis. In this study, effects of lung inflammation, caused by intratracheal instillation (i.t.) of quartz particles on N-bis (2-hydroxypropyl) nitrosamine (DHPN)
lung carcinogenesis in F344, Wistar-Hannover and SD male rats were examined.
In experiment 1, from week 0, lung tumorigenesis was initiated by DHPN in
drinking water for 2 weeks and 2 mg quartz was administrated by i.t. at week 4.
Rats were sacrificed after sampling their blood at week 24 for histopathological examination of lungs. In experiment 2, 2 mg quartz was administrated by i.t. on day
0 and the rats were sacrificed and examined on day 1 and 28, thereafter.
In experiment 1, carcinogenic potential was examined by comparing the numbers,
areas and incidences of the lung tumors (adenomas, bronchial papillomas and adenocarcinomas). Lung inflammation was evaluated by scoring levels for the intensity
of infiltration of lymphocytes, neutrophils and histiocytes, as well as pulmonary
edema and fibrosis in experiments 1 and 2. Blood samples were examined hematologically and biochemically, parameters including interleukin-6 (IL-6).
The numbers, areas and incidences of the tumors were increased with inflammation
scores in F344 and SD rats, but in Wistar-Hannover rats decrease was noted.
Quartz i.t. induced severe inflammatory changes in the lungs of F344 rats, whereas
less influence was evident in Wistar-Hannover rats. No significant differences in IL6 were apparent among the treatment groups.
The present experiments indicated that rat strain differences are observed under
lung inflammatory conditions caused by quartz instillation. Resultant chronic inflammation might have promoting effects on lung tumorigenesis in F344 and SD
rats.

2662

POTENTIAL CARCINOGENIC TRANSFORMATION OF
MYELOID PROGENITOR CELLS WITH
FORMALDEHYDE.

L. Fuhrman, E. J. Tokar and M. P. Waalkes. National Toxicology Program
Laboratory, DNTP, NIEHS, Research Triangle Park, NC.
Formaldehyde (FA) is known to induce genotoxic and cytotoxic effects in cells or
tissues directly exposed to the chemical and is associated with nasopharyngeal cancer in humans. Additionally, there are epidemiological data suggesting a positive
correlation between occupational FA exposure and hematopoietic cancers in humans. Although the mechanism of FA-induced nasopharyngeal cancer has been extensively studied, it is poorly understood how inhaled FA exposure could lead to
hematopoietic cancers. A proposed possibility is the transformation of local stem
cells or circulating blood hematopoietic stem cells, which then undergo homing
and lodgment similar to bone marrow transplantation. In this study, we use the
normal murine myeloid progenitor cell line, 32Dcl3, to help define the carcinogenic potential of FA in this cell type. Secretion matrix metalloproteinase-2 (MMP2), an enzyme that degrades the extracellular matrix and is associated with aggressiveness of leukemias, was used to initially assess cancer phenotype. HoxA9, a
highly expressed Hox gene in hematopoietic stem cells that is often over-expressed
in both experimental and human leukemias, was assessed as a molecular marker of
transformation. 32Dcl3 cells in suspension culture were exposed to FA (10 μM)
continuously with passage twice weekly. Although no change in MMP-2 secretion
occurred at week 7 of FA exposure, by 10 weeks of exposure secreted activity in-
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creased by over 300%, indicative of an acquired cancer phenotype. In addition, in
32Dcl3 cells exposed to FA for 10 weeks HoxA9 transcript expression increased 3.2fold over control. These data provide initial evidence that FA may be able to induce
an oncogenic phenotype in hematopoietic progenitor cells, although additional
studies are required.

2663

FORMATION OF 7-(2-OXOETHYL)GUANINE FROM
LIPID PEROXIDATION AND VINYL CHLORIDE
EXPOSURE IN MALE SPRAGUE DAWLEY RATS.

E. Mutlu1, Y. Jeong2, L. Collins1, A. Ham3, P. Upton1, G. Hatch4, D.
Winsett4, P. Evansky4 and J. Swenberg1. 1Department of Environmental Sciences
and Engineering, University of North Carolina at Chapel Hill, Chapel Hill, NC,
2TERC, Dow Chemical, Midland, MI, 3Department of Biochemistry, Vanderbilt
University School of Medicine, Nashville, TN and 4NHEERL, US EPA, Durham,
NC.
Vinyl Chloride (VC) is a known human and animal carcinogen that induces hepatic angiosarcomas. Other than occupational exposure and smoking, VC is also
found in Superfund sites at ppb concentrations. VC is metabolized to chloroethylene oxide by CYP450 2E1 to induce four major DNA adducts, including 7-(2-oxoethyl)guanine (7-OEG). Using a new sensitive method, we analyzed 7-OEG formation in tissue DNA from adult and weanling rats exposed to 1100 ppm
[13C2]-VC for 5 days. After the neutral thermal hydrolysis of sample DNA, 7-OEG
was derivatized with O-t-butylhydroxylamine and analyzed by LC-MS/MS. The
limit of detection was 1 fmol and the limit of quantitation was 1.5 fmol on column.
By using stable isotope VC, we discerned VC-induced, exogenous (exo) 7-OEG
from endogenous (endo) 7-OEG for the first time. The number of endo 7-OEG in
tissue DNA from adult and weanling rats was 0.1-1.0 adducts/105 guanine
(add/105G). The number of exo 7-OEG in liver DNA of exposed adult rats was
10.4±2.3 add/105G (n=4) with other tissues ranging from 0.1-3.9 add/105G (n=4).
While adult and weanling rats displayed similar endo 7-OEG concentrations, exo
7-OEG concentrations were higher in weanlings with liver averaging 30 add/105G.
Studies on the persistence of [13C2]-7-OEG in adult rats sacrificed 2, 4, or 8 wks
post exposure to [13C2]-VC determined the half-life of 7-OEG in liver and lung to
be 4 days. We hypothesized that [13C2]-7-OEG would form from lipid peroxidation and tested this by reacting calf thymus DNA with [13C18]-ethyl linoleate under
peroxidizing conditions and demonstrating that it was readily formed. Our additional finding that endo 7-OEG is present in amounts similar to 8-OHdG in unexposed rat tissue further emphasizes the importance of understanding the role of
endogenous DNA damage in disease.
Abstract does not represent EPA policy.

2664

ETHANOL PROMOTES HEPATOCARCINOGENESIS IN
MICE THROUGH ACTIVATION OF BETA-CATENIN.

M. Ronis1, 2, K. Mercer1, 2, R. A. Wynne1, 3, T. M. Badger1, 3, C. Chandler1 and
L. Hennings4. 1Arkansas Children’s Nutrition Center, University of Arkansas for
Medical Sciences, Little Rock, AR, 2Pharmacology & Toxicology, University of
Arkansas for Medical Sciences, Little Rock, AR, 3Physiology & Biophysics, University
of Arkansas for Medical Sciences, Little Rock, AR and 4Pathology, University of
Arkansas for Medical Sciences, Little Rock, AR.
Alcohol abuse is a major cause of hepatocellular carcinoma (HCC). However, the
underlying mechanisms are complex. We developed a mouse model of tumor promotion in which EtOH feeding began 47 d post-injection with the liver carcinogen
diethylnitrosamine (DEN), thus eliminating the confounding effect of EtOH-induced nitrosamine activation via CYP2E1. After 16 wk of EtOH at 28% calories,
we observed a 2 to 4-fold increase in multiplicity, total number of foci and adenomas per mouse (p<0.05), in livers from EtOH/DEN group vs. pair-fed/DEN and
chow/DEN control groups. In addition, we also observed a 4-fold increase in hepatocyte proliferation in nontumor liver sections from EtOH/DEN mice compared
to pair-fed/DEN controls as measured by staining of Proliferating Cell Nuclear
Antigen (PCNA) (p<0.05). We also observed an increase in cytoplasmic staining of
active-beta-catenin in nontumor liver sections of EtOH/DEN mice vs. pairfed/DEN controls. Using a rat total enteral nutrition model, we have previously
demonstrated that rats receiving 36% of daily calories from EtOH for 42—150
days also have increased hepatocyte proliferation as measured by PCNA. Although
expression between EtOH-treated animals was variable, increased beta-catenin and
p-GSK-3beta expression was observed compared isocalorically-fed controls
(p<0.05). In addition, 2-fold increases in RNA expression of Ki67, a well known established marker for cell proliferation and of cyclin D1, a downstream target of
beta-catenin were observed. Taken together, these data suggest that EtOH induces

hepatocyte proliferation in liver through activation of beta-catenin, which is a possible mechanism by which EtOH also promotes hepatocarcinogenesis following an
initiating insult. Supported in part by R01 AA18282 (M.J.R.).

2667

EVALUATION OF DIURON’S MODE OF ACTION: IN
VIVO AND IN VITRO APPROACHES.

M. S. Da Rocha1, 2, L. Arnold1, K. Pennington1, M. M. Anwar1, M. Battalora3,
J. V. De Camargo2 and S. M. Cohen1. 1Pathology, UNMC, Omaha, NE,
2Pathology, UNESP, Botucatu, São Paulo, Brazil and 3DuPont Crop Protection,
Newark, DE.

2665

DISRUPTION OF AUTOPHAGY PRODUCES
REVERSIBLE EVENTS IN THE MALIGNANT
TRANSFORMED HUMAN UROTHELIUM-DERIVED
CELL LINE UROTSA.

F. Zhao, S. M. Wnek, A. J. Gandolfi and W. T. Klimecki. Pharmacology and
Toxicology, University of Arizona, Tucson, AZ.
Chronic exposure to environmental arsenic has been shown to cause many different
types of cancers, including bladder cancer. An immortalized human urothelial cell
line, UROtsa has been widely used as a model of arsenic-induced bladder cancer.
UROtsa cells have been malignantly transformed by chronic exposure to low concentrations of arsenic(III) to produce malignant UROtsa cell lines. Autophagy is a
cellular degradation pathway that recycles damaged and superfluous proteins and
organelles. Recent evidence suggests that autophagy may be a survival mechanism
in malignant tumor cell growth. This led us to hypothesize that malignant UROtsa
cells could have a higher autophagy rate than the parent UROtsa cells, and that inhibiting autophagy could reduce malignant potential in UROtsa cells. Using
Western immunoblots, we found the malignant UROtsa cells have higher steadystate LC3II protein levels and correspondingly lower p62 protein levels compared
to the parent UROtsa cells. When we blocked autophagic flux with 100nM of
bafilomycin A1 (Baf-A1) in a 3-hour time course and measured LC3II protein levels we observed that malignant UROtsa cells have greater autophagic flux compared
to parent UROtsa cells, suggesting a higher rate of autophagic turnover in the malignant UROtsa cells. Associated with this, the malignant UROtsa cells demonstrated a 50% increase in LysoTracker Red fluorescent levels measured by flow cytometry indicating more autophagic structures in the malignant UROtsa cells.
Exposure of the malignant UROtsa cells to autophagy inhibitors (3-mythyladenine
(3-MA) or Baf-A1) resulted in significant inhibition of colony formation in soft
agar, a key phenotype of arsenic-induced malignant transformation. Exposure to 1
mM 3-MA reduced soft agar colony formation of malignant UROtsa cells by
60.5%. Our data supports a potential role of altered autophagy in the malignant
phenotype induced by chronic exposure to inorganic arsenic(III) in bladder epithelial cells.

2666

EVALUATION OF THE UROTHELIAL CYTOTOXICITY
OF PULEGONE.

P. Dodmane1, M. S. Da Rocha1, L. L. Arnold1, K. L. Pennington1, M. M.
Anwar1, B. R. Adams3, S. V. Taylor2, T. Adams2 and S. M. Cohen1. 1Pathology
and Microbiology, University of Nebraska Medical Center, Omaha, NE, 2Flavor and
Extract Manufacturers Association, Washington, DC and 3Biochemistry, Virginia
Commonwealth University, Richmond, VA.
Essential oils, from mint plants including peppermint and pennyroyal oils, are used
at low levels (<20 ppm) as flavoring agents in various foods and beverages. At high
levels (>5 g) pennyroyal oil poisoning can cause adverse health effects including
death. Pulegone, a monoterpene ketone, is a major component of these oils. A
major metabolite menthofuran, is implicated in its toxicity. In a 2-year bioassay,
oral administration of pulegone slightly increased the urothelial tumor incidence in
female rats. We hypothesized that pulegone causes urothelial cytotoxicity and increases urothelial cell proliferation, ultimately leading to tumors. We administered
pulegone by oral gavage at 0, 75 or 150 mg/kg body weight to female rats for 4
weeks. Fresh void urine was analyzed for the presence of abnormal crystals. Urinary
bladders were evaluated by light and scanning electron microscopy (SEM), and the
bromodeoxyuridine (BrdU) labeling index. In vitro, pulegone and its metabolites,
menthofuran and menthone, were tested for cytotoxicity in MYP3 rat urothelial
cells by the MTT assay. Rats in the pulegone treated groups had urogenital staining
and alopecia, and alopecia around the mouth. No abnormal urinary crystals were
found by light microscopy. By SEM, bladders from the 75 and 150 mg/kg treated
rats showed necrosis and exfoliation in 2/9 and 4/10 bladders, respectively. There
was a significant increase in the BrdU labeling index in the high dose group. In
vitro, pulegone, menthofuran and menthone, had LC50s of 0.27 mM, 1.3 mM and
4.4 mM, respectively. In conclusion, pulegone administration resulted in necrosis,
exfoliation and increased cell proliferation in the rat bladder urothelium. In vitro,
pulegone was more toxic to rat urothelial cells compared to its metabolites. These
results suggest that pulegone induced urothelial effects may be due to pulegone and
its metabolites in the urine.

It has been shown that diuron is carcinogenic to the rat urinary bladder at high dietary levels. The proposed mode of action for diuron is urothelial cytotoxicity and
necrosis followed by regenerative urothelial hyperplasia. Cytotoxicity can be induced either by urinary solids or by chemical toxicity. However, diuron-induced
urothelial cytotoxicity is not due to urinary solids, so it may be chemically induced.
Diuron is extensively metabolized, and in rats, N-(3,4-dichlorophenyl) urea
(DCPU) and 4,5-dichloro-2-hydroxyphenyl urea (2-OH-DCPU) were the predominant urinary metabolites; lesser metabolites included N-(3,4-dichlorophenyl)3-methylurea (DCPMU) and trace levels of 3,4-dicloroaniline (DCA). In humans,
DCPMU and DCPU have been found in the urine after cases of product abuse.
The aims of this study were to investigate the cytotoxic effects of diuron metabolites toward a rat urothelial cell line (MYP3) and determine the time course of diuron-induced early cytotoxic and proliferative urothelial changes in male rats. In
vitro, MYP3 cells were treated with different concentrations of DCA, DCPU and
DCPMU for 72 hrs to determinate the LC50 by the MTT assay. Results showed
the following LC50s: DCPU-185uM; DCA-213uM and DCPMU-104 uM. In
vivo, male Wistar rats were randomized into 2 treatment groups (40 /group), control and 2500 ppm diuron. Rats were treated for 1, 3, 7, or 28 days. Scanning electron microscopy (SEM) showed cell swelling beginning at day 1. By day 28, SEM
analysis detected extensive necrosis and exfoliation and piling up of cells suggestive
of hyperplasia. Although there was no increase in the bromodeoxyuridine (BrdU)
labeling index, the histopathological diagnosis of simple hyperplasia on day 28
showed that cell proliferation did occur. In summary, our results suggest that cytotoxicity followed by regenerative cell proliferation are the sequential key events that
occur during exposure to diuron and may be induced by its urinary metabolites.

2668

GAP JUNCTION ENHANCER INCREASES EFFICACY OF
CISPLATIN TO ATTENUATE MAMMARY TUMOR
GROWTH.

S. N. Shishido and T. A. Nguyen. Diagnostic Medicine/Pathobiology, Kansas State
University, Manhattan, KS.
Renal failure in cancer patients is a common problem. Cisplatin nephrotoxicity is
clearly dose-related and used to be considered dose limiting. Cisplatin treatment
has an overall 19% response rate in animal models with malignant tumors. A new
class of substituted quinolines (PQs) possesses inhibitory activities against breast
cancer cells through the enhancement of gap junctional intercellular communication. The objective of this study was to examine the effect of a combinational treatment of PQ and cisplatin in an animal model to show an increase in efficacy via the
enhancement of gap junctions. Mice were implanted with estradiol-17beta (1.7
mg/pellet) before the injection of 1 x 107 T47D breast cancer cells subcutaneously
into the inguinal region of mammary fat pad. Animals were treated intraperitoneally with DMSO (control), Cisplatin, PQ, or a combining treatment of
Cisplatin and PQ. Cisplatin alone decreased mammary tumor growth by 34%
while combinational treatment of Cisplatin and PQ showed a 60% reduction after
7 treatments at every 2 days. There was a significant increase of gap junction proteins in PQ-treated tissues compared to control or Cisplatin and evidence of highly
stained caspase 3 in tumors of combinational treatment compared to Cisplatin
alone. We have showed for the first time an increase in the efficacy of antineoplastic drugs via the enhancement of gap junctions with PQs, a specific class of gap
junction enhancers. This provides evidence for a new combinational treatment for
breast cancer using cisplatin at a reduced dose to prevent renal toxicity.

2669

MODE OF ACTION FOR THE SYNTHETIC
PYRETHROID PERMETHRIN-INDUCED MOUSE
LUNG TUMORS: EVIDENCE FOR CLARA CELL
PROLIFERATION.

T. Yamada1, M. Kondo1, K. Miyata1, S. M. Cohen2, N. Isobe1 and S.
Kawamura1. 1Environmental Health Science Laboratory, Sumitomo Chem. Co., Ltd.,
Osaka, Japan and 2University of Nebraska Medical Center, Omaha, NE.
Two-year treatment with permethrin produced benign lung tumors in female CD1 mice. Permethrin did not cause genotoxicity. To understand the mode of action
(MOA) by which the mouse lung tumors are produced, a series of studies conducted in mice examined the effects of permethrin on Clara cell proliferation and
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morphological alteration, focusing on time-course, dose-response, recovery, and
sex, strain and species differences. CrlJ:CD1(ICR) mice were fed diets containing
permethrin or isoniazid (as a reference mouse lung carcinogen) for 7 or 14 days.
Permethrin induced continuously increased Clara cell proliferation from an early
stage of treatment (within one week) in female but not in male mice. There were
strong parallels in the dose response for proliferation and the tumor appearance in
female mice. Histopathological examination by light microscopy did not reveal any
abnormalities but examination by electron microscopy revealed morphologic alterations of Clara cells in permethrin and isoniazid groups; dilatation and/or proliferation of SER (Smooth-surfaced Endoplasmic Reticulum), decreased secretory granules, increased incidence of Clara cells with blebs and Clara cells containing
elongate-type mitochondria. All of these effects recovered after cessation of the
treatment. The increased Clara cell proliferation was clearly observed in a susceptible mouse strain, but was not observed in rats. These data suggest that the MOA for
permethrin-induced mouse lung tumors involves slight toxic effects on Clara cells
resulting in stimulation of Clara cell proliferation in susceptible animals. Based on
analysis using the ILSI/IPCS MOA and human relevance framework, including
comparison with the results of isoniazid, acting by a similar MOA and being negative in epidemiology studies, it is reasonable to conclude that permethrin will not
have lung carcinogenic activity in humans.

2670

FORMALDEHYDE INDUCES CENTROSOME
AMPLIFICATION IN HUMAN LYMPHOBLASTOID TK6
CELLS.

Z. Ji, J. Bersonda, M. T. Smith and L. Zhang. School of Public Health, University
of California Berkeley, Berkeley, CA.
Formaldehyde, a primary industrial chemical and a ubiquitous environmental pollutant, has recently been classified as a human leukemogen by IARC and US
National Toxicology Program (NTP). Though the mechanisms underlying its
leukemogenesis remain elusive, DNA damage and chromosome alterations, including aneuploidy, frequently have been reported in formaldehyde treated animals and
exposed humans. The centrosome is an organelle that serves as the main microtubule organizing center as well as a regulator of cell-cycle progression. During mitosis, two centrosomes form spindle poles and direct the formation of the bipolar
spindles, which is essential for accurate chromosome segregation into daughter
cells. The presence of more than two centrosomes (centrosome amplification) severely disturbs the mitotic process and results in chromosome segregation errors.
Centrosome amplification is a common phenomenon in human cancers, including
leukemia, and is thought to play an important role in carcinogenesis. To shed light
on formaldehyde-induced leukemogenesis, we explored the induction of centrosome amplification by formaldehyde in human lymphoblastoid TK6 cells in vitro.
TK6 cells were treated with 0-200 μM formaldehyde for 24 hours. After treatment,
cells were washed and cultured in fresh medium for 24 hours and then harvested.
Centrosome amplification was examined using immunocytochemistry. We also examined the effect of two established leukemogenic chemotherapy drugs, etoposide
and melphalan, on centrosome amplification. The results showed that the centrosome amplification rates in TK6 cells exposed to formaldehyde at 150, 175, and
200 μM were significantly increased compared to the control (p<0.05, p<0.001,
and p<0.0001, respectively). Etoposide and melphalan also induced centrosome
amplification in a dose-dependent manner. In conclusion, formaldehyde induces
centrosome amplification in human cells and this may play a potential role in its
leukemogenesis.

2671

RAPID INDUCTION OF COLONIC
ADENOCARCINOMA IN MICE EXPOSED TO
BENZO(A)PYRENE AND DEXTRAN SULFATE SODIUM.

A. Hakura1, Y. Seki1, J. Sonoda1, S. Hosokawa1, T. Aoki1, A. Suganuma1, W.
D. Kerns2 and K. Tsukidate1. 1Drug Safety, Eisai Co., Ltd., Tsukuba, Ibaraki, Japan
and 2Accellient Partners LLC, Waltham, MA.
Conceptually, cancer is well-known to be a genetic disease that is influenced by
many epigenetic factors. However, mutagenic risk does not always correlate with
that of carcinogenicity. The reasons for this discrepancy are poorly understood.
Previously, we reported in a study using a transgenic mouse (MutaMouse), that the
mutation frequency was markedly increased in the colon after the oral treatment of
mice with a potent carcinogen, benzo[a]pyrene (BP); however this was not followed
by tumor development. In the present study, dextran sulfate sodium (DSS)-induced colitis was induced in mice following BP exposure. Male CD2F1 mice were
given orally BP at 125 mg/kg/day for 5 days. Ten days after the last BP treatment,
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mice were exposed to 4% DSS in the drinking water for up to 2 weeks. Mice were
examined 4 and 11 weeks after the initial treatment with BP. Multiple colonic adenomas were found in all of the mice exposed to BP and DSS both at Weeks 4 and
11. Colonic adenocarcinomas were observed in 5/8 mice at Week 4, indicating that
malignant neoplasms were produced within only 2 weeks after the initial treatment
with DSS. At Week 11, 100 % of mice had multiple adenocarcinomas. In contrast,
adenoma and adenocarcinoma were observed only in 1/8 mice treated with DSS
alone at Week 11, but no proliferative lesions were observed in other animals as well
as mice exposed to BP alone or the vehicle. These data indicate that, in this DSS
model, BP induced mutagenic events lead to tumors in the mouse colon, a tissue
which in not a BP target organ. DSS-induced inflammation in a tissue primed with
mutagenic risk is a key to the induction of tumors in this model. This BP/DSS
model produces colon tumors rapidly compared with other colon cancer models; it
is expected that this model may provide a new insight for a better understanding of
the mechanisms of colon carcinogenesis.

2672

TEMPORAL CHANGES IN GENE EXPRESSION AND
CELLULAR RESPONSES AFTER EXPOSURE TO
MENADIONE, TERT-BUTYL HYDROPEROXIDE, AND
HYDROGEN PEROXIDE IN HEPG2 CELLS.

J. Briede, L. Deferme and J. C. Kleinjans. Toxicogenomics, Maastricht University,
Maastricht, Netherlands. Sponsor: H. van Loveren.
Oxidative stress plays an important role in hepatocarcinogenesis, however, our insight in the molecular responses to different oxygen radicals is fragmentary and incomplete. Since these cellular responses will differ in time, examining time-dependent changes in gene expression and correlation with phenotypical markers may
provide new insights in responses to oxidants. Time and concentration-dependent
cytotoxicity was investigated by the MTT assay as induced by three oxidants,
menadione, tert-butyl hydroperoxide (TBH) and hydrogen peroxide (H2O2)/ferrous sulfate (FeSO4) in human hepatoma cells (HepG2). Electron spin resonance
(ESR) spectroscopy was used to identify and measure radical levels of non-cytotoxic
concentrations at different time points (30’, 2h, 24h). Superoxide radicals were
formed when cells were exposed to menadione for 2 hours. Exposure to TBH resulted in the formation of hydroxyl radicals at 30 minutes and 2 hours and lipid
peroxidation-derived methyl radicals at 30 minutes. H2O2/FeSO4 exposure resulted in hydroxyl radical formation at 30 minutes. No radical formation was detected at 24 hours exposure. Whole genome expression, apoptosis and cell cycle distribution were analyzed after exposure at 30’, 1h, 2h, 4h, 6h, 8h, 24h. Cells exposed
to menadione showed an increase in the level of apoptosis after 24 hours only, while
no apoptosis was detected in cells exposed to TBH. However, exposure to TBH affected the cell cycle after 6, 8 and 24 hours by inducing S-phase arrest. When cells
were exposed to menadione or H2O2/FeSO4 no differences in cell cycle distribution were observed. In addition, gene expression profiling by micro-array showed
similarities and differences in temporal gene expression changes, including related
phenotypic changes. These results showed that it is of importance to study time-dependent changes in gene expression and phenotypical markers in order to understand sequential cellular responses towards different forms of oxidative stress.

2673

MODE OF ACTION (MOA) AND HUMAN RELEVANCE
FRAMEWORK (HRF) ANALYSIS FOR FISCHER 344 RAT
LEYDIG CELL TUMOURS.

C. Terry1, R. J. Rasoulpour2, M. J. LeBaron2, R. G. Ellis-Hutchings2, B. B.
Gollapudi2 and R. Billington1. 1Dow AgroSciences, Abingdon, United Kingdom and
2The Dow Chemical Company, Midland, MI.
X11422208 (CAS #946578-00-3), a novel agrochemical, increased Leydig cell
tumor (LCT) size and bilateral incidence (88%) relative to controls (64%) in a
Fischer F344 Du/Crl rat carcinogenicity study. It was hypothesized that these effects represent LCT promotion via a hormone-based dopamine enhancement MoA
with the following key events: 1) increased dopamine release via nicotinic acetylcholine receptor agonism at hypothalamic median eminence dopaminergic neurons, 2) inhibition of prolactin (Prl) release by the anterior pituitary causing decreased serum Prl levels, 3) down-regulation of luteinizing hormone (LH) receptor
gene expression in Leydig cells, 4) transient decreases in serum testosterone (T), 5)
increased serum LH levels, leading to 6) promotion of Leydig cell tumorigenesis.
These key events were experimentally examined to evaluate this MoA for
X11422208’s promotion of F344 rat LCT. Direct data were generated for key
events 1-6, which were used in combination with indirect data. A weight of evidence approach was used to evaluate these data, which included data for the other

8 known potential MoAs, based upon the Bradford-Hill criteria followed by subsequent application in a HRF. This hormonally-mediated, threshold based, non-linear MoA adequately explains the promotion of F344 LCT by X11422208.
This MoA is considered not relevant to humans due to qualitative and quantitative
species differences: 1). rat, but not human, Leydig cells express functional Prl receptors (PrlRs) on their surface, and 2). rat Leydig cells contain >10-fold more LH
receptors than humans, which confers much greater sensitivity to changes in circulating LH levels. Stimulation of rat Leydig cells through PrlRs is a rat-specific
mechanism by which LCT formation can occur. Therefore, this MoA is considered
not relevant to humans and, in accordance with HRF analysis, should not be considered in the human health risk assessment.

2674

DIETARY ADMINISTRATION OF γ- AND δTOCOPHEROL INHIBITS MAMMARY
CARCINOGENESIS.

A. K. Smolarek1, 2, J. So2, A. Kong3, 5, K. Reuhl1, 5, Y. Lin4, 5, W. Shih4, 5, M.
Lee2, C. S. Yang2, 5 and N. Suh2, 5. 1Pharmacology and Toxicology, Rutgers, The
State University of New Jersey, Piscataway, NJ, 2Chemical Biology, Rutgers, The State
University of New Jersey, Piscataway, NJ, 3Pharmaceutics, Rutgers, The State
University of New Jersey, Piscataway, NJ, 4Biostatistics, School of Public Health,
University of Medicine and Dentistry of New Jersey, New Brunswick, NJ and 5The
Cancer Institute of New Jersey, New Brunswick, NJ.
Dietary intake of vitamin E has been suggested to reduce cancer risk due to its antioxidant properties. Tocopherol, a member of the vitamin E family, consists of four
forms designated as α, β, γ, and δ. Several large cancer prevention studies, which
utilized α-tocopherol, have reported no beneficial results, but recent studies have
suggested that γ- and δ-tocopherol may be more effective. Using a mammary carcinogenesis model in female Sprague Dawley rats induced with N-methyl-N-nitrosourea, the chemopreventive activities of individual tocopherols were assessed
using diets containing 0.3% α-, γ-, or δ-tocopherol. At 11 weeks, the average
tumor burden of the control group was 10.6 ± 0.8 g, whereas dietary administration of γ- and δ-tocopherol significantly decreased tumor burden to 7.1 ± 0.7 g
(p<0.01) and 7.2 ± 0.8 g (p<0.01), respectively. Tumor multiplicity was also reduced in γ- and δ-tocopherol treatment groups by 32% (p<0.005) and 42%
(p<0.0001), respectively. In contrast, α-tocopherol did not decrease tumor burden
nor multiplicity. Tocopherol supplementation increased the levels of its corresponding tocopherol and short-chain metabolites in the serum, mammary gland, and
tumor. In mammary tumors, the levels of Nrf2 were increased by tocopherol administration (δ >γ >α). Immunohistochemical analysis of mammary tumors
showed a decrease in levels of nitrotyrosine and 8-OHdG when treated with tocopherol diet, with γ- and δ-tocopherol more effective than α-tocopherol. Both γand δ-tocopherol, but not α- tocopherol, appear to be promising agents for breast
cancer prevention. (Supported by NIH R03 CA141756, ES005022, and the
Trustees Research Fellowship Program at Rutgers, The State University of New
Jersey).

2675

AEROSOL-DELIVERED AKT1 SHRNA USING
SPERMINE-BASED POLY(AMINO ESTER) SUPPRESSED
LUNG TUMORIGENESIS.

S. Hong1, Y. Kim3, A. Minai-Tehrani1, S. Park1, J. Kim1, J. Shin1, H. Kim1,
H. Jiang1 and M. Cho1, 2. 1Laboratory of Toxicology, Seoul National University,
Seoul, Republic of Korea, 2Nano Fusion Technology, Graduate School of Convergence
Science and Technology, Seoul National University, Seoul, Republic of Korea and
3Agricultural Biotechnology and Research Institute for Agriculture and Life Sciences,
Seoul National University, Seoul, Republic of Korea.
Polyethylenimine (PEI) has been widely used as a cationic polymeric gene carrier
because of high transfection efficiency, however, the use of PEI has been hindered at
the practical application because of its cytotoxicity. In this study, we study the development of poly(amino ester) (PAE) based on glycerol propoxylate triacrylate
(GPT) and spermine (SPE) as an alternative gene carrier for lung cancer therapy.
GPT-SPE copolymer was synthesized by Michael addition reaction between GPT
and SPE, and the efficacy was evaluated using shAkt1 as a model therapeutic gene.
The molecular weight and composition were characterized using gel permeability
chromatography (GPC) and (1)H-nuclear magnetic resonance ((1)H-NMR), respectively. The GPT-SPE could condense DNA with approximately 163nm size
and protect the DNA from nucleases. GPT-SPE/DNA complexes showed high
transfection efficiency with low toxicity both in vitro and in vivo. Furthermore,
aerosol delivery of GPT-SPE/Akt1 shRNA complexes significantly inhibited lung
tumorigenesis in K-rasLA1 lung cancer model mice. These results suggest that
GPT-SPE may be applied for shRNA-based lung cancer gene therapy.

Acknowledgements: This work was partly supported by the R&D Program of
MKE/KEIT (10035333, Development of anti-cancer therapeutic agent based on
regulating cell cycle or cell death) as well as by the National Research Foundation
(NRF-2011-0000380), Ministry of Education, Science and Technology (MEST) in
Korea. SHH and HLJ are recipient of Brain Korea 21 Program for Veterinary
Science of Seoul National University.
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THE COMBINATION OF RALOXIFENE AND
GEFITINIB IS SYNERGISTICALLY CYTOTOXIC
TOWARD TRIPLE NEGATIVE BREAST CANCER CELLS.

S. Taurin, M. Nimick and R. J. Rosengren. Pharmacology & Toxicology, Univeristy
of Otago, Dunedin, New Zealand.
In recent years, numerous studies have shown that the selective estrogen receptor
modulators (SERMs) tamoxifen and raloxifene reduce the risk of invasive breast
carcinoma. However, while SERMs do prevent the development of many estrogenreceptor (ER)-positive breast cancers, few studies suggest a potential effect of these
drugs in the prevention of the development of ER-negative breast cancers. Recently,
studies perform in our laboratory demonstrated that raloxifene decreased the level
of EGFR expression in triple negative xenograft tumors. Based on these results, we
hypothesized that a combination of raloxifene and a tyrosine kinase inhibitor, gefitinib may improve cytotoxicity towards triple negative breast cancers. In the present
study, we show that raloxifene (5 μM) in combination with gefitinib (6 μM) decreased MDA-MB-468 cell number by 90% and this was significantly greater than
cell death elicited by either of the single treatments. This correlated with 25% of
the cells under going apoptosis after 48 h, compared with 8 and 9 % for raloxifene
and gefitinib, respectively. Similar results were observed in MDA-MB-231 cells.
Expression and phosphorylation pattern of proteins involved in cell proliferation
such as NFκB, β-catenin, epidermal growth factor (EGFR) were also significantly
decreased by the combination treatment, compared to single treatments.
Furthermore, evidence of apoptosis activation was also observed by a 5-fold increase in the cleaved form of caspase-3, compared to single treatments. In vitro angiogenesis assays demonstrated that the combination also decreased cell migration,
endothelial cell tube formation and cell invasion. In conclusion, these results suggest that there may be a role for the combination of gefitinib and raloxifene in the
prevention of triple negative breast cancer. These results also provide us with the
basis for future studies on the mechanism involved in raloxifene-gefitinib inhibition of triple negative tumor growth.

2677

FUNCTIONAL PROFILING REVEALS THAT
MODULATION OF RAS SIGNALING ALTERS THE
TOXICITY OF HYDROQUINONE.

M. North1, J. Shuga2, M. Fromowitz2, V. J. Tandon1, R. Thomas3, A.
Loguinov1, I. Gerlovina3, K. Shannon4, A. Hubbard3, L. Zhang2, M. Smith3
and C. Vulpe1. 1Nutritional Science and Toxicology, University of California Berkeley,
Berkeley, CA, 2Environmental Health, School of Public Health, University of
California Berkeley, Berkeley, CA, 3Biostatistics, University of California Berkeley,
Berkeley, CA and 4Pediatrics, University of California San Francisco, San Francisco,
CA.
Benzene is an environmental contaminant and is widely used in industry. Exposure
to benzene causes a number of serious health problems, including blood disorders
and leukemia. Hydroquinone (HQ) is an important benzene metabolite with ubiquitous environmental presence, leading to significant population exposure. We used
a functional genomics approach to identify the genes that modulate the cellular toxicity of HQ in the model eukaryote Saccharomyces cerevisiae. This screen identified IRA2, a yeast ortholog of the human tumor suppressor gene NF1, as required
for tolerance to treatment with HQ. Mutations in NF1 cause the disease neurofibromatosis type I (NF1) and pre-dispose individuals to cancers, including
leukemia, due to increased Ras signaling; activation of Ras family members causes
increased cellular growth and differentiation. Benzene is an established human
leukemogen, but the association between Ras status and HQ toxicity has not yet
been defined. Here we show that the Ras status of cells modulates the toxicity of
HQ, indicating potential synergism between Ras signaling and benzene toxicity.
Specifically, enhanced Ras signaling causes increased HQ-related growth inhibition
in yeast, and increased HQ genotoxicity in mouse bone marrow as measured by an
in vitro erythroid micronucleus assay. Enhanced Ras signaling relative to WT also
results in increased proliferation of mouse CFU-GM bone marrow progenitor cells,
the precursors to the malignant cells that cause benzene-associated leukemia, following treatment with HQ.
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JAPANESE QUESTIONNAIRE DATA SURVEY ON
PREDICTIVITY FOR NEGATIVE TUMOR OUTCOMES
IN TWO-YEAR RAT CARCINOGENICITY STUDIES.

S. Hisada, A. Wakata, S. Sasaki, S. Sawada, S. Kudo, E. Wato, T. Kumazawa,
K. Moriyama, M. Mishima, Y. Kasahara, N. Kito, K. Inoue and K. Nakamura.
Nonclinical Evaluation Subcommittee, Drug Evaluation Committee, Japan
Pharmaceutical Manufacturers Association, Tokyo, Japan.
Based on the questionnaire data survey by the Pharmaceutical Research and
Manufacturers of America (PhRMA) on 182 pharmaceuticals for the past three
decades, it was concluded that two-year rat carcinogenicity studies of the compounds that met the NEG CARC Rat (Negative for Endocrine, Genotoxicity, and
Chronic study Associated histopathological Risk factors for Carcinogenicity in the
Rat) criteria would give no additional value to the evaluation of carcinogenicity.
The Japan Pharmaceutical Manufacturers Association (JPMA) carried out a carcinogenicity data survey using the same questionnaire as that of PhRMA, which involved pharmacological actions, drug-induced tumors in the rat and mouse, preneoplastic and proliferative/hypertrophic lesions in rat chronic studies, hormonal
actions and genotoxicity of the marketed and nonmarketed drugs developed by
JPMA companies during the past 25 years.
The analysis of 64 compounds showed that 1) negative predictivity of the NEG
CARC Rat criteria was 87.5%, whereas positive predictivity was 57.5%, 2) the estimated modes of action of the true positive compounds, which did not meet the criteria and were carcinogenic in the rat, deem to be related to enzyme induction,
chronic inflammation, hormonal actions or secondary pharmacological actions, 3)
tumors from three false negatives, which met the criteria but induced tumors in the
rat, were carcinoid by histamine H2 receptor antagonists and pheochromocytoma
in a vitamin D3 analogue.
These results suggested little value for two-year rat carcinogenicity studies of the
compounds that meet the NEG CARC Rat criteria due to the sufficient accuracy of
its negative tumor predictivity, and the toxicological significance of the tumors by
false negative compounds might become less significant considering their pharmacological actions.

2679

N-NITROSO COMPOUND EXPOSURE AND RED MEAT
INTAKE—ASSOCIATED TRANSCRIPTOMIC PROFILES
ARE INDICATIVE OF AN INCREASED RISK FOR
COLORECTAL CANCER.

D. G. Hebels1, K. M. Sveje1, M. C. de Kok1, M. H. van Herwijnen1, G. G.
Kuhnle2, L. G. Engels3, W. G. Mares3, 4, A. A. Masclee4, J. C. Kleinjans1 and T.
M. de Kok1. 1Toxicogenomics, Maastricht University, Maastricht, Netherlands, 2Food
and Nutritional Sciences, University of Reading, Reading, United Kingdom,
3Gastroenterology, Orbis Medical Center, Sittard-Geleen, Netherlands and 4Internal
Medicine, Maastricht University Medical Center, Maastricht, Netherlands. Sponsor:
H. van Loveren.
Endogenous formation of N-nitroso compounds (NOCs) could contribute to
human carcinogenesis but definitive evidence is still lacking. To investigate the relevance of NOCs in human colorectal cancer (CRC) development, we analyzed
whole genome gene expression modifications in human colon biopsies in relation
to fecal NOC exposure. Two factors that are suspected of increasing endogenous nitrosation, i.e. inflammatory bowel disease (IBD) and red meat intake, were investigated in more detail. Fecal NOC were demonstrated in the majority of subjects. By
associating gene expression levels of all subjects to fecal NOC levels, we identified a
NOC exposure-associated transcriptomic response that suggests that physiological
NOC concentrations may induce genotoxic responses and epigenetic chromatin
modifications in human colon tissue, both of which are linked to carcinogenicity.
However, fecal NOC levels were slightly but not significantly increased in IBD subjects compared to controls. Fecal water genotoxicity significantly increased in response to red meat intake and was also associated with transcriptomic modifications that are indicative of genotoxic effects, corroborating the genotoxic potential
of diets high in red meat. However, this cannot be attributed to NOC formation as
this did not increase after the red meat diet, but there are indications that an increased intake of heme protein is responsible. We conclude that NOC exposure and
red meat intake are both associated with gene expression modifications in the colon
that may reflect an increased CRC risk in humans.
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TOXICOLOGICAL IMPLICATIONS OF THE
SMOKELESS TOBACCO, GUTHKA.

M. A. Popovech1, C. Hoffman1, S. Doherty-Lyons1, J. L. Blum1, F. Gany2 and
J. T. Zelikoff1. 1Environmental Medicine, New York University School of Medicine,
Tuxedo, NY and 2Memorial Sloan Kettering, New York, NY.
Smokeless tobacco (ST) is growing in popularity due to: unsupported perception of
safety, indoor smoking bans, ability to conceal use, increased social acceptance, and
reported “positive” physiological effects, including relaxation, increased concentration, heightened alertness, and diminished hunger. Guthka, a type of ST, is particularly common amongst Southeast Asians, although the toxicological implications
have not been delineated. This murine study examines the toxicological implications of Guthka use on generalized whole body effects, with a focus on enzymatic
disturbances in the liver.
Ten-week-old B6C3F1 male mice were divided randomly into two groups and
treated for 3-wk with 50 μl of water or 50 μl of a water-soluble Guthka solution,
containing 4.89 mg of nicotine, using a novel exposure method – painting of the
oral cavity. Serum cotinine was measured weekly using an EIA kit. At sacrifice, the
tongue, esophagus, stomach, pancreas, bladder, and heart were collected, weighed,
and used to establish a histological profile. The liver was collected to examine
mRNA expression of cytochrome P450 2A5 (CYP2A5), a major homologue to the
human nicotine-metabolizing enzyme, using real-time PCR.
Mice treated with Gutkha had elevated serum cotinine levels throughout the 3-wk
exposure, while control mice tested negative for cotinine. In addition, normalized
organ weights of the liver, heart, and tongue were highly-significantly increased.
Furthermore, body weight was significantly decreased in the Guthka-treated animals. Treatment of mice with Gutkha also caused a nearly two-fold increase in hepatic expression of CYP2A5.
These findings suggest that Guhtka use is significantly associated with alterations in
body weight, organ morphology, and gene expression of a critical nicotine-metabolizing enzyme in the liver. As the use of Guthka rapidly increases worldwide, future
studies are needed to further delineate its toxicological implications. Support by
NYU Cancer Center.
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MODE OF ACTION AND LACK OF HUMAN HEALTH
RELEVANCE OF INCREASED HEPATOCELLULAR
ADENOMA IN THE FEMALE HAN WISTAR RAT
TREATED WITH ISOPYRAZAM.

R. Currie, R. M. Green, J. Wright and P. Parsons. Toxicology and Health Science,
Syngenta, Bracknell, United Kingdom. Sponsor: R. Peffer.
In a 2 year rat (Han Wistar) bioassay with Isopyrazam (IZM), a new pyrazole
broad-spectrum fungicide (FRAC class 7) dosed at 100, 500 and, 3000ppm, there
was a higher incidence of hepatocellular adenomas in females only, at 3000ppm.
This response was seen in the presence of substantial systemic toxicity (30 % decreased body weight), considered in excess of an MTD. In sub-chronic studies, hepatocellular hypertrophy, hepatomegaly and induction of cytochrome (CYP) 2B
activity were observed.
We hypothesized the MOA for IZM-induced hepatocellular tumors in female rats
required the following key events: constitutive androstane receptor (CAR) activation, CYP2B induction and increased hepatocyte proliferation in the presence of
excessive systemic toxicity, suggesting that perturbed normal homeostasis may be a
modulatory factor, increasing the likelihood of progression of the key events resulting in increased incidence of benign liver tumors.
This hypothesis was substantiated by demonstrating that all of the key events:
CYP2b induction and its associated hepatocyte hypertrophy, DNA-synthesis, mitosis and systemic toxicity only co-occur at the tumorigenic dose. We excluded genotoxicity, aryl-hydrocarbon receptor, peroxisome-proliferator activated receptoralpha, estrogen receptor, and hepatocellular damage-regeneration induced effects as
potential MOAs.
The lack of human relevance of this MOA was demonstrated by measuring the
IZM-induced changes in CYP2b activity and hepatocyte proliferation using primary cultures of female Han Wistar rat and human hepatocytes. Both CYP2B and
proliferation occurred in the rat hepatocytes, whereas human hepatocytes responded to IZM with increased CYP2b only and not with proliferation. This is
strong evidence that the rodent MOA is not plausible in humans due to a qualitative difference between rat and human proliferative responses. Thus it is reasonable
to conclude that IZM will not have any liver tumorigenic potential for humans.
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THE APPLICATION OF ORGANELLE LIPIDOMICS
COUPLED TO PROTEOMICS (LIPID-LOPIT) FOR
DETECTING EARLY CHANGES ASSOCIATED WITH
NON-GENOTOXIC CARCINOGENICITY.

R. Currie1, Z. Áment2, J. Wright1 and J. L. Griffin2. 1Syngenta, Bracknell, United
Kingdom and 2Department of Biochemistry and Cambridge Systems Biology Centre,
University of Cambridge, Cambridge, United Kingdom. Sponsor: R. Peffer.
This study reports a comprehensive analysis of the subcellular proteome and
lipidome of a hepatoma cell line (FaO) and its utility for monitoring sub-cellular
changes associated with Non-Genotoxic Carcinogens (NGCs) exemplified by
Mono(2-ethylhexyl) phthalate (MEHP).
This novel method determines the lipid distribution and protein localisation in organelles. The previously established Localisation of Organelle Proteins by Isotope
Tagging (LOPIT) technique was expanded to accommodate a lipidomic analysis
and the approach has been termed Lipid-LOPIT.
A self-generating density gradient was used to partially separate organelles into individual fractions. Fractions were selected based on their profile of proteins, measured by western blotting. Distributions were then determined by isobaric mass tagging, LC-MS and multivariate data analysis, based on proteins with known
organelle locations. This analysis of enriched organelle fractions identified numerous lipid species, whose type and concentration varied between different organelles
that could be used as subcellular markers. Following MEHP treatment, changes
were seen in the observed distribution and concentration of the lipids including
Phosphatidylethanolamine and Phosphatidylinositol throughout the gradient, supporting the hypothesis that the some of the changes in the lipid profiles (due to
NGCs) are a result of induced organelle proliferation. We have also demonstrated
that lipid homeostasis correlates with cellular proteins which suggest their role in
regulating cell physiology.
The results represent the first use of Lipid-LOPIT in any cell line, the first application of LOPIT to a hepatoma cell line (FaO) and the first practical application of
Lipid-LOPIT for determining early changes caused by a NGC.
This project is sponsored by MRC Integrative Toxicology Training Partnership in
conjunction with Syngenta.
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A. C. Huderson, M. S. Niaz, S. E. Adunyah and A. Ramesh. Biochemistry &
Cancer Biology, Meharry Medical College, Nashville, TN.
Colon cancer is the third leading cause of cancer cases & deaths in America.
Exposure to environmental toxicants such as benzo(a)pyrene (BaP) is one of the
contributing factors to sporadic colon cancer. Our studies have shown a decrease in
number and size of adenomas in the colon of mice exposed to BaP and resveratrol
(RVT), compared to BaP exposure alone. Since biotransformation is the driving
force for carcinogenesis, the objective of this study was to investigate whether RVT
exposure simultaneously or prior to BaP treatment alters BaP biotransformation
and bioavailability in ApcMin mice. The treatment consisted of BaP only administration (100 μg/kg in peanut oil) via oral gavage for 60 days (group I); BaP (100
μg/kg) co-administered with RVT (45 μg/kg in 10% ethanol + 90% deionized
water;group II); RVT administered for 1 week prior to BaP dosing (group III).
Blood, colon and liver samples were collected post exposure. The expression of BaP
biotransformation enzymes (CYP1A1, CYP1B1 and GST) in liver and colon were
assayed at the level of protein and enzyme activities. Plasma & tissue samples were
analyzed by reverse phase-HPLC for BaP metabolites. Resveratrol exposure both
prior and concurrent with BaP exposure caused a decrease in the expression and activity of CYP1A1/1B1 enzymes both in liver and colon. Additionally, our studies
revealed a decrease in total concentrations of organic (Phase I) metabolites in
plasma, liver and colon in mice that received RVT + BaP compared to mice that received BaP alone. On the other hand the aqueous (Phase II) metabolites registered
an increase in mice that received RVT + BaP compared to mice that received BaP
alone. Between the two RVT-treatment strategies, concurrent administration of
RVT appeared to impede BaP bioactivation compared to RVT treatment prior to
BaP exposure. Taken together our results suggest that RVT provides a preventive effect against BaP-induced colon cancer in ApcMinmice (supported by NIH grants
1F31ES019432-01A1 and 1R01CA142845-01A1).
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EXPOSURE TO DIETHYLDITHIOPHOSPHATE
(DEDTP), A METABOLITE OF
ORGANOPHOSPHOROUS COMPOUNDS, MODIFIES
THE DEVELOPMENT OF SKIN TUMORS IN AN
ANIMAL MODEL.

E. Estrada-Muñiz, M. Flores-Valadés and L. Vega. Toxicology, Cinvestav-IPN,
Distrito Federal, DF, Mexico.
Diethyldithiophosphate (DEDTP) is a metabolite of organophosphorous (OP)
compounds biotransformation. It has a longer half-life than the parental pesticides.
OP pesticides are widely used in agriculture and vector control. OP pesticides are
reported as immunotoxic, modifying lymphocytes maturity, subpopulation proportions, and cell activation. However, the contribution of OP pesticides metabolites
to these effects is not known. In order to determine if DEDTP can modify the immune response to an antigenic challenge in vivo we administered C57/BL6 black
male mice with 0.01 g/kg/d of DEDTP in corn oil for 5 d. Then, 2x107 Baby
Mouse Kidney cells (BMK) were injected s.c., and the development of skin tumors
was registered. Blood samples were obtained weekly, at the end of the evaluation period, animals were sacrificed, tumors were obtained, measured and frozen. Spleen
cells were obtained and cultured in RPMI and stimulated with 20 μg/ml total cell
lysate of BMK. The group exposed to DEDTP and inoculated with BMK cells developed fewer tumors than the animals only inoculated with BMK cells, although
the latter were larger. The exposure to DEDTP increased the proportion of CD4
cells, and this proportion increased with the inoculation of BMK cells. Cell proliferation assays (incorporation of tritiated thymidine; 3[H]T), showed that spleen
cells from animals exposed to DEDTP decreased 2-fold 3[H]T incorporation when
compared to controls. The same effect was observed on cells from animals exposed
to DEDTP and inoculated with BMK. Exposure to DEDTP increased levels of interleukin (IL)-6 and IL-10 in serum (determined by enzyme-linked immunosorbent assay; ELISA), after the first week of treatment and decreased the level of IL-2
in the 2nd and 4th weeks after antigenic challenge with BMK cells. These results
show that DEDTP has an immunotoxic effect and can alter the activation and
function of lymphocytes, thus, modifying the establishment and growth of tumor
cells in vivo. Funding from CONACyT, México.

RESVERATROL EXPOSURE ALTERS BENZO(A)PYRENE
METABOLIZING ENZYME EXPRESSION, ACTIVITIES
AND METABOLITE DISPOSITION IN APCMIN MOUSE
MODEL OF COLON CANCER.

VINYL ACETATE AND ACETALDEHYDE DOSERESPONSE MUTAGENICITY STUDIES AT THETK+\AND HPRT LOCUS IN HUMAN-DERIVED TK6 CELLS.

R. Budinsky1, B. Gollapudi1, R. J. Albertini2, R. Valentine3, M. Stavanja4, J.
Teeguarden6, R. Fensterheim5, A. Green6 and L. Recio7. 1The Dow Chemical
Company, Dow Center Midland, MI, 2University of Vermont, Burlington, VT,
3DuPont Haskell Global Centers for Health and Environmental Sciences, Newark,
DE, 4Celanese International Corporation, Dallas, TX, 5Vinyl Acetate Council,
Washington, DC, 6Pacific Northwest National Laboratory, Richland, WA and 7ILS,
Research Triangle Park, NC.
Vinyl acetate monomer (VAM) causes rat nasal tumors and oropharyngeal tumors
in rats and mice. The mode-of-action (MOA) is considered to be threshold in nature and dependent on carboxylesterase and aldehyde dehydrogenase activities coupled to a mitogenic and/or cytotoxicity-driven regenerative repair mechanisms, depending on the tissue. Initial studies conducted in human-derived TK6
lymphoblastoid cells, demonstrated that VAM and its metabolite, acetaldehyde
(AA), induce a nonlinear increase in micronuclei exhibiting thresholds with a significant link to cytotoxicity and apoptosis. These studies have been extended to obtain robust dose-response data on the induction of mutagenicity by VAM and AA
in TK6 cells. The mutagenic potential of VAM and AA was assessed at the heterozygous thymidine kinase (TK+/-) locus and the hypoxanthine phosphoribosyltransferase (HPRT) locus over a concentration range of 0.001 to 1.0 mM.
Mutagenicity of VAM and AA was assessed using two serum sources, equine and
fetal bovine serum, since horse serum was demonstrated to rapidly metabolize
VAM to AA. Neither VAM nor AA were mutagenic at the HPRT locus. AA and
VAM concentrations above 0.1 mM increased the mutant frequency at the TK
locus and this response occurred at concentrations inducing significant cytotoxicity; at 1.0 mM the cytotoxicity approached or exceeded 90%. The mutagenic response at the TK locus was predominantly due to slow-growth mutant phenotypes
indicative of chromosomal mutations. These results support the threshold nature of
VAM-induced mutagenicity as a key event in VAM’s MOA that reflects efficient
metabolism of VAM beyond AA and a significant dependency on cytotoxicity at
high concentrations.
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IMMUNOHISTOCHEMICAL STAINING OF
SPONTANEOUS AND CHEMICALLY-INDUCED BRAIN
TUMORS IN THE RAT.

J. Hardisty and H. Kolenda-Roberts. EPL, Inc., Durham, NC.
Historically, diagnoses of rat brain tumors have been based almost exclusively on
histological features present in hematoxylin- and eosin-stained sections due to a
lack of available ancillary techniques. Twenty-eight spontaneously-occurring glial
tumors (astrocytomas, oligodendrogliomas, gliomas), nine brain tumors from a 2year study of acrylonitrile and eleven treatment-related brain tumors from a 2-year
chronic bioassay of a second chemical were evaluated using a panel of immunohistochemistry stains (RCA-1, Iba-1, OX-6/MHCII, Olig2, GFAP, neurofilament,
PCNA). Based on staining characteristics, oligodendrogliomas were the most commonly diagnosed spontaneous tumor. Many of the spontaneous tumors previously
diagnosed as astrocytomas were intensely RCA-1 and Iba-1-positive, and the diagnosis of microglioma is proposed for these neoplasms. In addition, three mixed tumors were identified with Olig2+ (oligodendrocytes) and Iba-1+ (macrophage/microglia) cell populations. In animals treated with acrylonitrile, all nine brain tumors
were identified as microgliomas with staining properties similar to the spontaneous
tumors. Gliomas from the second chemical study were most commonly identified
as microgliomas (8/11). As compared to spontaneous neoplasms, microgliomas
from the second chemical study exhibited less intense staining with RCA-1 and increased OX-6/MHCII positivity and contained larger numbers of admixed Olig2+
and GFAP+ cells, which may indicate a difference in cellular activation or protein
expression in these tumors. While samples were only available from two chemical
studies, this may indicate that oligodendrogliomas are more common as spontaneous tumors, while chemically-induced neoplasms are more likely to be microglial/histiocytic in origin.
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ROLE OF INTESTINAL P450 ENZYMES IN THE
METABOLIC ACTIVATION OF THE COLON
CARCINOGEN AZOXYMETHANE IN MICE.

V. Megaraj, C. Fang, X. Zhou, X. Ding and Q. Zhang. Molecular Toxicology,
Wadsworth Center, New York State Department of Health, and School of Public
Health, State University of New York at Albany, Albany, NY.
Azoxymethane (AOM) is a potent colon-specific carcinogen in rodents. It undergoes sequential metabolic activation by P450 enzymes, forming the reactive
methyldiazonium ion. The latter alkylates the DNA guanine, forming adducts, of
which, O6-methylguanine (O6-MeG) is the most mutagenic and contributes to
colon tumorigenesis. The mechanistic details of the in vivo metabolic activation of
AOM remain unclear. The aim of this study was to determine whether P450 enzymes of the intestine, the target organ, contribute to AOM bioactivation in vivo.
To accomplish this aim, we compared tissue levels of O6-MeG adduct between
wild-type (WT) mice and intestinal epithelium-specific Cpr-null (IECN) mice,
which have little P450 activity in the intestine, following treatment of the mice
with AOM. We further assessed the contributions of hepatic P450 enzymes to
AOM-induced DNA damage, by comparing between liver-Cpr-null (LCN) and
WT mice. We found that, at 6 h following AOM treatment (at 14 mg/kg, s.c.), O6MeG levels were highest in liver, followed by colon, and lowest in the small intestine. While the hepatic O6-MeG levels were similar between IECN and WT mice,
a significant decrease (60%) was seen in LCN, compared to WT, mice. The loss of
intestinal P450 activities in the IECN mice was associated with significant decreases in O6-MeG levels in the small intestine and the distal colon. In contrast, the
loss of hepatic P450 activities in the LCN mice was associated with a significant increase in O6-MeG levels in the distal colon. These results indicate that hepatic
P450-mediated bioactivation of AOM is not essential for AOM-induced O6-MeG
formation in the colon; and that intestinal epithelial P450 enzymes contribute to
AOM-induced O6-MeG formation in the colon. Our findings support the hypothesis that target-tissue bioactivation of AOM by P450 enzymes in the colon plays an
important role in AOM-induced colon carcinogenesis. (Supported in part by NIH
grants CA092596 and GM082978)
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IDENTIFICATION OF COVALENT BENZO(A)PYRENE-7,
8-DIONE-DNA ADDUCTS IN HUMAN LUNG CELLS.

M. Huang, I. A. Blair and T. M. Penning. Centers of Excellence in Environmental
Toxicology and Cancer Pharmacology, Department of Pharmacology, University of
Pennsylvania, Philadelphia, PA.
Metabolic activation of the proximate carcinogen B[a]P-7,8-trans-dihydrodiol by
aldo-keto reductases (AKRs) leads to benzo[a]pyrene-7,8-dione (B[a]P-7,8-dione)
that is both electrophilic and redox-active. B[a]P-7,8-dione generates reactive oxygen species resulting in oxidative DNA damage in human lung cells. However, in-

580

SOT 2012 ANNUAL MEETING

formation on the formation of covalent B[a]P-7,8-dione-DNA adducts is lacking.
We studied covalent DNA adduct formation of B[a]P-7,8-dione in human lung
adenocarcinoma A549 cells, human bronchoalveolar H358 cells, and immortalized
human bronchial epithelial HBEC-KT cells. After treatment with 2 μM B[a]P-7,8dione, the cellular DNA was extracted from the cell pellets subjected to enzyme hydrolysis and subsequent analysis by LC-MS/MS. Several covalent DNA adducts of
B[a]P-7,8-dione were only detected in A549 and HBEC-KT cells. In A549 cells the
structures of B[a]P-7,8-dione DNA adducts were identified as hydrated N2-2’-deoxyguanosine-B[a]P-7,8-dione and hydrated N1-2’-deoxyguanosine-B[a]P-7,8dione. In HBEC-KT cells the structures of B[a]P-7,8-dione DNA adducts were
identified as hydrated 2’-deoxyadenosine-B[a]P-7,8-dione, hydrated N3-2’-deoxyadenosine-B[a]P-7,8-dione and either unhydrated N1 or N3-2’-deoxyadenosine-B[a]P-7,8-dione. In each case adduct structures were characterized by MSn
spectra. Adduct structures were also compared to those synthesized from reactions
of B[a]P-7,8-dione with either deoxyribonucleosides or salmon testis DNA but
were found to be different. (Supported by 1R01-CA39504 and P30ES-013508 to
TMP).
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METHOD DEVELOPMENT FOR BUTADIENE
TRIHYDROXYBUTYL-VALINE GLOBIN ADDUCTS
(THB-“FIRE”) USING THE “FIRE” PROCEDURE™

S. Carro, Z. Zhenfa, W. Bodnar, L. Collins and J. A. Swenberg. Environmental
Sciences and Engineering, University of North Carolina at Chapel Hill, Carrboro,
NC.
Occupationally exposed butadiene workers have been biomonitored through the
use of protein adducts as indicators of butadiene internal dose. Butadiene generates
three major reactive epoxides: 1,2-epoxy-3-butene (EB), 1,2:3,4-diepoxybutane
(DEB), and 1,2-epoxy-3,4-butanediol (EBD) which all covalently bind to hemoglobin forming the N-terminal valine protein adducts pyr-Val, Hb-Val and THBVal respectively. Immunoaffinity enrichment has been validated and used as the
method of quantitation for pyr-Val and Hb-Val in rodents and humans exposed to
1,3 butadiene. Adducts from THB-Val have earlier been measured with a modified
Edman degradation method using a Solid Phase Extraction GC-MS/MS method.
The limits of detection and quantitation reported were 200 amol of standard, 40
fmol on column, respectively, for EBD exposed rodents. A recently developed
method known as the adduct “FIRE” procedure TM has been adopted to substitute
the use of GC-MS/MS for LC-MS/MS. We propose to use the “FIRE” adduct procedure to accurately quantitate both endogenous THB-Val adducts and butadiene
specific THB-Val from 1,3-butadiene exposed rodents and human. THB-Val fluorescein thiohydantoin standards (THB-“FIRE”) have been successfully synthesized
and the initial LC-MS/MS data obtained has shown calibration curves with an R =
0.999 using pseudo SRM. The limit of quantitation is 3 fmol on column.
Preliminary results on semipreparative LC purification with the corresponding fraction THB-FIRE standards have been positively identified and confirmed by LCMS/MS. Additional work is underway to complete the validation of this new THB“FIRE” LC-MS/MS method. Our goals include quantitation of THB-Val adducts
from both occupationally exposed human and rodents, to compare species and sex
differences, to compare the results with earlier data and compare the three species
following exposures similar to our occupationally exposed workers.
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ARE CHEMICAL DISPERSANTS USED IN THE GULF
OF MEXICO CYTOTOXIC AND GENOTOXIC TO
HUMAN LUNG AND SKIN FIBROBLASTS?

J. Wise1, 2, S. S. Wise1, 2, 3, H. Xie1, 2, 3, J. Griffitt4 and J. P. Wise, Sr.1, 2, 3. 1Wise
Laboratory of Environmental and Genetic Toxicology, University of Southern Maine,
Portland, ME, 2Maine Center for Toxicology and Environmental Health, University
of Southern Maine, Portland, ME, 3Department of Applied Medical Science,
University of Southern Maine, Portland, ME and 4Department of Coastal Sciences,
University of Southern Mississippi, Ocean Springs, MS.
Chemical dispersants are chemicals compounds used to aid in the cleanup of crude
oil spills. They became a significant public health concern in 2010 due to the BP
Deepwater Horizon Oil Crisis when millions of gallons of chemical dispersants
specifically Corexit® 9527 and 9500 were used to break up the crude oil. They
were applied via aerial spray and deepwater injection. Toxicity of Corexit® to humans is unknown. The primary routes of exposure to these chemical dispersants are
inhalation, direct dermal contact and ingestion; therefore, the objective of this
study is to determine the cytotoxicity and genotoxicity of these two dispersants
(Corexit® 9500 and 9527) in human skin (BJhTERT) and lung (WTHBF-6) fibroblasts. Cells were treated with and without S9 fractions with cofactors, because
fibroblast cells do not readily express P450 enzymes necessary to metabolize the
chemicals. Corexit® 9500 was cytotoxic to skin cells. Specifically in skin, 50, 250,
350 and 500 ppm 9500 induced 95, 89, 52, and 3 percent relative survival, respec-

tively. S9-mediated metabolism increased toxicity inducing 78, 84, 39 and 2 percent relative survival, respectively. Corexit® 9527 was cytotoxic to skin cells.
Specifically in skin, 500, 650, 850 and 1000 ppm 9527 induced 89, 56, 73, and 24
percent relative survival, respectively. S9-mediated metabolism increased toxicity
inducing 65, 60, 22 and 0 percent relative survival, respectively. Ongoing and future work will consider the genotoxic effects as well as the effects of dispersed oil.
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THE IARC MONOGRAPHS VOLUME 101: 2NITROTOLUENE “PROBABLY CARCINOGENIC TO
HUMANS”

L. Benbrahim-Tallaa, R. Baan, Y. Grosse, B. Secretan-Lauby, F. El Ghissassi, V.
Bouvard, N. Guha, L. Galichet and K. Straif. IARC Monographs, IARC, Lyon
Cedex 08, France.
The IARC Monographs identify environmental factors that increase the risk of
human cancer. Recently, the carcinogenicity of 18 chemicals present in industrial
and consumer products or food was assessed (Vol. 101, In prep). One of the most
pivotal roles of mechanistic data is exemplified using 2-nitrotoluene. Occupational
exposure to 2-nitrotoluene occurs during the production of dyes, rubber chemicals,
agricultural chemicals, and explosives. In view of the limited agent-specific information from epidemiological studies, the assessment relied mainly on carcinogenicity bioassays and mechanistic information. The human relevance of the tumours reported in these studies was discussed with regard to mechanisms of
carcinogenesis—eg, genotoxicity or other effects. In a GLP feeding study, 2-nitrotoluene caused an unusually high incidence of tumours in rats, including fibrosarcomas of the skin, malignant mesotheliomas, mammary gland fibroadenomas, and
cholangiocarcinomas. In mice, unusually high incidences of carcinomas of the caecum and haemangiosarcomas were noted. The metabolism of 2-nitrotoluene results
in the formation of an electrophilic DNA-reactive compound that forms adducts in
the rodents liver. A similar pathway is likely to exist in humans. Indeed, workers exposed to a mixture of nitrotoluenes, including 2-nitrotoluene, had mutagenic urine
and increased levels of chromosome aberrations in circulating blood lymphocytes.
The adduct 2-methylaniline-haemoglobin (specific for 2-nitrotoluene exposure)
was also found in exposed workers. In rats, this biomarker correlated with
liver–DNA adducts. Moreover, mutations were found in Catnb, p53, and K-Ras in
tumours of the caecum in mice, which are common features of human colon cancer. In view of these mechanistic considerations, and of the extraordinarily early
onset and high tumour incidences reported, 2-nitrotoluene was placed in Group
2A, “probably carcinogenic to humans.” The rationale for other evaluations, eg
DEHP, will also be presented.
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CALORIC-RESTRICTION AND DIET-INDUCED
OBESITY EFFECTS IN A/J MOUSE MODEL OF NNKINDUCED LUNG CANCER.

T. Liberati1, M. Randle1, O. Arum1, M. Masternak2 and A. Bartke1. 1Southern
Illinois University School of Medicine, Springfield, IL and 2University of Central
Florida College of Medicine, Orlando, FL.
Lung cancer is a significant cause of mortality with tobacco use being the primary
risk factor. Only 10% of smokers develop lung cancer suggesting that other individual risk factors (eg gene profile, obesity) play a role. Studies suggest that inflammation contributes to the initiation of lung cancer, but the inflammatory milieu involved has not been elucidated. Obesity is recognized as a “state of chronic
inflammation” with abundant mediators in serum and adipose tissue. To investigate
if obesity and caloric-restriction alter the inflammatory profile and tumor response
of lung, we administered NNK, a tobacco carcinogen, to female A/J mice maintained from 4 to 24 weeks of age on either ad libitum 10% fat, control or 60% fat
(DIO) diets or 30% caloric-restricted (CR) on control diet. Mice received saline or
100 mg/kg NNK IP at 6 weeks of age and were euthanized at 6, 10, 16 and 24
weeks of age. Mice had a 71 (control), 67 (DIO) and 29% (CR) incidence of pulmonary adenomas at 24 weeks of age. Fasting insulin and IGF-1 levels were unaltered by NNK. Glucose and insulin tolerance differed between the diet groups but,
unexpectedly, NNK treatment resulted in greater insulin resistance in DIO mice at
16 and 24 weeks of age and in CR mice at 16 weeks of age. Glucose tolerance was
also unexpectedly increased by NNK in all groups at 16 weeks of age while decreased in control and CR mice at 24 weeks. Levels of IL-6, CXCL9 and CCL2
were increased in CR control lungs compared to DIO or control lungs while control DIO lungs had decreased levels of CXCL9, CCL2 and CXCL10 compared to
control and CR. NNK resulted in decreased lung levels of CCL2, CCL3 and
CXCL10 regardless of diet regimen while it decreased IL-6 lung levels in DIO mice
and resulted in disparate changes of CXCL1 in CR and DIO mice. Maintenance of
the A/J mouse model on different diet regimens altered the response of the lung to
the tobacco carcinogen, NNK, in regards to pulmonary adenoma incidence and
mediator levels and unexpectedly altered glucose and insulin tolerance responses.
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MODULATION OF PROSTATE CANCER CELL
PROLIFERATION BY FATTY ACIDS AND EFFECTS OF
ADIPOCYTE- CONDITIONED MEDIA.

P. O. Eser, J. T. Thompson and J. P. Vanden Heuvel. Veterinary and Biomedical
Sciences, Pennsylvania State University, University Park, PA.
Obesity in men, particularly an abundance of abdominal fat deposits, has been correlated with increased incidence and poor prognosis of prostate cancer. Fat may also
play a significant role in the therapeutic targeting of prostate cancer cells that
metastasize to bone, as the bones of older individuals are composed predominantly
of fatty tissue. Omega-3 polyunsaturated fatty acids (PUFA) are well characterized
as effective agents in cancer prevention and therapy. Previous studies show an inhibitory effect of omega-3 PUFA on PC3 prostate cancer cell proliferation.
Additionally, we now demonstrate that other fatty acids, including certain omega-6
PUFA, and both 10-trans,12-cis (10e12z) and 9-cis,11-trans (9z11e) isomers of
conjugated linolenic acid (CLA), also inhibit proliferation of PC3 prostate cancer
cells. To mimic fat cells in the body, and determine whether the presence of these
fat cells would affect the inhibitory actions of fatty acids, we used a two-step model
of media preconditioning and PC3 treatment. Culture media containing inhibitory
concentrations of fatty acids was first conditioned on 3T3-L1 adipocytes, and then
administered to PC3 cells. Here, we show that 3T3-L1 adipocytes modulate the effects of fatty acid treatment, generally rendering the fatty acids less effective in proliferative inhibition of PC3 prostate cancer cells. The lack PC3 inhibition by fatty
acids following media preconditioning on fat cells may be significant to understanding the correlation between obesity and resistance to prostate cancer therapy.
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A RAT MODEL OF COLON CANCER REVEALS ZONES
OF ENHANCEMENT OF TUMOR MULTIPLICITY BY
VITAMIN D.

A. Irving1, 2, J. Amos-Landgraf1, L. Plum1, L. Clipson1, H. DeLuca1 and W.
Dove1, 2. 1University of Wisconsin Madison, Madison, WI and 2University of
Wisconsin Madison, Molecular & Environmental Toxicology Center, Madison, WI.
Sponsor: C. Jefcoate.
Colon cancer risk varies greatly around the world, indicating an environmental
component to its pathogenesis. Epidemiological studies indicate that sunlight exposure and vitamin D are each associated with a reduced risk of colon cancer.
However, studies in humans show conflicting efficacy of vitamin D supplementation, especially in individuals already sufficient for vitamin D. We have previously
shown that supplementation with 25-hydroxyvitamin D3 [25(OH)D3] in two genetic models of familial colon cancer, the ApcMin/+ mouse and the ApcPirc/+ rat, failed
to reduce colonic tumor multiplicity in either model (Irving et al, Arch Biochem &
Biophys, in press). Notably, the daily dose of 25(OH)D3 tested in the ApcPirc/+ rat
resulted in a statistically significant increase in the multiplicity of colonic tumors.
Because vitamin D supplementation has known beneficial effects, such as in prevention of osteoporosis, it is important to determine what range of doses does not
sensitize for colon cancer. ApcPirc/+ rats were randomized to one of five doses of
25(OH)D3 (range 0.06–4.5 mg/kg body weight) or vehicle diet beginning at 33
days of age. Longitudinal endoscopic monitoring allows us to test 25(OH)D3 both
for prevention of newly arising colonic tumors and treatment of established tumors.
Serum calcium and 25(OH)D3 measurements and intestinal tumor counts are obtained at study termination. Preliminary observations from endoscopy reveals two
sensitization zones. Rats given a low or high dose of 25(OH)D3 have more colon
tumors than rats given either vehicle alone or mid-range doses of 25(OH)D3. These
data indicate that individuals sufficient for vitamin D may not gain added protection against colon cancer from supplementation, and may actually increase their
risk with certain doses. Extension of these studies can be designed to predict safe
ranges of vitamin D supplementation for health reasons other than the risk of colon
cancer.
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DETERMINATION OF MODULATORS OF LOW-DOSE
FORMALDEHYDE TOXICITY BY FUNCTIONAL
TOXICOGENOMIC SCREENING IN YEAST.

M. North1, C. Romero1, 2, A. Loguinov1, M. T. Smith2, L. Zhang2 and C.
Vulpe1. 1Nutritional Science and Toxicology, University of California Berkeley,
Berkeley, CA and 2Environmental Health, School of Public Health, University of
California Berkeley, Berkeley, CA.
Formaldehyde is a widely used, economically important chemical. There is extensive occupational and environmental exposure to formaldehyde all over the world,
as it is released from household products, and is associated with nasopharyngeal,
sinonasal and lymphohematopoietic cancer – specifically myeloid leukemia. At
present the mechanistic basis of the carcinogenicity of formaldehyde is unclear. We
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have used a functional toxicogenomics approach to identify the genes that modulate the cellular toxicity of formaldehyde in the model eukaryote Saccharomyces
cerevisiae. S. cerevisiae has many tools available for genetic study, including a complete set of non-essential gene deletions, genetically tagged so that individual strains
can be identified in competitive growth experiments. Using this set, parallel systematic analysis can be completed to identify mutant strains that are susceptible to
toxicant treatments. We have used this technique to determine the cellular
processes targeted by formaldehyde. Data show that several proteins involved in
mRNA processing, specifically the Ski complex and associated factors, are required
for formaldehyde tolerance. Mutant strains deficient in the repair of DNA damage
through multiple pathways were identified as having increased sensitivity, indicating that formaldehyde causes DNA damage at doses equivalent to endogenous levels of formaldehyde in human tissue. Several of the tolerance genes identified have
human orthologs with conserved biological function, supporting the notion that
the mechanisms of toxicity identified in yeast could be relevant to human diseases
caused by formaldehyde. This study highlights S. cerevisiae as a simple but valuable
model for mechanistic studies of toxicity, and for identifying biomarkers of genetic
susceptibility to toxicant-related disease.

2696

COMPARISON OF TAMOXIFEN (TAM)-DNA ADDUCT
LEVELS IN UTERINE TISSUE FROM DIFFERENT
SPECIES OF MONKEYS AND HUMANS EXPOSED TO
TAM.

E. Hernandez Ramon1, N. A. Sandoval1, M. Cline2, C. E. Wood2, R. A.
Woodward3 and M. C. Poirier1. 1National Cancer Institute, NIH, Bethesda, MD,
2Department of Pathology, Wake Forest University School of Medicine, Wake Forest,
NC and 3NICHD, NIH, Poolesville, MD.
Tamoxifen (TAM) is a selective estrogen receptor modulator used worldwide for
adjuvant therapy and chemoprevention of breast cancer. Women receiving TAM
have an increased risk of endometrial and myometrial cancer, which may be due to
genotoxicity and/or receptor-related mechanisms. Controversy has surrounded the
issue of whether or not TAM-DNA adducts form in humans, and we have examined this question in uterine tissues of aging Erythrocebus patas (patas) and Macaca
fascicularis (macaque) monkeys given oral TAM dosing, as well as in endometrial
and myometrial samples from women given TAM therapy. DNA adducts were determined by TAM-DNA chemiluminescence immunoassay (CIA) using an antiserum elicited against DNA modified with (E)-α-(deoxyguanosin-N2-yl)-tamoxifen (dG-TAM). Of 5 female patas, 2 were unexposed and 3 were given oral dosing
with 1.7 mgTAM/kg bw/day for 3 months. Macaques were either exposed for 4
months with 1.3 mg TAM/kg bw/day (n=4) or unexposed (n=6). Normal and
tumor uterine samples from women who received 20 mg/day (n=8) were analyzed
along with samples (n=8) from unexposed women. We found 35.1±11.7 adducts
/108nucleotides in the patas monkeys, 17±3.6 adducts /108nucleotides in the
macaques, and 3.2-16.5 adducts /108 nucleotides in the women. None of the tissues from unexposed monkeys or women showed evidence of TAM-DNA adduct
formation. Whatever the role played by TAM-DNA adduct formation in human
endometrial cancer, these data demonstrate that TAM-DNA adducts are formed in
monkey uterus as well as human endometrium, myometrium and endometrial
tumor.

posure, mice were sacrificed; colons were retrieved and preserved in 10% formalin
for observation for gross pathological changes. An increased prevalence of adenomas in colons of mice that ingested BaP through saturated dietary fat compared to
unsaturated fat and controls (p < .05) was recorded. Most of the polyps observed in
the colon of BaP treatment groups were adenomas with low to high-grade dysplasia. Interestingly, we observed more adenomas with high-grade dysplasia in the BaP
+ saturated fat group, and these incidences were more frequent at the 100 μg/kg
BaP dose. On the other hand, the BaP-alone and unsaturated-fat groups did not
show significant differences either in the numbers of adenomas or invasive tumors
in colon. In summary, our studies established that dietary fat, especially saturated
fat, exacerbates the development of colon tumors caused by BaP in the ApcMin
mice(funded by NIH grants 5R25GM059994-11 and 1R01CA142845-01A1).

2698

MEASUREMENT OF THE KINETICS OF REACTION OF
cis-2-BUTENE-1, 4-DIAL WITH GLUTATHIONE USING
NMR.

M. B. Phillips and L. A. Peterson. Medicinal Chemistry, University of Minnesota,
Minneapolis, MN.
Furan has been identified as a possible human carcinogen. The first step in the
bioactivation of furan is oxidation by CYP2E1 to give cis-2-butene-1,4-dial (BDA).
BDA is known to cross-link glutathione (GSH) with cellular nucleophiles such as
lysine in vivo (both the free amino acid and when incorporated into proteins).
Downstream reaction products of P450-catalyzed oxidation of furan are assumed to
be formed non-enzymatically, therefore characterizing the in vitro kinetics of the reaction of BDA with known reaction partners is expected to provide insight into the
mechanism of furan toxicity. An investigation of the kinetics of the reaction between BDA and GSH or Nα-acetyl-L-lysine (NAL) was performed to determine a)
the half life of BDA in the presence of reaction partners, b) the rates of competing
reaction pathways, and c) the structural identification of intermediates. A time
course of BDA reaction with either GSH or NAL was performed using a 700 MHz
Bruker Avance II spectrometer equipped with a proton-enhanced cryoprobe. The
peak areas of reactants, intermediates, and products were fit using kinetics software
to determine the kinetic rate constants. We found that the half life of BDA is ~3
minutes with either GSH or NAL. We also found that several intermediates were
formed in the presence of GSH that persisted for >1 hour. We failed to see evidence
for the formation of the pyrrolinone when GSH was present, indicating that GSHBDA forms preferentially. These findings are consistent with the prolonged presence of reactive intermediates other than BDA, which may cause damage at sites
distant from furan’s oxidation to BDA in the CYP2E1 active site.

2699

EXPOSURE TO NUCLEOSIDE REVERSE
TRANSCRIPTASE INHIBITORS (NRTIS) INDUCES
GENOTOXICITY PERSISTENT FOR UP TO 3 YEARS IN
ERYTHROCEBUS PATAS MONKEYS.

L. Rivera Torres1, M. Poirier1, S. Gorjifard1, Y. Liu1, R. Woodward2 and O.
Olivero1. 1National Cancer Institute, Bethesda, MD and 2NIH Animal Center,
Poolesville, MD.

2697

COMPARATIVE EFFECT OF OLIVE AND PALM OILS
ON BENZO(A)PYRENE-INDUCED COLON TUMOR
DEVELOPMENT IN APCMIN MICE.

L. D. Banks, M. S. Niaz and A. Ramesh. Biochemistry & Cancer Biology, Meharry
Medical College, Nashville, TN.
Colon cancer has been causing concern in terms of morbidity and mortality. In US
alone, around 60,000 lives/year are lost to colon cancer. Diet and environment are
implicated in the development of sporadic colon cancers. Therefore, understanding
the role of environmental toxic contaminants of diet towards the development of
colon cancers is important. One such prototypical chemical is benzo(a)pyrene
(BaP) a polycyclic aromatic hydrocarbon (PAH) compound, which is formed in red
meat cooked at high temperatures. Our studies thus far have shown the development of colon tumors in ApcMin mice orally exposed to BaP. In this study we investigated the effect of olive and palm oils (representatives of unsaturated and saturated fats, respectively) on BaP-induced colon carcinogenesis in ApcMin mice. All
mice were allowed a 7-day acclimation period prior to being randomly assigned to
a control (n = 7) or treatment group (n = 7). Treatment consisted of 50 and 100 μg
BaP/kg bw dissolved in tricaprylin (BaP-only group) or olive or palm oil administered daily to 7wk-old male ApcMin mice via oral gavage for sixty days. Post BaP ex-
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Antiretroviral NRTIs are given during pregnancy and after birth to reduce maternal-fetal HIV-1 transmission. These drugs are DNA replication chain terminators,
and induce: centrosomal amplification (CA, >2 centrosomes/nucleus), resulting in
abnormal chromosomal segregation; as well as micronuclei (MN), and MN with
whole chromosomes (MN+C). Pregnant Erythrocebus patas (patas) monkey dams
(n=2-3/group) were given human-equivalent daily doses of the NRTIs Zidovudine
(AZT) and Lamivudine (3TC), for the last half (10 wk) of gestation. At birth and 3
years of age, mesenchymal cells were cultured from bone marrow of offspring and
examined for CA, MN and MN+C. For the patas taken at birth, CA was found in
2.03 ± 0.8% and 4.50 ± 0.3% of cells from unexposed and AZT/3TC-exposed fetuses, respectively (p = 0.035). There were 1.35± 0.3% and 2.34 ± 0.4% of cells
with MN in unexposed fetuses and AZT/3TC-exposed fetuses, respectively (p =
0.153). MN+C were found in 0.21 ± 0.1% and 0.83 ± 0.1% of cells from unexposed and AZT/3TC-exposed fetuses, respectively (p = 0.009). For the patas taken
at 3 years of age, CA was found in 1.13±1.2% (n=2) and 5.29% (n=1) of cells from
unexposed and AZT/3TC-exposed patas, respectively. Unexposed and AZT/3TCexposed fetuses had 0.44 ± 0.1% and 3.11± 0.2 of cells with MN, respectively
(p=0.0017). For MN+C, unexposed and AZT/3TC-exposed fetuses had 0.19 ±
0.01% and 1.09± 0.1% of cells affected, respectively (p=0.016). Therefore, genotoxicity, including abnormal chromosomal segregation and aneuploidy, initiated by
in utero NRTI exposure, persists in patas bone marrow up to 3 years of age.

2700

ABERRANT METHYLATION AND GENETIC
POLYMORPHISMS ARE ASSOCIATED WITH
DECREASED EXPRESSIONS OF TUMOR SUPPRESSOR
GENE P15 AND P16 IN BENZENE POISONING.

C. Xing1, L. Zhang1, M. Zheng1, Z. Zou2, G. Li1, X. Liu3 and Q. Wang2.
1National Institute of Occupational Health and Poison Control, China CDC, Beijing,
China, 2Beijing Institute of Genomics, Chinese Academy of Sciences, Beijing, China
and 3Feinberg School of Medicine, Northwestern University, Chicago, IL. Sponsor: B.
Zhao.
Benzene is an important industrial chemical and a universal environmental pollutant that causes hematotoxicity and increased risk of acute myeloid
leukemia(AML). The underlying mechanism of benzene poisoning (BP; i.e. hematotoxicity), however, is poorly understood. In AML, DNA hypermethylation has
shown to be the primary mechanism that leads to the loss of expression of p15 and
p16. Recently, single-nucleotide polymorphisms (SNPs) in gene promoter region
have gained much importance because of their impact on gene expression. To explore genetic and epigenetic factors influencing the expression of p15 and p16, we
carried out a case-control study in Chinese occupational benzene poisoning patients. 20 cases of BP, 17 healthy benzene-exposed workers and 19 matched unexposed controls were recruited. Six SNPs in GpG island of p15 and p16 promoter
region were genotyped. Comparing to unexposed controls, both p15 and p16
mRNA expression levels were significantly down-regulated in BP
(p<0.00001,p<0.00001, respectively) and also in benzene-exposed workers (
p<0.01, p<0.01, respectively). Decreased expression of p15 is associated with homozygouts genotype (GG) of rs3808845, as well as an increased level of methylation at the fifth CpG site (p<0.05). For p16, the methylation level at the second
CpG site within the promoter region was significantly higher in BP compared with
unexposed control (1.5% and 0.0%, p<0.05). Furthermore, increased methylation
level at this CpG site is significantly associated with decreased expression of p16
mRNA (p<0.05). Interestingly, the second CpG site is located within the consensus
binding sequence for the deformed epidermal autoregulatory factor 1(DEAF-1).
Therefore, hypermethylation and genetic polymorphisms are likely to contribute to
the decreased expression of p16 and p15.

2701

FIN WHALE CELLS ARE MORE RESISTANT TO
HEXAVALENT CHROMIUM THAN HUMAN CELLS.

C. F. Wise1, 2, S. S. Wise1, 2, 3 and J. P. Wise, Sr.1, 2, 3. 1Wise Laboratory of
Environmental and Genetic Toxicology, University of Southern Maine, Portland, ME,
2Maine Center for Toxicology and Environmental Health, University of Southern
Maine, Portland, ME and 3Department of Applied Medical Science, University of
Southern Maine, Portland, ME.
Hexavalent chromium (Cr(VI)) is present in the marine environment and is a
known human carcinogen and skin irritant. Cr(VI) is the form of chromium that is
well absorbed through the cell membrane. It is also the most prevalent form in seawater. We compared the cytotoxicity of particulate Cr(VI) in human and fin whale
skin cells. Our data show that particulate chromium is cytotoxic to human and fin
whale cells in a concentration-dependent manner. Specifically, data show that
Cr(VI) is less cytotoxic to fin whale skin cells than human skin cells. For fin whale
cells, we found that concentrations of 0.1, 1.0, 5, 10 and 20 ug/cm2 lead chromate
induced 91, 72, 55, 40 and 38 percent relative survival, respectively. In human cells
we found that concentrations of 0.1, 0.5, 1.0, 5 and 10 ug/cm2 lead chromate induced 64, 28, 10, 0 and 0 percent relative survival, respectively. These data indicate
that fin whale skin cells are 7.2 times more resistant to Cr(VI) than human skin
cells. Further investigations will look into the genotoxic effects of hexavalent
chromium on these two species. This research is supported by The Environmental
Protection Agency’s Undergraduate Research Opportunities Fellowship (CFW),
NIEHS grant ES016893 (JPW) and Maine Center for Toxicology and
Environmental Health (JPW).

2702

ARSENIC IS CLASTOGENIC AND ANEUGENIC TO
PRIMARY HUMAN UROTHELIAL CELLS.

A. L. Holmes1, 2, 3 and J. P. Wise, Sr.1, 2, 3. 1Wise Laboratory of Environmental and
Genetic Toxicology, University of Southern Maine, Portland, ME, 2Maine Center for
Toxicology and Environmental Health, University of Southern Maine, Portland, ME
and 3Department of Applied Medical Science, University of Southern Maine,
Portland, ME.
Arsenic is a known human carcinogen, inducing cancer in multiple organ systems.
Exposure to arsenic is widespread with the general population being exposed to arsenic through both natural and anthropogenic sources. Arsenic contamination in
drinking water is major concern in areas of the United States and around the world

due to natural arsenic in the bedrock leaching into well water. Epidemiological data
indicate that chronic exposure to arsenic via drinking water increases the incidence
of bladder cancer, however, the mechanism of arsenic-induced bladder cancer remains unknown. The purpose of this study is to determine the ability of arsenic to
induce chromosome instability in primary urothelial cells. Arsenic induced a concentration-dependent increase in cytotoxicity in primary human urothelial cells
with exposure to 2.5, 5 and 10 uM arsenic for 24 h inducing 99, 82 and 53 percent
relative survival. Exposure to arsenic for 24 h also induced clastogenicity and aneuploidy. Arsenic induced damage in 22 percent of metaphases with a total of 28
damaged chromosomes and aneuploidy increased from 5 percent in the controls to
21 percent metaphases with aneuploidy in arsenic-treated cells. Future work is
aimed at determining the effects of more chronic exposures to arsenic on chromosome stability in human urothelial cells. This work is supported by NIEHS grant
ES016893 (J.P.W.).

2703

ADVANCES IN BRIDGING NONCLINICAL
CARDIOVASCULAR DATA TO THE CLINIC.

S. D. Pettit. HESI, Washington, DC.
Cardiovascular adverse events remain a significant cause of attrition during drug
development as well as postmarket. The availability of translatable animal data that
is more predictive and sensitive for clinical outcomes is essential to overcome this
public health challenge. This symposium will feature four approaches to generating
and assessing the concordance between nonclinical cardiovascular endpoints and
clinical outcomes.

2704

THE ABPI-ANIMAL MODEL FRAMEWORK:
CONCORDANCE OF DOG CARDIOVASCULAR
TELEMETRY PARAMETERS TO SINGLE ASCENDING
DOSE TRIALS IN MAN.

L. Ewart1, D. Gallagher7, T. Hammond1, D. Leishman2, N. McMahon3, W.
Suter6, J. Valentin1, H. Vargas5 and R. Wallis4. 1AstraZeneca, Macclesfield, United
Kingdom, 2Lilly, Indianapolis, IN, 3GSK, Hertfordshire, United Kingdom, 4Pfizer
Inc., Groton, CT, 5Amgen, Thousand Oaks, CA, 6Novartis, Basel, Switzerland and
7Janssen, Beerse, Belgium.
Conscious dog cardiovascular telemetry is commonly used prior to first time in
man adminstration of pharmaceuticals to fulfill ICH S7 guidelines. An understanding of the translation of this model to clinical outcome is therefore critical to
ensuring safety of volunteers and patients. A framework approach (Valentin et al.,
2009) has been developed by seven pharmaceutical companies to assesses the degree
of confidence in such preclinical animal models and in their translation to man.
The companies have shared data from 114 proprietary small molecules tested in a
conscious dog telemetry model and in a single ascending dose study in humans between the years 2001 and 2008. Five parameters (heart rate, blood presssure, PR
and QRS intervals and QTc interval) were compared. Approximately 20% of compounds had at least one cardiovascular event in phase I. On the basis that the data
consisted of true positive and true negative compounds, statistical measures of sensitivity, specificity and the model’s predictive value (positive and negative) were calculated at a range of exposure multiples between animal and man. This presentation will showcase this novel data set and will discuss important findings and
observations as well as discussing how this data will impact on decision making
within the drug discovery and development process.

2705

THE ROLE OF PKPD MODELLING IN
TRANSLATIONAL RESEARCH IN CARDIOVASCULAR
SAFETY.

V. Dubois1, A. Chain1, P. van der Graaf2, D. Leishman3, D. Gallacher4, N.
McMahon5, S. Visser6, M. Danhof1 and O. Della Pasqua1, 7. 1Pharmacology,
LACDR/TI-Pharma, Leiden, Zuid-Holland, Netherlands, 2Pharmacometrics/Global
Clinical Pharmacology, Pfizer Inc., Canterbury, United Kingdom, 3Global Safety
Pharmacology, Eli Lilly and Company, Canterbury, IN, 4Cardiovascular Safety,
Johnson&Johnson, Beerse, Belgium, 5Safety Assessment, GlaxoSmithKline, Ware,
United Kingdom, 6Nonclinical Modelling & Simulation, AstraZeneca, Södertälje,
Sweden and 7Clinical Pharmacology, Modelling & Simulation, GlaxoSmithKline,
Stockley Park, United Kingdom. Sponsor: S. Pettit.
Background: Assessment of the propensity of non-antiarrhythmic drugs in prolonging QT/QTc interval is critical for the progression of compounds into clinical
development. The objective of the current work is to demonstrate the advantages of
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a model-based approach to assess the correlation between in vitro and in vivo findings and the probability of QTc-interval prolongation in humans using a Bayesian
hierarchical model. Methods: Pharmacokinetic and pharmacodynamic (ECG) data
from experiments in hERG assay, rabbit wedges, conscious dogs, cynomolgus monkeys and clinical trials following administration of a variety of compounds were
used to describe the relationship between QT prolongation and drug exposure, taking into account inter-individual differences in pharmacokinetics and other physiological factors known to alter QTc interval[1]. Results: Preliminary results reveal
that variation in protocol procedures for in vitro experiments prevent the accurate
assessment of in vitro-in vivo correlations. On the other hand, in vivo protocols suggest clear differences in species sensitivity to QT-prolonging effects and consequently differences in the estimates of drug potency. Furthermore, the our approach enabled the estimation drug- and system-specific parameters as well as the
overall probability associated with QTc-interval prolongation ≥10msec compared
between clinical and non-clinical species. Conclusions: A model-based approach is
critical for the evaluation of cardiovascular risk and provides a framework for translation of drug-induced effects on cardiac conductivity from in vitro up to the clinic.

2706

CORRELATIONS BETWEEN NONCLINICAL AND
CLINICAL QT DATA IN FDA DATABASE.

J. Koerner. Division of Cardiovascular and Renal Products, US FDA, Silver Spring,
MD. Sponsor: S. Pettit.
Drug-induced QT interval prolongation and Torsades de Pointes remain serious
public health issues in bringing safe new pharmaceuticals to the market place.
Under the auspices of ILSI Health and Environmental Sciences Institute (HESI), a
consortium involving representatives from pharmaceutical companies, regulatory
agencies and opinion leaders from the scientific and medical research communities
has been initiated. One objective is to assess the concordance between nonclinical
repolarization assays and clinical measures of QT interval prolongation, i.e., establish a quantitative integrated risk assessment for each compound. To this end, the
consortium is conducting a retrospective analysis of nonclinical and clinical data
housed in the US Food and Drug Administration database. This presentation will
provide analysis of the concordance of data extracted from thorough clinical QT
studies and nonclinical studies submitted to support marketing approval of new
pharmaceuticals. Nonclinical studies include an in vitro ion channel assay for effects
on hERG current, action potential duration in isolated cardiac tissue, and in vivo
ECG studies. Concentration response data is compiled for each assay and compared across studies to determine concordance of nonclinical and clinical data.
Data generated from several new pharmaceuticals will be shared along with estimation of concordance at various nonclinical to clinical concentration multiples.

2707

ADVANCES IN TRANSLATIONAL BIOMARKER
APPLICATIONS TO NONCLINICAL CARDIOVASCULAR
SAFETY ASSESSMENT.

B. Berridge. GlaxoSmithKline, Research Triangle Park, NC. Sponsor: S. Pettit.
Nonclinical safety evaluation of novel pharmaceuticals is intended to identify, characterize, and project putative toxicity risks to patients. One mechanism for mitigating safety risks to patients is through the use of relevant and sensitive biomarker
strategies. Accordingly, translational biomarker characterization is an important effort within the nonclinical safety community. This presentation will provide an
overview of the varied presentations of cardiovascular toxicity in the clinical and
nonclinical settings as context for discussing existing and emerging biomarkers of
cardiovascular injury and dysfunction. Recent advances in application of cardiac
troponins, characterization of clinical imaging modalities, and novel approaches to
assessment of pro-thrombotic risk in nonclinical studies will be shared. Continuing
gaps will also be highlighted to encourage further advances in the field.

2708

EMERGING EVIDENCE FOR NOVEL
NONCHOLINERGIC MECHANISMS OF
ORGANOPHOSPHATE-INDUCED NEUROTOXICITY.

J. H. McDonough. Research Division, US Army Medical Research Institute of
Chemical Defense, Aberdeen Proving Ground, MD.
Organophosphate (OP) compounds are used as pesticides and in more potent
forms are chemical warfare nerve agents that have been used as terrorist weapons.
Low-dose, nonlethal exposures to these compounds is known to produce changes
in a number of neurobehavioral functions, to include impaired cognitive abilities
that are subtle and may be reversible. In contrast, exposure to near-lethal doses of
OP nerve agents can produce prolonged seizures that result in overt brain damage
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and long-term changes in learning, memory, and emotional behavior. With lowdose, nonlethal, exposures the relationships between the OP dose, magnitude of effects, and the impact of repeated exposures over long periods are experimental variables still under active investigation. In the case of lethal nerve agent exposure, the
role of noncholinergic factors in modulating the prolonged seizures and the need
for improved treatments to counteract these processes is another area of robust investigation. Also, new research into the time- and regional-dependent changes in
neuropathology along with the role of neuroinflammatory processes observed in
nerve agent exposed animals offers insight into the potential for neuroprotectant
treatments to prevent and/or minimize these effects. This symposium will bring together experts in each of these research areas to present their latest findings, identify
areas for future work, and stimulate discussion between researchers with these common areas of interest.

2709

PARALLEL ANIMAL AND HUMAN RESEARCH
IDENTIFY NEUROTOXIC EFFECTS OF
OCCUPATIONAL EXPOSURES TO THE
ORGANOPHOSPHORUS PESTICIDE CHLORPYRIFOS.

P. J. Lein1, K. Anger2, F. M. Farahat3, D. S. Rohlman2, T. M. Farahat3 and M.
R. Bonner4. 1University of California School of Veterinary Medicine, Davis, CA,
2Oregon Health and Science University, Portland, OR, 3Menoufia University, Shebin
El-Kom, Egypt and 4State University of New York—Buffalo, Buffalo, NY.
Organophosphorus pesticides (OPs) are the most commonly used pesticides worldwide. Human and animal studies identify neurotoxicity as the primary endpoint of
concern. We have designed parallel human and rodent studies to better define the
risks and mechanisms by which repeated low dose exposure to the OP chlorpyrifos
(CPF) induces neurotoxicity. These studies are based on Egyptian pesticide application teams who have a history of exposures to CPF. Pesticide exposures of applicator team members were assessed by measurement of blood cholinesterase (ChE) activity and levels of the CPF-specific metabolite trichloro-2-pyridinol (TCPy) in the
urine. Saliva samples were also collected for genotyping of cytochrome P450 enzymes important in CPF metabolism. These data were subsequently used to validate a human PBPK/PD model for humans. Exposure data collected in the
Egyptian pesticide application teams were used to develop a relevant CPF exposure
paradigm in a Long-Evans rat model, which was validated by confirming that blood
ChE activity and urinary TCPy levels in exposed rats approximated levels observed
in the pesticide applicators. Neurobehavioral function was assessed in humans and
rats using behavioral tests with functional parallels across species. In the rat model,
biomarkers of oxidative stress and inflammation were assessed in the brain and in
the blood and urine. While data analyses are ongoing, our preliminary findings indicate dose-related deficits in neurobehavioral function in both humans and rats
and suggest that peripheral biomarkers of oxidative stress and inflammation are predictive of changes in the brain and these are altered by CPF exposure.

2710

CHRONIC EXPOSURE TO THE NERVE AGENT VX:
PHYSIOLOGICAL, BEHAVIORAL,
HISTOPATHOLOGICAL AND NEUROCHEMICAL
STUDIES.

E. Bloch-Shilderman, S. Lazar, I. Egoz, R. Brandeis, S. Katalan, R. Sahar, I.
Rabinovitz, G. Yaacov, S. Baranes, S. Chapman, N. Allon and L. Raveh.
Pharmacology, Israel Institute for Biological Research, Ness Ziona, Israel. Sponsor: J.
McDonough.
The highly toxic nerve agent VX undergoes an incomplete decontamination and
can evaporate from surfaces long after the initial insult. As a consequence, low levels should be examined for their potential to induce functional impairments. We
evaluated VX effects in rats exposed to 22.5, 13.5 and 2.25 μg/kg/day (0.5, 0.3,
0.05 LD50/day) for one month via implanted mini osmotic pumps. The rapidly attained continuous and marked whole-blood cholinesterase inhibition following 0.3
LD50/day (~85%), partially recovered 1 week post pump removal. Under these
conditions, body weight, blood count and chemistry, water maze acquisition task,
sensitivity to the muscarinic agonist oxotremorine, peripheral benzodiazepine receptors density and brain morphology as demonstrated by routine histopathology,
remained unchanged. However, abnormal initial response in an Open Field test,
and up regulation (~3 folds) in the expression of the exocytotic protein VAMP in
hippocampal neurons was detected. Using MAP2 cytoskeletal protein immunolabeling demonstrated a decreased immunoreactivity in dendrites processes and an
increased immunoreactivity in pyramidal cells soma in the CA2 sub region of the
hippocampus, in the thalamus and in piriform cortex brain areas. GFAP labeling
for astrocytes revealed an activated astrocytes in all brain regions. These changes
could not be detected one month following termination of exposure. Our findings
indicate that following chronic exposure to VX some important processes might be

considerably impaired. Further research should be addressed towards better understanding of the potential health ramifications and in search of optimal countermeasures.

2711

SOMAN-INDUCED BRAIN DAMAGE AND
NEUROLOGICAL DEFICITS: NEUROINFLAMMATORY
DISORDERS AND CHANGES IN BRAIN METABOLISM:
CONSEQUENCES FOR THERAPY.

P. Carpentier1, G. Testylier1, F. Dhote1, K. Billon1, C. Piérard2, D. Béracochéa3,
P. Filliat1, L. Barbier1 and F. Dorandeu1. 1Département de Toxicologie et Risques
Chimiques, Institut de Recherche Biomédicale des Armées, La Tronche, France,
2Département des Environnements Opérationnels, Institut de Recherche Biomédicale
des Armées, La Tronche, France and 3Centre de Neurosciences Intégratives et
Cognitives, Universités de Bordeaux, Talence, France. Sponsor: J. McDonough.
Similar to other organophosphorus nerve agents, soman acts as an irreversible inhibitor of acetylcholinesterase (AChE) that results in a “hypercholinergic crisis”
mostly explaining the observed broad spectrum of toxic signs. Depending on the
dose, exposure can lead to hypersecretion, respiratory distress, fasciculations and
muscle paralysis, cardio-vascular dysfunction, convulsive epileptic seizures, coma
and death. In experimental settings, surviving animals can present irreversible
seizure-related brain damage (SRBD) as well as long-term neurological deficits such
as epileptogenesis and various cognitive impairments. The basic mechanisms that
underlie these phenomena are not perfectly understood. We will present recent evidence that neuroinflammation and metabolic changes may play a role. We also will
show results supporting that, at least partially, the glutamate receptor antagonist ketamine associated with atropine could reverse or prevent these damage in a mouse
model of soman-induced refractory status epilepticus.

2712

TEMPORAL, REGIONAL, AND CELLULAR
PROGRESSION OF NEUROINFLAMMATION
FOLLOWING ORGANOPHOSPHATE NERVE AGENTINDUCED STATUS EPILEPTICUS IN RATS.

E. A. Johnson and R. K. Kan. Research Division, US Army Medical Research
Institute of Chemical Defense, Aberdeen Proving Ground, MD. Sponsor: J.
McDonough.
Neuroinflammation occurs following nerve agent-induced status epilepticus (SE)
seizures and may contribute to loss of neural tissue and impaired behavioral function. Limited transcriptional and translational information on a small number of
brain-expressed inflammatory mediators has been shown following nerve agent-induced SE. The purpose of this seminar is to present our data on the regional and
temporal progression of the neuroinflammatory process following acute nerve
agent-induced SE up to 72 hours following seizure onset. The protein levels of multiple cytokines and chemokines have been quantified using bead multiplex immunoassays in damaged brain regions (i.e., piriform cortex, hippocampus and thalamus) and localized to resident brain cells using fluorescent
immunohistochemistry. Significant concentration increases have been observed in
all injured brain regions, with acute phase response (APR) cytokines and leukocyte
chemokines playing prominent roles. The potential roles of these neuroinflammatory factors in neurodegenerative progression will be discussed along with potential
interventional strategies. Increases in these potentially neurotoxic inflammatory
factors likely play an active role in the progression of nerve agent-induced SE neuropathology though their exact role does require further study.

2713

NONCHOLINERGIC MECHANISMS IN THE TOXIC
EFFECTS OF ORGANOPHOSPHATE POISONING—
ATTEMPTS TO DESIGN EFFECTIVE ANTIDOTAL
COUNTERMEASURES.

L. Raveh, E. Bloch-Shilderman and B. A. Weissman. Department of Pharmacology,
Israel Institute for Biological Research, Ness Zioan, Israel. Sponsor: J. McDonough.
Potent cholinesterases (ChE) inhibitors such as soman and sarin induce an array of
harmful effects including convulsions, cognitive dysfunctions and death. Due to
the probability of various scenarios of military or terrorist attacks involving
organophosphorous compounds, research has to be focused on finding the optimal
countermeasures. A stepwise mechanism involving a cholinergic crisis and a later
glutamatergic activation, yielded treatments consisting of an anticholinergic and an
oxime. This approach provided increased survival rates but did not abolish convul-

sions or the ensuing brain damage and cognitive dysfunction. The specific antimuscarinic drug scopolamine, given together with pyridostigmine, prophylactically
completely abolished soman-evoked convulsions. However, behavioral tests revealed significant memory impairments. Moreover, scopolamine did not prevent
the decreases in glutamate receptors densities observed following exposure. Under
the same paradigm, caramiphen, an antimuscarinic drug with distinct antiglutamatergic properties, prevented seizure activity, brain damage and behavioral
deficits. Notably, studies with benactyzine and caramiphen highlighted their superior protective effects in prophylactic and post exposure therapies. These findings
indicate a rapid activation of glutamatergic pathways accompanying the initial ChE
blockade. The data also support the notion that since excitatory amino acids play a
crucial role in neurodegeneration, partial antiglutamatergic characteristics of certain cholinolytic drugs appear to be the basis for their improved ability to prevent
the toxic effects of organophosphates.

2714

NEUROTOXICOLOGICAL EFFECTS OF EXPOSURE TO
ORGANOPHOSPHATE (OP) COMPOUNDS: THE
SIMILARITIES AND DIFFERENCES BETWEEN LOW
AND HIGH DOSES.

J. H. McDonough. Research Division, US Army Medical Research Institute of
Chemical Defense, Aberdeen Proving Ground, MD.
Organophosphate (OP) compounds are used as pesticides and in more potent
forms are chemical warfare nerve agents that have also been used as terrorist
weapons. Low dose, non-lethal, exposures to these compounds is known to produce changes in a number of neurobehavioral functions, to include impaired cognitive abilities that are subtle and may be reversible. However, the relationships between the OP dose, magnitude and duration of effects and the impact of repeated
exposures over long periods such as may occur in agricultural workers are still areas
of active investigation. Also, the long-term effects of low level exposure to nerve
agents such as occurred in the Tokyo subway sarin attacks show that these effects
may persist for many years, long following the recovery of normal cholinergic functioning. Exposure to near lethal doses of nerve agent can cause a cascade of effects
triggered by cholinergic overstimulation, but affecting other neurotransmitter systems to cause toxicities that are not cholinergically mediated. Some examples are
the role of the glutamatergic system in mediating seizures and brain damage following nerve agent exposure and the role of catecholamines in producing cardiac abnormalities. In addition, the role of inflammatory processes in both the periphery
and central nervous system to further exacerbate these toxicities, and as potential
therapeutic targets, are just now being realized. This talk will provide an overview of
current research in each of these areas to and identify areas for future work.

2715

EMERGING MECHANISTIC TARGETS IN LUNG
INJURY INDUCED BY COMBUSTION-GENERATED
PARTICLES.

M. W. Fariss1 and A. Ghio2. 1Altria Client Services, Richmond, VA and 2US EPA,
Chapel Hill, NC.
Environmental combustion-generated air pollutants are a global concern, and the
adverse effects of such materials on human health, particularly respiratory and cardiovascular health, are firmly established. Despite strong epidemiological evidence
linking ambient air pollutants to specific human diseases and general health decline, a significant gap remains in our understanding of precisely how such materials produce nonneoplastic respiratory diseases. This symposium will highlight recent advances in our understanding of the molecular and chemical mechanisms
that govern lung and lung cell toxicity by common respirable forms of complex ambient particulate materials originating from the combustion of fossil fuels, wood, or
tobacco. Presentations will describe the current understanding of nonneoplastic respiratory diseases induced by combustion-derived particulate matter (PM); the participation of transient receptor potential (TRP) channels in detecting and initiating
responses to unique forms of environmental combustion-derived PM to produce
acute lung inflammation/injury/remodeling; the role of disrupted cell and mitochondrial iron homeostasis in wood combustion-derived PM toxicity, and the isolation and chemico-physical characterization of insoluble nanosized particles from
cigarette smoke condensate including their cytotoxic potential. Attendees of this
symposium session will gain up-to-date knowledge of novel cellular processes and
PM components that appear to regulate the acute toxicological effects of particulate
air pollutants. These effector molecules may represent important targets for future
therapeutic strategies to mitigate the adverse impact of inhaled combustion-generated pollutants.
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2716

CURRENT UNDERSTANDING OF NON-NEOPLASTIC
DISEASE FOLLOWING EXPOSURE TO FOSSIL FUEL
AND BIOMASS COMBUSTION EMISSIONS.

M. I. Gilmour. Environmental Public Health Division, US-EPA, Research Triangle
Park, NC.
Incomplete combustion of fossil fuels and biomass burning are the largest sources
of air pollution worldwide which poses serious risks to human health. The complex
and dynamic aerosol mixtures from combustion are comprised of particles, semivolatile matter and gases whose makeup is governed by the source material, combustion conditions, control technologies and atmospheric aging and mixing. While
exposure to high concentrations of combustion related gases such as NOx and CO
can result in acute lung injury and poisoning, concomitant exposure to particles
have less directly debilitating effects on the respiratory system, in part because of
the lung’s effective clearance and detoxification processes. Depending on the dose
and duration of exposure, however, particulates from combustion emissions do accumulate in the lung in association with pathological changes and may also impart
effects on other organ systems to for example, worsen cardiovascular disease; alter
the immune system to increase infectious and allergic diseases; and adversely affect
in utero development. This presentation will provide an overview of the chemistry
of fossil fuel and biogenic emissions and illustrate how exposures to selected emissions may worsen particular disease processes through similar and different modes
of action (This abstract does not reflect EPA policy)

2717

DIFFERENTIAL ACTIVATION OF TRPA1, V1, AND M8
BY COMBUSTION-DERIVED PM AND PM
COMPONENTS: RELATIONSHIP TO LUNG
INFLAMMATION AND INJURY.

C. A. Reilly. Pharmacology and Toxicology, University of Utah, Salt Lake City, UT.
Transient receptor potential (TRP) calcium channels are mediators of many physiological responses elicited by environmental stimuli. TRPA1, V1, and M8 have
been identified as proximal sensors of three unique combustion-derived environmental particulate pollutants (PM): diesel exhaust PM (DEP), coal fly ash PM
(CFA), and wood smoke PM (WSP), and to mediate key elements of pneumotoxicity by these materials. TRPA1 was activated by DEP, and by specific chemical entities on DEP, via covalent modification of the TRPA1 electrophile/oxidant sensitive site. Inhibition of DEP-induced calcium flux in cultured sensory neurons by
HC-030031 confirmed TRPA1 as the major sensor of DEP, and a probable pathway for DEP-induced airway reflex responses and inflammation. TRPA1 was also
activated by mesquite and pine PM, with pine PM being more potent, via the same
mechanism. Conversely, TRPV1 and M8 were minimally activated by DEP, WSP,
and DEP- and WSP-associated TRPA1 agonists, but were activated by CFA.
TRPV1 activation occurred via direct contact between cell-surface amino acids and
the insoluble, mineral core components of CFA, which also activated TRPA1 and
the TRPA1-3CK (electrophile insensitive) mutant, suggesting common
mechanosensitive activities for TRPA1 and V1. Cell surface TRPV1 was confirmed
as the principal mediator of CFA-induced IL-6 and 8 expression by cultured
human lung bronchial epithelial cells, which lack TRPA1 and M8 expression, as
well as a key determinant of cytokine/chemokine induction in mouse lungs, where
40-60% inhibition was observed in TRPV1-/- mice. These studies partially elucidate the molecular and chemical basis for differential detection and responses to
PM in the respiratory tract and illustrate that different PM activate different cellspecific processes, supporting the idea that TRP channels may be selectively targeted to limit air pollution toxicity. Support: ES017431.

2718

ROLE OF TRPV4-MEDIATED CALCIUM INFLUX IN
DIESEL EXHAUST PARTICLE-INDUCED LUNG
TOXICIY.

W. Liedtke. Neurology and Medicine, Duke University, Durham, NC. Sponsor: M.
Fariss.
Human respiratory epithelia function such as mucociliary clearance of airways and
formation of an epithelial barrier have recently been implicated in sensory functions in response to tastants such as bitter. These epithelial cells are directly exposed
to air pollution, amongst other pollutants, particulate matter. Of these, diesel exhaust particles are a representative and well-studied component of urban smog with
world-wide relevance. This presentation will tender evidence that human respiratory epithelia also possess proteolytic signaling machinery, whereby proteinase-activated receptor-2 (PAR-2) activates Ca++-permeable TRPV4, which leads to activation of disease-enhancing Matrix-Metalloproteinase-1 (MMP-1), a signaling
cascade initiated by DEP. We also demonstrate that it is indeed the organic fraction
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of DEP which exerts this effect. Moreover, the chronic obstructive pulmonary disease (COPD) -predisposing TRPV4P19S variant enhances Ca++-influx and MMP1 transcriptional activation in response to DEP, providing mechanistic linkage between man-made air pollution and human airway disease. Importantly, we show
ciliary co-expression of PAR-2, TRPV4 and phospholipase-C beta3 in human airway epithelia by confocal microscopy. These results are complemented by protein
biochemistry which demonstrates an enhancement of protein-protein-complex formation between PAR-2, TRPV4 and PLC beta3 when cells are exposed to DEP. In
sum, DEP evoke a uniquely protracted Ca++-influx via TRPV4, enhanced by the
COPD-predisposing polymorphism, TRPV4P19S. This response reprograms maladaptive inflammatory and extracellular-matrix-remodeling processes in human
airways. The novel concept of air pollution-responsive signal transduction from
PAR-2 to TRPV4 will accelerate rationally-targeted therapies for this global health
problem.

2719

WOOD SMOKE PARTICLES SEQUESTER
MITOCHONDRIAL IRON RESULTING IN BIOLOGICAL
EFFECT.

A. Ghio. US EPA, Chapel Hill, NC.
The biological effect of particles can be associated with a disruption in cell iron
homeostasis. We have demonstrated that an initiating event in oxidative stress and
biological effect after mineral oxide particle (i.e. silica) exposure is a sequestration of
mitochondrial iron. Organic compounds can similarly complex sources of host cell
iron to disrupt iron homeostasis. We tested the postulate that complexation of cell
iron by woodsmoke particle (WSP) results in a biological effect. Exposures of respiratory epithelial (BEAS-2B) cells to 1) HBSS, 2) 100 μg/mL WSP, 3) 200 μM ferric ammonium citrate (FAC), and 4) both 100 μg/mL WSP and 200 μM FAC
demonstrated significant elevations in cell iron concentration after co-exposures
relative to incubations with FAC alone (0.71±0.06 and 0.38±0.03 ppm respectively). Co-incubation was associated with an increased cell import of metal.
Complexation of mitochondrial iron was studied using 75 cm2 flasks of BEAS-2B
cells pre-exposed to 1.0 μM 57Fe FAC and ICP mass spectroscopy. Incubation
with 100 μg/mL WSP resulted in diminished mitochondrial 57Fe concentrations
in the particle-exposed BEAS-2B cells (0.19±0.03 and 0.29±0.04 ppm in WSP and
HBBS exposed cells respectively) as the WSP complexed host metal from the organelle. Pre-incubation of respiratory epithelial cells with 200 μM FAC increased
nuclear and mitochondrial metal concentrations and prevented significant iron loss
from mitochondria exposed to WSP. Finally, exposure of BEAS-2B cells to 100
μg/mL WSP increased interleukin (IL)-8 release relative to incubations with HBSS
(78±16 and 23±10 pg/mL) and this elevation was inhibited by 4 hr pre-treatment
with 200 μM FAC (31±11 and 66±15 after pre-treatments with FAC and HBSS
respectively). We conclude that biological response following exposure to WSP is
associated with complexation of host mitochondrial iron; increasing available iron
in the cell diminished the biological response to the particle. An initiating event in
the cell response to a particle appears to be a complexation of requisite iron by the
particle surface.

2720

CYTOTOXIC INSOLUBLE NANO-SIZED PARTICLES IN
REFERENCE CIGARETTE SMOKE CONDENSATE.

M. W. Fariss. Altria Client Services, Richmond, VA.
Particulate matter (PM) originating from the combustion of fossil fuels, wood or
tobacco appears to play a critical role in lung injury. However, the importance of
the physical and chemical properties of PM in the development of respiratory diseases is not clearly understood. PM from diesel exhaust and wood smoke shows aggregates of spherical nano-sized particles consisting of insoluble elemental carbon as
well as soluble organic carbon. By contrast, cigarette smoke contains aerosol particles consisting predominately of soluble organic carbon while insoluble particles
have yet to be identified. Recently, we successfully isolated insoluble material from
reference cigarette (2R4F) smoke condensate (TPM, total particulate matter) and
characterized this material for its chemical, physical and cytotoxic properties. 5.62
± 0.32 mg of purified insoluble material were isolated from TPM collected from
180 2R4F cigarettes using a menthol/heptane extraction procedure. The weight
ratio of insoluble material isolated/TPM produced was 0.25%. This ratio remained
constant under a variety of different smoking parameters (# cigarettes smoked, puff
intensity, % ventilation). Physical characteristics of the insoluble material were assessed by TEM and these analyses showed spherical amorphous particles with an
average diameter of 34 nm. Using elemental analysis, FTIR spectroscopy and EPR
spectroscopy, the chemical composition of these purified insoluble particles closely
resembled humic acid-like substances (HULIS). Exposure of human BEAS-2b cell
cultures to these insoluble particles for 3 to 24h resulted in greater cytotoxicity than
observed for similar concentrations of TPM or carbon black (90 nm). In conclusion, we have isolated and purified insoluble nano-sized spherical particles from ref-

erence cigarette smoke condensate. These particles have chemical properties similar
to those reported for HULIS, possess stable carbon centered radicals and are cytotoxic in vitro. Additional studies are required to confirm the presence of these insoluble nano-sized particles in cigarette smoke as well as their potential role in respiratory diseases.

2721

REALIZING THE VISION OF 21ST CENTURY TOXICITY
TESTING: GENETIC APPROACHES TO PATHWAY
ANALYSIS.

C. Corton and L. Burgoon. US EPA, Research Triangle Park, NC.
The US National Academy of Science (NAS) report, “Toxicity Testing in the 21st
Century,” outlined a vision that virtually all routine toxicity testing would be conducted in human cell lines by evaluating cellular responses of toxicity pathway assays using high-throughput tests. Dose-response modeling of perturbations of pathway function would be organized around computational systems biology models of
the circuitry underlying each toxicity pathway. Although there is a growing consensus that this vision will one day become reality, the difficult task of linking changes
in the expression or modification of components in pathways to toxicity have yet to
be fully realized. There is a clear need to better incorporate new and existing genetic
tools that can be routinely used by toxicologists allowing relationships between
chemical exposure, genetic networks, and phenotypic responses to be better understood. This symposium brings together experts to discuss genetic analysis of pathways that can be generally applied to toxicology and as such will help move us toward realizing the vision of the NAS report. This important topic will begin with a
discussion on global approaches to discover genetic targets of disease, drugs, and
environmental chemicals by coupling transcript profiling with GWAS. To expand
on this information, widely applicable high-throughput approaches to identify
gene, pathway, and phenotypic relationships using small inhibitor RNA arrays will
be addressed. Final discussions will discuss genetic approaches in vertebrates to discover biomarkers of pathways and gene-chemical interactions applicable to predicting mode of action of cancer and developmental toxicity. The summary provided
will bring together the salient findings in the previous talks to highlight bioinformatic NextGen risk assessment approaches that can assist the toxicologist to enable
linkages of chemicals, genes/ pathways, and diseases in chemical risk assessment.
This topic will appeal to a wide audience interested in the promising approaches for
the analysis and use of pathway perturbations in toxicity testing.

2722

A REVERSE ENGINEERING APPROACH TO
CONSTRUCTING NETWORKS OF CHEMICAL
RESPONSE.

E. Schadt. Pacific Biosciences, Menlo Park, CA. Sponsor: C. Corton.
The molecular biology revolution led to an intense focus on the study of interactions between DNA, RNA and protein biosynthesis in order to develop a more
comprehensive understanding of the components of the cell. One consequence of
this focus was a reduced attention to whole-system physiology, making it difficult
to link molecular biology to disease. Equipped with the tools emerging from the genomics revolution, we are now in a position to link molecular states to physiological ones through the reverse engineering of molecular networks that sense DNA
and environmental perturbations and, as a result, drive variations in physiological
states associated with disease. This talk will focus on reverse engineering approaches
that incorporate information from genome-wide association studies as well as genomics and proteomics data to build realistic models in which constellations of genetic and environmental perturbations affect the molecular states of networks that
in turn affect disease risk.

2723

EXPANDING THE SCOPE OF LOSS-OF-FUNCTION
GENOMIC SCREENING WITH RNAI CELL
MICROARRAYS.

J. Rantala. Oregon Health and Science University, Portland, OR. Sponsor: C.
Corton.
High-throughput screening of cellular effects of RNA interference (RNAi) libraries
is now being increasingly applied to explore the role of genes and signaling pathways in specific cell biological processes and disease states. However, the technology
is still limited to specialty laboratories and assay types, due to restrictions of the traditional multiwell-based screening platforms. In the future, alternative screening
platforms will be required to expand functional large-scale experiments into combinatorial loss-of-function analyses (e.g. gene-condition or gene-drug interaction),
multiparametric targeted readouts or analysis of many different cell types, most im-

portantly primary cells. Such comprehensive perturbation of gene networks and
cell types will require a major increase in the flexibility of the screening platforms,
throughput and reduction of costs. We have developed a novel cell spot microarray
(CSMA) method for production of high density siRNA reverse transfection arrays.
The CSMA platform is distinguished from the other RNAi microarray techniques
by its broad applicability and the high sample density that allows rapid query of
gene functions with assays otherwise difficult or not applicable to high-throughput
screening. This feature of the platform will be demonstrated with a comparative
phenotypic analysis of DNA damage response activation and cell survival in human
cells from six different tissues of origin following exposure to UV-irradiation.
Knockdown impact of 690 genes directly associated with DNA repair mechanisms
was compared to build a functional compendium of the early DNA damage response pathways.

2724

USE OF PREDICTIVE MARKERS OF CANCER MODE
OF ACTION THROUGH INTEGRATION OF GENETICS
AND GENOMICS.

C. Corton. EPA, Research Triangle Park, NC.
Many drugs and environmentally-relevant chemicals activate xenobiotic-responsive
transcription factors. Identification of target genes of these factors would be useful
in predicting pathway activation in in vitro chemical screening and in assessment of
their involvement in disease states. Starting with a large compendium of Affymetrix
files (>2000 cel files and >530 comparisons), we developed a genetic and genomic
strategy to identify sets of signature genes that are dependent on xenobiotic-responsive transcription factors (TF) including AhR, CAR, FXR, glucocorticoid receptor
(GR), Nrf2, PPARalpha, and PXR. Target genes were identified by comparing the
profiles after exposure to activators of a TF in wild-type and TF-null mice. We also
used the mouse liver compendium to identify sets of genes associated with phenomenon linked to liver toxicity/cancer including feminization/masculinization,
hypoxia, inflammation and cytotoxicity. Validation of the identified genes was carried out by characterization of the expression of the signature genes under independent conditions of chemical exposure or perturbation known to alter the TF.
Our approach allows us to determine either the activation or repression of the TF.
By using the sets of signature genes to query the compendium, a number of novel
observations were made. 1) Nrf2 is activated by a large number of conditions including chemical exposure, gene mutations, and bacterial infections. 2) PPARalpha
is activated in a number of nullizygous mouse models that exhibit liver toxicity and
may be dependent on steatosis. 3) GR is activated by a number of conditions including caloric restriction and systemic damage outside the liver. 4) Feminization of
male-specific signature genes occurred after castration, in GH-defective dwarf mice,
bacterial infections and exposure to some chemicals. Our approach allows for creation of new gene signatures associated with other pathways or phenomenon in the
mouse liver that can be tested using the compendium. We are presently using the
signature sets to predict pathway activation after chemical exposure in primary hepatocytes.

2725

RAPID IN VIVO ASSESSMENT OF CHEMICAL-GENE
INTERACTIONS IN EMBRYONIC ZEBRAFISH.

R. L. Tanguay, M. T. Simonich, L. Truong and D. Mandrell. Oregon State
University, Corvallis, OR.
At the foundation of the US National Academy of Sciences report, “Toxicity
Testing in the 21st Century” is the goal to quantify the relationships between early
molecular responses, following chemical exposure, to later toxicity. Once these relationships are defined, we will be in a stronger position to develop predictive in vitro
approaches for risk assessment. A significant current challenge is that we lack sufficient whole animal phenotypic response data that is also coupled with early molecular response data. We propose that rapid whole animal toxicity testing is necessary
to provide critical phenotypic anchoring to help identify the pathway perturbations
that are necessary to produce whole animal toxicity. Developmental life stages are
particularly susceptible to chemical perturbations because this dynamic period requires the full repertoire of molecular signaling to complete embryogenesis.
Development, therefore, may be an ideal stage to identify chemical hazards and the
toxicity pathways that are necessary to elicit toxic responses. The zebrafish embryo
in particular has emerged as the vertebrate of choice for rapid throughput chemical
screening and molecular pathway analysis. In this presentation we will illustrate the
physiologic parameters of the zebrafish that are amenable to rapid throughput
screening. We will provide the challenges and demonstrate successes in automating
the dynamic embryonic screening to increase screening throughput. We will provide examples from optimized rapid throughput chemical screening and in the
identification of the gene expression changes that occur following exposure. Finally,
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the true strength of using the embryonic zebrafish model is the ability to rapidly define the functional role of a gene product in producing toxicity by exploiting powerful genetic and transgenic approaches. This research was supported by NIH ES
ES019764, P42 ES016465, and P30 ES00210.

2726

MASHING THE DISEASEOME, TOXICOGENOMICS,
AND FROZEN PIZZAS: NETWORK SYSTEMS BIOLOGY
AND ITS IMPACTS ON NEXGEN RISK ASSESSMENTS.

L. Burgoon. EPA, Research Triangle Park, NC.
One of the key hazard identification questions we face as we move towards the Next
Generation of Risk Assessment (NexGen) is how to integrate the relevant molecular (including omics data), biochemical, and high throughput assay data, convert it
to systems and pathway knowledge, predict disease outcomes, and derive quantitative risk values. Under the hypothesis that a disease caused by any stressor will elicit
the same biomarkers, we can use known and putative biomarkers linked to disease
to predict potential disease outcomes from chemical exposures. Generally, the next
step is to look for overlap between the disease and chemical datasets; however, the
problem is more complex than that, as sets of agglomerative biomarkers may be associated with multiple diseases at varying probabilities, and individual experiments
may lack the power or ability to detect all of the biomarkers. Using our network
topology based community-finding algorithms, frequent “itemset” mining methods commonly used in grocery store data mining, and Bayesian networks, we have
created a novel framework for mashing disease biomarkers with chemical exposure
biomarkers to create probabilistic predictions of chemical exposure-disease outcomes. This talk will focus on the algorithms and the probabilistic disease predictions we have made for 2,3,7,8-tetrachlorodibenzo-p-dioxin and selected phthalates. This approach to disease outcome prediction will become more important as
we begin to graduate chemicals from our high throughput screening and prioritization assays to classical and alternative species models allowing for a better understanding of chemical hazards as part of the NexGen Risk Assessment process.

2727

CHALLENGES AND OPPORTUNITIES IN EVALUATING
PROTEIN ALLERGENICITY ACROSS
BIOTECHNOLOGY INDUSTRIES.

N. J. Stagg1, G. Ladics2, K. Hastings3, R. House4 and S. Gendel5. 1Human
Health Assessment, Dow AgroSciences, Indianapolis, IN, 2DuPont Agricultural
Biotechnology, DuPont, Wilmington, DE, 3Corporate Regulatory Affairs, sanofiaventis, Bethesda, MD, 4DynPort Vaccine Company LLC, Frederick, MD and
5Center for Food Safety and Applied Nutrition, US FDA, College Park, MD.
Biotechnology is a field at the cutting-edge of science, using living cells and materials produced by cells to prevent and fight disease, improve food production, and
benefit other industries as well, but there are increasing concerns over the allergenicity of biotechnology products that continue to receive increasing attention in
public and regulatory domains. These concerns range from the transfer of an existing allergen or cross-reactive protein into another crop or increasing endogenous
(existing) allergens in crops to accidental modification of therapeutic proteins resulting in autoimmune reactions to endogenous molecules. This session will provide important information on allergenicity testing requirements and research in
the agricultural chemical/biotech sector, pharmaceutical/biopharma sector, and
vaccine sector and includes speakers from industry and regulatory. An anticipated
outcome is discussion over why allergenicity is a concern, what tools are available to
evaluate allergenicity in the different areas of biotechnology, and any challenges we
face with this testing.

2728

EXISTING AND EMERGING METHODS AND
TECHNIQUES FOR ASSESSING ALLERGENICITY OF
GENETICALLY MODIFIED CROPS.

G. Ladics. Dupont Agricultural Biotechnology, DuPont, Wilmington, DE.
A rigorous safety assessment process exists for genetically modified (GM) crops derived through Agricultural Biotechnology. It includes evaluation of the introduced
protein as well as the crop containing such protein with the goal of demonstrating
the GM crop is ‘‘as-safe-as” non-GM crops already in the food supply. A major issue
for GM crops is the assessment of the expressed protein for allergenic potential. The
objectives for assessing the potential allergenicity of GM crops are: (1) protect allergic consumers from accidental exposure to allergens or cross-reactive proteins that
may trigger an adverse reaction in those already allergic to such proteins and (2)
protect the general population from risks associated with the introduction of genes
encoding proteins that may become food allergens. Currently, no single factor is
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recognized as an identifier for protein allergenicity. Therefore, a weight-of-evidence
(WOE) approach is conducted (Codex Alimentarious Commission, 2009). This assessment is based on what is known about protein allergens, including the history
of exposure and safety of the gene(s) source; structure (e.g., amino acid sequence to
human allergens); stability to pepsin digestion in vitro; an estimate of exposure of
the novel protein(s) to the gastrointestinal tract where absorption occurs (e.g., protein abundance in the crop, processing effects); and where appropriate, specific IgE
binding studies or skin prick testing. The current Codex recommendations recognize the limitations of the specific methods used as part of the WOE approach and
have encouraged that all suggested methods be scientifically supportable and additional work be done to clarify uncertainties associated with the methods. As a consequence, various laboratories have been generating data and evaluating methods
with the goal of providing improved analytical and predictive tools for assessing
protein allergenicity. This presentation will review and discuss existing and emerging methods and techniques for improving the current WOE approach for evaluating the potential allergenicity of novel proteins.

2729

EVALUATING THE POTENTIAL ALLERGENICITY OF
VACCINES.

R. House. DynPort Vaccine Company LLC, Frederick, MD.
Probably more than any other medical product, vaccines face a high standard of
safety testing; this is due to their often large-scale use in otherwise healthy individuals, including special populations such as children. Vaccines go through extensive
safety testing both before and during human testing, particularly regarding purity
and composition. As biological products, particularly ones that modify the immune
system therapeutically, they theoretically have the potential to exert immunotoxic
effects, including allergenicity. Although vaccines have traditionally not exhibited
significant allergenicity as a result of the vaccination process itself, great care must
be taken to ensure that each of the multiple components is evaluated for potential
allergenicity, both individually and in conjunction with each other and with the
various other vaccine constituents. This presentation will describe the various components of modern vaccines and how developers can evaluate the potential for these
components to induce unwanted immune reactions.

2730

FOOD REGULATORY PERSPECTIVE ON EVALUATION
OF ALLERGENICITY.

S. Gendel. Center for Food Safety and Applied Nutrition, US FDA, College Park,
MD. Sponsor: N. Stagg.
Consumers are exposed to a wide, and constantly changing, variety of proteins in
foods.These proteins are both fundamental constituents of the foods and important
sources of nutrition. While most consumers acquire immune tolerance to food proteins, food allergic consumers develop immune responses that can lead to severe
life-threatening reactions when they are exposed to specific foods and food proteins. Food allergies are more common in children than in adults, and there is evidence that the prevalence of allergy is increasing. To protect the health of sensitive
consumers, regulatory agencies such as FDA need to consider potential allergenicity in several different contexts. These include evaluating the potential for novel
foods and food proteins to become allergens, the possibility that novel foods or
novel food proteins will cause reactions in consumers sensitized to other foods
(cross-reactivity), and the effect of food processing on the allergenicity of food allergens. In each case, the specific protein involved, the food matrix, and environmental effects need to be considered. Because there are no validated animal or invitro models that can be used to assess allergenicity, agencies rely on an approach
that integrates data from biochemical, biophysical, bioinformatic and exposure
analyses to assess potential public health risk. The past use of these approaches will
be reviewed and as will the potential for integrating new data sources in the allergenicity assessment process.

2731

ALLERGENICITY RESEARCH IN THE
PHARMACEUTICAL/BIOPHARMA SECTOR.

K. Hastings. Corporate Regulatory Affairs, sanofi-aventis, Bethesda, MD.
Drug allergy continues to be a serious concern in drug development. Although the
most dramatic forms are IgE-mediated, it is becoming clear that the majority of
drug allergic reactions are primarily T cell-mediated. The working assumption concerning drug allergic reactions is that either the parent compound, or more likely a
reactive metabolite, covalently binds to proteins to form immunogenic (and potentially allergenic) haptens in situ. This model does not apply to biologic drugs, however. Almost certainly there are genetic susceptibility factors in drug allergy, but the
key to understanding adverse immune responses to biologic drugs appears to be the
danger hypothesis. All biologic drugs are inherently immunogenic, but a second

“danger” signal is needed to provoke drug allergy. Potential sources of “danger signal” include concurrent infections, concomitant exposure to more than one drug,
or exposure to endogenous signals, such as those generated by inflammation or irritation. A complete pattern of possible factors is beginning to emerge concerning
causation of drug allergy: genetic susceptibility, concurrent generation or exposure
to danger signal(s), and induction of drug-specific immunity. Finally, the various
types of pathology thought to be immune-mediated have expanded and the possible mechanisms appear more diverse.

2732

CHEMICAL STANDARDIZATION OF BOTANICAL
MEDICINES FOR SAFE AND EFFECTIVE USE AS
THERAPEUTIC AGENTS.

M. Soni1 and B. Mahadevan2. 1Soni & Associates Inc., Vero Beach, FL and 2Abbott
Quality & Regulatory, Abbott Laboratories, Abbott Park, IL.
Botanical medicines have been used for millennia to cure ailments in traditional societies around the world. According to the World Health Organization (WHO), in
Asian and African countries, over three fourths of the population rely on botanical
medicines for their primary health care needs. The use of botanical medicines in the
developed world is increasingly on the rise with individuals seeking alternate and/or
complementary medicine options. The popular belief is that because botanical
medicines are derived from natural sources, they are safe and pose no harm when
used. However, within the scientific community, botanical medicines are under increased scrutiny due in part to concerns regarding their safety and clinical efficacy.
Safety issues often arise from lack of controlled manufacturing conditions, unproven formulations, improper storage, and poor or ineffective quality control
measures. In addition, a number of plant materials have been found to be contaminated with toxicological substances, including heavy metals and interfere with the
actions of commonly prescribed medications, which has resulted in a number of adverse patient effects. Thus, use of botanical medicines is further confounded with
considerable variations in chemical composition, inclusion of known toxic components during the processing, uncertain therapeutic potency, and potential safety issues when used alone or in combination with pharmaceutical agents. In an effort to
broaden the understanding of the aforementioned issues pertaining to botanical
medicines, the following key aspects will be addressed: the toxicity of botanical
medicines; if it’s natural, is it necessarily safe; successful scientific strategies that are
needed to ensure safe and effective use of botanical medicines; quality and safety issues of botanical medicines; chemical standardization of botanical medicines; and
current state and federal regulations affecting this line of therapeutic agents.
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CHARACTERIZATION AND USE OF HERBAL
PREPARATIONS AS TEST ARTICLES IN SAFETY
ASSESSMENTS—ANALYTICAL CHALLENGES AND
REASONABLE SOLUTIONS.

C. S. Smith. National Toxicology Program, National ToEnvironmental Health
Sciences, Research Triangle Park, NC.
Herbal preparations are increasingly popular, yet they are not generally administered according to historical, “time tested” regimens. These facts drive the need for
safety assessments conducted at much higher dose levels and with single herbal materials to evaluate toxicity in a modern context. However, herbal preparations are
plant materials and as such, are very complex mixtures. Comprehensive analysis of
the test article is a critical component to support the results of any safety assessment, but is challenging in the case of botanical preparations because of their complexity. In addition, formulation of test articles of botanical origin with vehicles
compatible with animal models also presents challenges of stability and formulation
analysis. The National Toxicology Program has undertaken the study of a range of
popular herbal medicines (Goldenseal Root Powder, Milk Thistle Extract, Senna,
Ginkgo Biloba Extract, Ginseng Extract, Black Cohosh Extract, Kava Kava Extract,
and others) and has developed an approach to the issue of characterizing these materials, including test articles and in formulations, that meets the needs of those
using safety assessment data. The approach includes conducting a comparison of
commercially-available materials followed by analyses for pesticides, herbicides,
metals, molds, likely contaminants, and characteristic component profiling compared to literature values for the same species.
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PHARMACOPEIAL APPROACHES TO SETTING
SPECIFICATIONS FOR ARTICLES OF BOTANICAL
ORIGIN.

This has resulted in a strong public interest for updated state-of-the-art standards of
identity purity, content, and absence of contaminants for these products. FDA has
issued Botanical Drug Guidance and also new GMPs for dietary supplements requiring the manufacturers to set these specifications for the products they produce
and the ingredients that they obtain from the purveyors. However, setting specifications for complex mixtures represent analytical challenges such as lack and expensiveness of purified substances for use as reference materials. Chromatographic profiles and spectrometric procedures as applied to characterize complex mixtures
require the use of approaches that often depart from the customary use of these
techniques to characterize purified small molecules, which are the subject of modern pharmacopeial monographs. US Pharmacopeia (USP) has taken on the challenge and has created a good number of new pharmacopeial monographs that represent adequate quality for human use for articles of botanical origin as dietary
supplements. Pubic standards from USP help manufacturers, regulators and consumers by providing appropriate quality specifications for dietary supplements.
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INTEGRITY OF A PRODUCT: USE OF VALIDATED
METHODS IN ASSESSING THE QUALITY AND SAFETY
OF BOTANICALS.

I. Khan. School of Pharmacy’s National Center for Natural Products Research,
University of Mississippi School of Pharmacy, Oxford, MS. Sponsor: M. Soni.
Authenticated raw material is the basic starting point for the development of a
botanical product. However, harvesting, storing, processing and formulating methods may dramatically affect the quality and consistency of the final product by altering the desired marker components or by increasing the possibility of unwanted
contaminants. Thus, validated methods to ensure quality control in manufacturing
and storage are required tools for optimal efficacy and safety of the products. These
controls are also critical for the evaluation of pharmacological, toxicological and
clinical studies of the botanical supplements. The need for new or improved approaches with modern detection modalities is a real need for the rigorous scientific
evaluation of botanical products, whether applied to active constituents or to surrogate markers. Furthermore, this will require the availability of sufficient quantities
of reference standards, preferably representing health-relevant principle(s), which
have been isolated and structurally verified. Subsequently, gram or larger quantities
of relevant principles will need to be prepared to meet the needs of the numerous
manufacturers in the botanical supplement market. This is often the limiting factor
in the wide spread adoption of quality control for the purpose of efficacy and safety
in the market. Also, characterization of a complex mixture is not an easy task. The
overall need and successful scientific strategies required achieving consistency in
composition and biological activity of botanical medicines essential for the safe and
effective use of botanical products is important.
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STANDARDIZING SNOWFLAKES: USING
TECHNOLOGY TO NORMALIZE NATURE.

C. Hopp. NIH/NCCAM, Bethesda, MD. Sponsor: M. Soni.
Much like no two snowflakes are identical, it has been shown that plants from the
same species can produce very different chemical profiles. In fact, the same plant
can display a variety of chemotypes depending on the growing conditions from season to season. In the face of this natural diversity it can be extremely challenging to
generate a “standardized” herbal preparation. Traditionally this has been accomplished by generating extracts with a defined amount of certain marker compounds. However, these typically represent only a fraction of all the metabolites
produced by the plant. Furthermore, increasingly we are seeing that the marker
compounds are chosen somewhat arbitrarily and are not responsible for the activity
which draws this approach into question. There is a vast technological armamentarium available to the analytical chemist today which makes it possible to quantitatively, qualitatively, and universally capture the chemical diversity produced by
the plant. Examples of these tools, such as metabolomics and principle component
analysis, will be given with a discussion about how they can be applied to the field
of botanical science.
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CHEMICAL STANDARDIZATION OF AN HERBAL
FORMULATION AS SAFE AND EFFECTIVE
THERAPEUTIC AGENT FOR PARKINSON’S DISEASE—
A CASE STUDY.

N. Sarma and G. I. Giancaspro. US Pharmacopeia, Rockville, MD.

B. Manyam. Department of Neurology, Penn State University, Hershey, PA. Sponsor:
B. Mahadevan.

Complex mixtures derived from natural products are very popular as traditional
medicines and dietary supplements in US. New regulations for dietary supplements
allowed most of these products to be marketed as dietary supplements in the US.

Mucuna pruriens is often touted as a remedy for Parkinson’s disease in the ancient
Indian system of medicine- Ayurveda. In an attempt to develop this as a potential
herbal drug, various components of the seeds were subjected to HPLC analysis to
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identify and quantify the “lead” compound. By using a 6-Hydroxydopamine rat
model and rotameter, the preclinical efficacy of Mucuna pruriens seed powder
(MPSP) was then compared to the currently used Parkinson’s disease therapeutic,
synthetic levodopa. Our results revealed that Mucuna pruriens was two to three
times as effective as that of synthetic levodopa. A series of standard toxicity studies
were conducted to assess the safety of the extract. In a multi-center clinical trial of
MPSH (HP-200) performed in 60 patients with Parkinson’s disease and using a

590

SOT 2012 ANNUAL MEETING

mean dose of 6±3 sachets (7.5 g each) per patient per day revealed that the drug was
well tolerated. Consequently, HP-200 was approved as Investigational New Drug
by the United States Food and Drug Administration. This case study shed light on
the challenges and solutions of moving a botanical drug from discovery to development and human trials. Further, drug development from Ayurvedic source may be
effective, safe and highly cost effective with a commendable success rate compared
to that of synthetic source.
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Banach, M S��������������������������������������������� 271*
Bancos, S����������������������������������������310*, 1517
Bandera, E V���������������������������������������������803
Bandiera, S�����������������������������������������������1548
Banerjee, A������������������������� 548*, 1879, 1885
Banerjee, N�������������������������������������������� 2017*
Banerjee, S����������������������������������������������� 921*
Banks, C N��������������������������������������������� 2545*
Banks, L D��������������������������������������������� 2697*
Bannerman-Thompson, H��������������������1607
Bannish, G������������������������ 1588, 1598*, 2323
Bantseev, V���������������������������������������������� 809*
Banu, S K�������������������������������������2392, 2393*
Bar-Ilan, O���������������������������������������303*, 306
Barajas, A�������������������������������������������������2549
Baraket, A��������������������������������������������������177
Baranes, S�������������������������������������������������2713
Barba-Escobedo, P A�����������������������������2019
Barber, D��������������������������������������������������1088
Barber, D S�����������������������������������������89, 2177
Barber, X��������������������������������������������������2514
Barbier, L�������������������������������������������������2714
Barbier, O��������� 224, 1204, 1205, 1222, 1283
Barbolt, T A�����������������������������������������������378
Barbosa, F������������������������������������� 2305, 2462
Barcellos, L��������������������������� 739, 1260, 1261
Barchowsky, A������������������ 1438, 2069, 2184*
Barger, M���������������������������������������������������317
Barger, M W��������������������������������������323, 717
Barile, F A������������������������������������� 1246, 2073
Barker, P�����������������������������������������������������997
Barks, A K������������������������������������������������1257
Barletta, M�����������������������������������������������1512
Barlow, C��������������������������������������� 2114, 2115
Barlow, N�������������������������������������������������1686
Barnaby, R�����������������������������������������������1464
Barnes, D M��������������������������������������������1576
Barnes, N�������������������������������������������������2626
Barnett, B���������������������������������������������������938
Barnhart, C����������������������������������1036, 1960*
Baroldi, P�����������������������������������������461, 2088
Barouki, R��������������������������������������������������539
Barrais, L����������������������������������������������������415
Barrass, N������������������������������������������������1207
Barraza-Villarreal, A��������������������������������166
Barrea, R����������������������������������������������������999
Barricklow, J��������������������������������������������1610
Barrón, B������������������������������� 402, 1398, 1418
Barrón-Vivanco, B������������������������������������737
Barrón-Vivanco, B S����������������������������� 2445*
Barros, S������������������������������������������������� 2266*
Barros, S A�����������������������������������������������1634
Barroso, J�������������������������������������������������1308
Barrow, P C����������������������������������������������1920
Bartels, M J����������������������������������������������1871
Bartels, M��������������������������������������������������� 65*
Bartels, M J����������������������������������������������1891
Barthlow, H���������������������������������������������1207
Bartke, A��������������������������������������������������2692
Bartlett, M G�������������������������������������������1403
Barton, M L�����������������������������������������������282
Barve, S�������������������������496, 725, 1638, 2043
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Baryza, J���������������������������������������������������1585
Basavarajappa, M S���������������������� 1724, 2387
Basketter, D������������������������������������������� 1316*
Baskin, S I������������������������������������������������2457
Bass, N������������������������������������������� 1102, 2118
Bassett, M������������������������������������������������2636
Bast, A������������������������������������������������������2025
Bast, C������������������������������������������������������ 116*
Basta, N T������������������������������������������������1488
Bataille, A M������������������������������������������ 1220*
Batakurki, M�������������������������������������������2648
Bate, L���������������������������������������������������������536
Bates, C A���������������������������������������������� 1010*
Battalora, M���������������������������������������������2667
Battelli, L A��������������������������������������717, 1806
Bauch, C���������������������������������������1312, 2627*
Baudet, S��������������������������������������1284*, 2289
Baudson, N����������������������������������������������2237
Bauer, D���������������������������������������������������2256
Bauer, R����������������������������������������������������1351
Bauer, Y����������������������������������������������������1710
Baumann, J����������������������������������������������2650
Baumann, M H���������������������������������������1041
Baumeister, J������������������������������������������ 1668*
Baux, L�������������������������������������������������������755
Bayir, H����������������������������������������� 1180, 2046
Bayîr, H����������������������������������������������������2036
Baynes, R E������������������������������������������������567
Bayona, J M���������������������������������������������1033
Bayona, M��������������������������������������������������644
Bazar, M A���������������������������������������255, 1051
Beach, D�����������������������������������������������������250
Beach, S����������������������������������������������������1352
Beall, P A�������������������������������������������254, 255
Beamonte, A����������������������������������������������535
Beasley, T E��������������446, 1946, 1947, 1948*,
1949, 1950
Beatty, P��������������������������������������������������� 165*
Beauchemin, S�������������������������������������������894
Beaudin, S������������������������������������������������1773
Beaudin, S A������������������������������������������ 2324*
Becalski, A�����������������������������������������������2119
Bechara, E J������������������������������������������� 1197*
Beck, B D�������������������������������� 107, 995, 2107
Beck, L M�������������������������������������������������2381
Beck, N�����������������������������������������������������2656
Beck, T�������������������������������� 1592, 2265, 2377
Becker, A������������������������������������������������ 1126*
Becker, J M����������������������������������������������1427
Becker, R������������������������������������������792, 795*
Beckman, D���������������������������������������������1550
Beckord, H����������������������������������������������� 383*
Beckord, H J����������������������������������������������379
Bee, E��������������������������������������������������������1923
Beekhuijzen, M���������������������������������������1933
Beer, L������������������������������������������������������1759
Beeson, C���������������������������������������������������612
Beeson, G���������������������������������������������������612
Beger, R������������������������������������������������������914
Beger, R D����������������������������������������522, 917*
Begley, T���������������������������������������������������� 22*
Begley, U������������������������������������������������������ 22
Begum, P�������������������������������������������������� 657*
Behl, M����������������������������������������������������� 478*
Behrend, K�������������������������������������������������580
Behrsing, H������������������������������������������� 1833*
Behrsing, T����������������������������������������������1135
Beier, E E�������������������������������������������������� 736*
Beier, J I������������������������������������������������������500
Bein, K J���������������������������������������������864, 868
Beissmann, S�������������������������������������������2102
Beland, F A�����������349, 366, 551, 1242, 2009
Belcher, S�������������������������������������� 1720, 1721
Belgin, E K�������������������������������������������������281
Belikova, N����������������������������������������������2036
Beliveau, M�������������445, 971, 972, 973*, 974
Bell, D���������������������������������������������������������948
Bellmann, B���������������������������� 658, 661, 1392
Bello, S O�������������������������������������������������2431
Bellocci, M�������������������������������������������������157
Belski, T T������������������������������������������������1344
Bemis, J��������������������������������������������935, 2087
Bemis, J C���������������������������������������������� 1468*
Benbrahim-Tallaa, L���������������������������� 2691*
Bench, G��������������������������������������������������2447
Bencic, D�������������������������������������������������1821
Bendele, P��������������������������������������������������919
Benedetti, G�������������������������������������487, 488*

Bengtsson, J�����������������������������������������������183
Benipal, B�������������������������������������������������1214
Benitez-Nelson, C�����������������������������������1759
BenKinney, M T���������������������������������������107
Bennett, M�������������������������������������������������933
Bensinger, H��������������������������������������������1352
Benson, J������������������������������������������������ 1797*
Benson, J M���������������������������������������������2360
Bentley, P����������������������529, 533, 1206, 1207
Bentley, P I��������������������������������������������� 1508*
Bentley, T�������������������������������������������������1070
Benz, F W���������������������������������������������� 2448*
Benz, R�������������������������������������������������������791
Béracochéa, D�����������������������������������������2714
Berdasco, N M����������������������������2205*, 2235
Beresford, L���������������������������������������68, 744*
Beresford, S������������������������������������������������447
Berg, E��������������������������������������������������������784
Berg, E L������������������������������������������������������ 83
Berglund, M��������������������������������������������2212
Berkbigler, J�����������������������������������692*, 1472
Berman, D��������������������������������������������� 2645*
Bernal, A�������������������������������������������������� 210*
Bernal Hernández, Y Y������������������������ 1418*
Bernard, J J���������������������������������������������� 562*
Bernard, M P����������������������������������������� 1595*
Berninger, J������������������������������������������������842
Bernstein, A I���������������������������������������� 1043*
Bernstein, D I������������������������������������������1607
Berntsen, J�����������������������������������������������2636
Berrera, M�����������������������������������������������1147
Berridge, B��������������������������������������������� 2707*
Berridge, M S����������������������������������525, 1945
Berry, C C������������������������������������������������1391
Berry, D������������������������������������������������������504
Bersonda, J����������������������������������������������2670
Bertermann, R����������������������������������������1533
Berthe, P����������������������������������� 753, 755, 766
Berthet, A������������������������������������������66, 573*
Bertheux, H�������������������������������������535, 1543
Bertinetti-Lapatki, C������������������1146*, 1714
Besenhofer, L������������������������������������������� 529*
Bess, A S�����������������������������������������������������628
Bessac, B����������������������������������������������������951
Bessems, J������������������������������������������������1728
Bessou-Touya, S����������������������������������������245
Besteman, E�����������������������������������������������748
Bétat, A��������������������������������������������408, 2331
Bettencourt, B R�������������������������������������1634
Betts, C�����������������������������������������������������1508
Betts, C J����������������������������������������������������536
Betz, M W������������������������������������� 1022, 1389
Bevilacqua, V������������������������������������������2063
Bevilacqua, V L���������������������������������������2059
Beyer, B����������������������������������������������������1686
Beyer, L A���������������������������������������������� 2107*
Beyer, R P�������������������������������������������������1541
Bezenςon, C���������������������������������������������2013
Bhalla, D K������������������������������������������������231
Bhalli, J�������������������������������������������������������320
Bhalli, J A������������������������������ 325, 647, 2080*
Bhardwaj, N������������������������������������������� 2068*
Bhat, V S������������������������������������������117, 118*
Bhatia, S�������������������������������������������������5, 994
Bhatnagar, A��������������������������������������������2061
Bhattacharya, P������������������������������������� 2382*
Bhattacharya, S�������������������� 343, 506*, 1619
Bhattacharyya, M H����������������������������� 2411*
Bhattacharyya, S�������������������������������522, 917
Bhatty, M��������������������������������������� 1568, 1632
Bhavaraju, L��������������������������������������������� 227*
Bhoopalan, V��������������������������������������������231
Bhusari, S����������������������������������������������� 1259*
Bialecki, R������������������������������������������������1207
Bian, Q��������������������������������������������������� 2348*
Bianchi, M�����������������������������������������������1253
Bianchi, M P����������������������� 2094, 2432, 2433
Bianchi, S�������������������������������������������������2622
Bichell, T J�������������������������������������������������986
Bichell, T V���������������������������������������������� 980*
Bienvenu, J�������������������������� 1047, 1057, 1481
Bigelow, C��������������������������������������������������468
Bigelow, D������������������������������������������������1179
Bigger, A H����������������������������������������������2434
Bihaqi, S W���������������������������������������������� 476*
Bijlani, K��������������������������������������������������1287
Bijlani, K H�������������������������������������������� 1812*
Bijol, V�����������������������������������������������������1218

Bijwaard, K����������������������������������������������1608
Billack, B��������������������������������������� 1336, 2430
Billington, R��������������������������������� 2566, 2673
Billinton, N����������������������������������������������1148
Billon, K���������������������������������������������������2714
Bilsten, E������������������������������������������������ 1115*
Binder, A��������������������������������������������������2369
Binder, D����������������������������������������������������775
Binienda, Z������������������������������������������������977
Binienda, Z K���������������������������������������� 1385*
Birch, E C������������������������������������������������� 761*
Bircsak, K M��������������������������������1410*, 1888
Bird, M G�������������������������������������������������2658
Bireley, R�������������������������������������������������� 912*
Biris, A�����������������������������������������������������1814
Biris, A S����������������������������������������������������676
Biris, A�������������������������������������������������������325
Biris, A S��������������������������������������������������1385
Birnbaum, L S�����������������������������������������1725
Birnbaum, L��������������� 106, 802*, 2118, 2507
Birnbaum, L S���������� 440, 479, 1102*, 2183*
Bishop, J���������������������������������������������������2336
Bishop, J B������������������������������������������������2380
Bishop, M E�����������������������������������������������320
Biswas, R�������������������������������������������������� 719*
Bittner, G D���������������������������������������������2226
Bizarro-Nevares, P����������������������������������2474
Bjoern, R��������������������������������������������������1715
Blaauboer, B����������������������������������������������598
Blaauboer, B J�������������696, 1728, 1733, 2210
Black, B����������������������������������������������������1120
Black, L E����������������������������������������������� 2577*
Blackburn, K���������������������������������������������600
Blacker, A M��������������������������������������������1566
Blackman, B R���������������������������������504, 1169
Blair, E������������������������������������������������������2292
Blair, I A���������������������������������������� 1552, 2688
Blaisdell, R�����������������������������������������������1354
Blake, C L����������������������������������������������� 2116*
Blake, D J���������������������������������������������������697
Blake, J C������������������������������������������������ 2214*
Blakely, J L�������������������������������������������������543
Blakeman, L�����������������������������������������������382
Blanc, L R�������������������������������������������������2462
Blanchet, C����������������������������������� 1481, 2119
Blanchet, D������������������������������������������������753
Blanke, K������������������������������������������������ 1127*
Blankenship, B A������������������������������������2268
Blasi, E R����������������������������������������������������467
Blaszkewicz, M����������������������������������������1024
Blatz, V��������������������������������������������������� 1313*
Blazer-Yost, B��������������������������������������������314
Blazka, M E�������������������������������������������� 2238*
Bleicher, K�����������������������������������������������1979
Bloch, W��������������������������������������������������1334
Bloch-Shilderman, E������������������2713*, 2718
Block, K����������������������������������������������������1702
Block, M L��������������������������������������������� 2548*
Blokker, M�������������������������������������������������110
Blömeke, B�������������������������� 1534, 1572, 2644
Blomme, E�������������������������������������������������558
Blomme, E A������������������������ 451, 1712, 2250
Blomsma, S A������������������������������������������1840
Blossom, S������������������������������������1243, 1934*
Blough, E���������������������������������������������������312
Blous, L������������������������������������������������������361
Blum, A���������������������������������������������������� 106*
Blum, J L��������������������������� 1278*, 1286, 2680
Blunt, G�������������������������������������������������������� 68
Blystone, C R�������������������������������������������1890
Blystone, C�����������������������������������������������1875
Blystone, C R����������������������������������������� 2380*
Bodnar, W�����������������������������������������������2689
Bodnar, W M������������������������������������������1527
Bodreddigari, S���������������������������������142, 581
Boegehold, M���������������������������������������� 1503*
Boehm, P D�����������������������������������������������107
Boekelheide, K����������������������� 472, 473, 2163
Boerleider, R������������������������������������������ 1475*
Boersma, M�����������������������������������������������111
Boess, F����������������������������������������518*, 2274*
Bogdanffy, M����������������������������������������� 1744*
Bogen, K����������������������������������������������������101
Bogen, K T����������������������������������������������� 578*
Bohonowych, J E��������������������������������������177
Boiani, M�������������������������������������������������1197
Boisette, B���������������������������������������������� 1004*
Boitano, S�������������������������������������������������1457

Boitier, E��������������������������������������������������1713
Bojang, P�������������������������������������������������� 789*
Bolger, P M����������������������������������������������2016
Bolger, P�����������������������������������������������������397
Bolger, P M����������������������������������������������2015
Bolgnani, F����������������������������������������������1550
Bolken, T C���������������������������������������������1881
Bollag, W�������������������������������������������������2411
Bolmarcich, J���������������������������������������������608
Bolognani, F���������������������������������������������� 82*
Bolt, M W���������������������������������������������� 2257*
Bonato, V�����������������������������������������420, 1151
Bondy, G��������������������������������������������������2309
Bondy, G S�������������������������������������������������635
Bonfanti, U������������������������������������������������970
Bonifas, J������������������������������������������������ 1572*
Bonini, M G������������������������������������������ 1766*
Bonner, M R��������������������������������� 1422, 2711
Bonvalot, Y����������������������������������� 1481, 2119
Bonventre, J A��������������������������������������� 1924*
Boobis, A�������������������������� 1300, 2590, 2593*
Boobis, A R����������������������������������������������2654
Booc, F T����������������������������������������������� 2389*
Borazjani, A������������������������������������������� 1518*
Borde, A R�����������������������������������������������2381
Borde, P���������������������������������������������������2381
Borders, B R��������������������������������������413, 414
Borders, R������������������������������������������������ 412*
Borg, D�����������������������������������������������������2513
Borland, M G��������������������������������174*, 2001
Borrebaeck, C A����������������������������������������524
Borrebaeck, C������������������������������������������2621
Bose, D�����������������������������������������������������1960
Bose, D D�������������������������� 1637*, 1961, 1962
Bose, R��������������������������������������������������� 1968*
Bossu, F����������������������������������������������������2289
Botta, D����������������������������������������� 1370, 1379
Botteron, C����������������������������������� 2289, 2291
Boube, I����������������������������������������������������1761
Boubekeur, H��������������������������������������������515
Bouchard, G����������������������� 2292, 2293, 2355
Bouchard, J����������������������������������������������1597
Bouchard, M F����������������������������������������1675
Bouchard, M��������������������������������� 1481, 2119
Boucher, I H��������������������������������������������2171
Bouchez, C�����������������������������������1596*, 1597
Boudon, S���������������������������������������������� 2256*
Bouhifd, M����������������������������������������������1703
Boullay, E���������������������������������������������������245
Boulton, D W��������������������������������������������129
Bounous, D����������������������������������������������1715
Bourdillon, P���������������������������������������������154
Bourne, A R���������������������������������������������1335
Bourouf, L������������������������������� 584, 766, 1852
Boursier-Neyret, C�����������������������������������535
Bouvard, V����������������������������������������������2691
Bouwmeester, H����������������������������������84, 650
Bovee, T���������������������������������������� 2191, 2234
Boverhof, D R�������������������������������242*, 1050
Boverhof, D���������������������������������������������2624
Boverhof, D R������������������ 72, 563, 763, 1566
Bovy, A�����������������������������������������������������2022
Bower, D A����������������������������������������285, 791
Bowes, J��������������������������������������������459, 1170
Bowles, M������������������������������������������������1759
Bowman, A������������������������������������������������980
Bowman, A B������������������������������������985, 986
Bowman, C J������������ 3, 74, 734*, 1917, 1944
Bowman, K����������������������������������������������1585
Bowyer, J F�����������������������������������1028, 1031*
Boyd, B������������������������������ 971, 972, 973, 974
Boyd, J������������������������������������������1160, 1162*
Boyd, J W�������������������������������������������������1161
Boyd, W�����������������������������������������������������780
Boyd, W A�������������������������������588*, 605, 626
Boyd Barr, D��������������������������������������������1675
Boyer, S���������������289, 290, 787, 1791*, 2277
Boyes, W K��������������������������� 332*, 446, 1949
Boykin, E���������������������������������������������������741
Boykin, E H���������������������������� 233, 862, 2312
Brackmann, M������������������������������������������951
Bradbury, S���������������������������������������������� 831*
Bradbury, S P�������������������������������������������2183
Bradford, A B���������������������������������������� 1017*
Bradford, B U������������������������������������������1527
Bradham, K���������������������������������������������1462
Bradham, K D�������������������������892, 893*, 895
Bradley, J������������������������������������������������ 1499*

The numerals following the author’s names refer to the abstract numbers.
The asterisk after the abstract number indicates the author is the first presenter.
Bradley, P���������������������������������������������������764
Bradman, A�������������������������� 739, 1260, 1675
Braendli-Baiocco, A���������������������������������557
Braithwaite, E K����������������������������626, 2485*
Brambila, E M����������������������������������������� 710*
Bramble, L A���������������������������������������������229
Branam, A���������������������������������������������� 2356*
Branam, A M�������������������������������������������1906
Brandeis, R����������������������������������������������2713
Brandes, J�������������������������������������������������1759
Brands, R���������������������������������������������������696
Branham, W��������������������������������������������2306
Branham, W S������������������������������ 1258, 2167
Brasa, S��������������������������������������������������������� 82
Bratbo Soerensen, D������������������������������2287
Brathwaite, W A�������������������������������������1110
Brattin, B��������������������������������������������������1489
Brattin, W������������������������������������������������ 856*
Braue, E����������������������������������������������������1798
Braun, A�������������������������������������������137, 2313
Braun, M C�������������������������������������������� 2501*
Braun-Sommargren, M�������������������������1006
Bray, J�������������������������������������������� 1822, 1823
Braydich-Stolle, L K�������������������1362, 1808*
Breen, M S�����������������������������������������������1821
Breen, M������������������������������������������������ 1821*
Breider, M A��������������������������������������������2270
Breider, M��������������������������������������������������682
Breiteneder, H��������������������������������������� 1752*
Breitner, E������������������������������������������������1360
Brena, B����������������������������������������������������1079
Brennan, A������������������������������������������������301
Brennan, J������������������������������������������������ 172*
Brennan, R�����������������������������������������������1682
Bressler, J P����������������������������������������������1256
Breuning-Wright, A�������������������������������1166
Breysse, P N���������������������������������������������1577
Brian, R������������������������������������������������������413
Bridges, C���������������������������������������������� 1215*
Briede, J�������������������������������������������������� 2672*
Brien, J F��������������������������������������������������1937
Briffaux, J�������������������������2290*, 2291*, 2359
Brigo, A���������������������������������������������������� 295*
Brill, S�����������������������������������������������452, 2640
Briscoe, C�������������������������������������������������2492
Brisson, B����������������������������������������������� 1481*
Britt, R D������������������������������������������477, 723*
Brittebo, E������������������������������������������������1510
Brix, A E���������������������������������������������������1234
Brock, W��������������������������������������������������1736
Brockway, M����������������������������������������������410
Brodie, A��������������������������������������������������2142
Brodsky, B��������������������������������������������������720
Broeders, J����������������������������������������������� 598*
Broka, D���������������������������������������������������1908
Bronk, S F������������������������������������������������2573
Brooks, B W������������������������������������������ 1131*
Brooks, E G���������������������������������������������1198
Brooks, J D��������������������������� 88, 91, 567, 569
Brooks, K J�����������������������������������������������2205
Brooks, S����������������������������������������������������603
Brorby, G������������������������������������������101, 853*
Brott, D��������������������������������������������529, 1508
Brott, D A��������������������������������������533, 1206*
Broussard, C������������������������������������������ 1639*
Brouwer, A�����������������������������������������������2232
Brouwer, K L���������������������������������������������495
Brown, A M���������������������������������������������1166
Brown, A��������������������������������������������������1959
Brown, C W���������������������������������������������2358
Brown, C������������������������������������������������ 1606*
Brown, E H����������������������������������������������2069
Brown, J M������������������������������� 926, 927, 928
Brown, J�����������������������������������������353*, 1210
Brown, J A�������������������������������������������������666
Brown, J M������������������� 448, 654, 664*, 1810
Brown, J P�������������������������������������������������� 99*
Brown, K M���������������������������������������������1389
Brown, K�����������������1104, 1113, 2026, 2029*
Brown, L D������������������������� 2292, 2293, 2355
Brown, L������������������������������������������������ 2454*
Brown, M�������������������������������������������������2369
Brown, M B�����������������������������������������������574
Brown, M����������������������������������������������� 1772*
Brown, R P���������������������������������������386, 1022
Brown, R��������������������������������������������������2262
Brown, R P���������������������������� 150*, 520, 1209
Brown, T��������������������������������������������������2328

Brown-Peterson, N���������������������������������1761
Browne, R W�������������������������������������������1422
Bruce, E D��������������������������������������907*, 2505
Bruce, G��������������������������������������������������� 832*
Bruckner, J V���������������������� 1403, 1404, 1877
Brunborg, G��������������������������������������������2086
Brune, J M�������������������������������������������������728
Brunnemann, K D����������������������������������1827
Brunström, B�������������������������������� 1529, 1907
Bruun, D��������������������������������������������������1961
Bruun, D A������������������������������������953*, 2545
Bryant, T��������������������������������������������������2280
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DeLuca, J��������������������������������������������������1828
DeLuna-Lopez, M����������������������2031*, 2461
DeMaio, C�������������������������������������������������460
Demchuk, E������������������ 139, 140*, 606, 2653
Demirel, G�����������������������������������������������1249
Deng, J��������������������������������������������������������404
Deng, W�����������������������������������������������������555
Deng, X����������������������������������������������������1631
Deng, Y����������������������������������������������������1114
Denis, F������������������������������������������������������768
Denison, M������������������������������������������������172
Denison, M S���������������������������177*, 178, 180
Dennel, S����������������������������������������������������511
Dennis, D P�����������������������������������������������968
Denslow, N��������������������������� 307, 1088, 2522
Denslow, N D������������������������������������������2177
Dent, M��������������������������������������������931, 2648
Deoraj, A������������������������������������������������ 1989*
Depelchin, O�������������������������������������������2258
Der, K�������������������������������������������������������2253
Derbes, R S����������������������������������������������2494
DeRisi, J��������������������������������������������������� 911*
Derk, R�������������������������������� 333*, 1265, 1282
Dertinger, S������������������������� 935*, 1148, 2087
Dertinger, S D�����������������������������������������1468
Desai, P����������������������������������������������������1883
Desai, V����������������������������������������2306*, 2633
Desai, V G������������������������������������� 1258, 2167
DeSantis, A S����������������������������������������� 1339*
Descamps, B����������������������������������������������732
Descotes, J������������������������� 1596, 1597, 2246,
2331, 2615*
DeSesso, J M��������������������������������������������2185
DeSilva, M�������������������������������������������������455
DeSimone, M C������������������������������������ 2310*
DeSmet, K D�������������������������������������������1615
Destexhe, E����������������������������������������������2237
Detilleux, P����������������������������������������������1121
Detroyer, A����������������������������������������753, 766
Deurinck, M��������������������������������������������2248
Devaux, C������������������������������������������������1284
Deveau, M�������������������������������������������������134
Devenish, M��������������������������������������������2124
Dever, D P����������������������������������������������� 964*
Devito, M�������������������������������������������������1794
DeVito, M J����������������������������������������������1725
DeVito, M����������������������������������������440, 2507
DeVito, M J�������������������12, 1732, 1878, 2189
Devlin, R��������������������������������������������������2642
DeWitt, J������������������������������������������������ 1581*
DeWitt, J C����������������������������������� 1904, 1954
DeWitt, M R������������������������������������������ 1003*
Dews, A����������������������������������������������������1357
Deyo, J������������������������������������������2193, 2236*
Dhakal, K����������������������������������������������� 1549*
Dharmadhikari, S����������������������������������� 998*
Dhir, A�����������������������������������������������������2545
Dhote, F���������������������������������������������������2714
Dhulipala, V����������������������������������������������411
Di, Z�����������������������������������������������������������487
Di Palma, C���������������������������������������������1227
Diabaté, S�������������������������������������������������1383
Diabo, C N��������������������������������������������� 2395*
Diamond, G�������������������������������������856, 1489
Diamond, S A��������������������������������������������301
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Díaz Torres, R�����������������������������������������2101
Díaz-Barriga, F�������������������� 166, 1602, 1604
Diaz-Sanchez, D�������������������������������������2636
DiBiasio, K W��������������������������������������� 2110*
Diekmann, H������������������������������������������ 491*
Diener, R M���������������������������������� 2388, 2394
Diercks, A������������������������������������������������1759
Dietrich, A�������������������������������������������������546
Dietrich, D R������������������������ 976, 1121, 1470
Dietz, L�����������������������������������������������������1319
Digavalli, S�����������������������������������������������2283
Digiovanni, J�������������������������������������������1984
Dill, J A������������������������������������������������������265
Dill Morton, L�������������������������������������������460
Dillman, J�������������������������������������������565, 566
Dillman, J F������������������������ 1337, 1352, 1353
Dillon, C C��������������������������������������570, 1471
Dillon, D��������������������������������������������������1841
Dills, R������������������������������������������������������1370
DiLorenzo, A������������������������������������������� 226*
Dilworth, C������������������������������������������������936
Dinesdurage, H�����������������������������������������150
Ding, C��������������������������������������������������� 1326*
Ding, D����������������������������������������������������2634
Ding, Q����������������������������������������������������1815
Ding, W�����������������������������������320*, 325, 647
Ding, X������������� 367, 1525, 1616, 2659, 2687
Dingemans, M M���������������������������������� 1728*
Dingus, C A�����������������������������������������������151
Dinocourt, C������������������������������������������� 211*
DiNovi, M������������������������������������������������2016
Dinsdale, D������������������������������������������������659
Dishaw, L V������������������������������������������� 1708*
Distefano, G���������������������������������������������2069
Ditewig, A C����������������������������������������������451
Dix, D���������������������������������������������������������785
Dix, D J��������������������������������������������128, 1795
Dix, D�������������������������������������� 766, 784, 1851
Dix, D J������������������������������������������ 771*, 869*
Dixit, A J������������������������������������������������ 1793*
Dixit, R������������������������������������������ 1670, 2273
Do, K�������������������������������������������������������� 685*
Do, M�������������������������������������������2424*, 2425
Doak, S H������������������������������������������������1301
Dobrovolskaia, M����������������������������������� 819*
Dobrovolskaia, M A���������������������������������818
Dobrovolsky, V N��������������������������������� 2434*
Dobry, D����������������������������������������������������463
Dobson, C���������������������������������������������� 1937*
Dodd, A�����������������������������������������������������491
Dodd, C A�����������������������������������������������2544
Dodd, D E������������������������������������������������ 260*
Dodd-Butera, T������������������������������������� 1125*
Dodge, D G��������������������������������������������� 107*
Dodmane, P������������������������������������������� 2666*
Doerge, D������������������������������������������������1719
Doessegger, L������������������������������������542, 555
Doherty, J�������������������������������������������������1048
Doherty-Lyon, S���������������������������������������480
Doherty-Lyons, S������������������������������������2680
Doherty-Lyons, S P�������������������������������� 475*
Doitsch, E��������������������������������������������������393
Dolash, B D��������������������������������������������� 323*
Dolinoy, D C������������������������ 210, 1257, 1544
Domann, F E�������������������������������������������2160
Domansky, K�������������������������������������������1172
Dombkowski, A��������������������������� 1641, 1726
Domínguez, C�����������������������������������������1033
Domínguez, D��������������������������������������� 1089*
Dominici, C Y����������������������������������������� 345*
Donahue, D A�����������������������������������������1304
Donde, H������������������������������������������������� 496*
Donepudi, A��������������������������������� 1402, 2130
Donepudi, A C������������������������������502, 1915*
Donerly, S������������������������������������������������1709
Dong, H���������������������������������������1539, 1622*
Dong, J�������������������������������������������������������506
Dong, L��������������������������������������������428, 460*
Dong, M������������������������������ 457, 2038, 2233*
Donley, E R������������������������������������615, 1925*
Donner, E�������������������������������������������������1974
Donner, M�������������������������������������������������278
Donohue, K B���������������������������������������� 1382*
Dooley, G�������������������������������������������������1472
Dooley, G P�����������������������������������������������692
Doperalski, N J����������������������������������������2177
Doran, J L��������������������������������������������������271
Dorandeu, F��������������������������������������������2714
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Dorau, M���������������������������������������������������546
Dorce, K���������������������������������������������������1004
Dordick, J S�����������������������������������������������604
Dorman, D������������������������������������������������123
Dorta, D J���������������2041, 2097*, 2432, 2433
Doshi, U�������������������������������������������601*, 602
Doshna, C������������������������������������������������ 591*
Dostal, L A��������������������������������������������������� 3*
Dostler, M������������������������������������������������2203
Dotse, E����������������������������������������������������2018
Doughty, J������������������������������������������������1598
Douki, T�����������������������������������������������������619
Dove, W���������������������������������������������������2694
Downs, T���������������������������������������937*, 1376
Doyle, N���������������������������������������������������2251
Doyle, T L������������������������������������������������1831
Doyle-Eisele, M����������������� 1062, 1063, 1804,
1887, 1895, 2643*
Dragan, Y�����������������������������������������533, 1137
Dragan, Y P���������������������������������������������1167
Drago, R�����������������������������������������������������541
Dragomir, A�������������������������������������������� 700*
Dragovic, S������������������������������������������������350
Draude, F���������������������������������������������������665
Dreher, K���������������������������������������������������648
Drexler, J����������������������������������������������������856
Driver, J H��������������������������������������������� 1484*
Drobna, Z�����������������220, 2583, 2587*, 2588
Drobná, Z��������������������������� 1439, 1449, 1453
Drubin, D������������������������������������������������2598
Druwe, I������������������������������������������������� 1440*
Du, G��������������������������������������������������������2211
Du, J����������������������������������������������������������2055
Duan, J�����������������������������������������������������1827
Duan, L������������������������������������������������������993
Duarte, D���������������������������������������������������967
Dubach, J�������������������������������������������������1557
Dubin, G��������������������������������������������������2258
Dublineau, I������������������211, 212, 1201, 2439
Dubois, A M��������������������������������������������2487
Dubois, V����������������������������������������������� 2705*
Dubost, V���������������������������������������������������� 82
Dubreuil, P����������������������������������������������1521
Duche, D����������������������������������513, 575*, 600
Duché, D����������������������������������������������������576
Duffel, M�������������������������������������������������1531
Duffel, M W��������������������������������������������2520
Duffy, R T���������������������������������������������� 2472*
Dugas, T�����������������������������������������������������422
Duggineni, D�������������������������������������������2061
Duguay, F������������������������������������������������� 205*
Dulaney, M���������������������������������������������� 143*
Dumais, A���������������������������������������������� 1057*
Dunbar, S�������������������������������������������������2628
Dunlevy, J R���������������������������������� 1434, 1435
Dunn, M����������������������������������������������������555
Dunn, M E�����������������������������������542*, 2606*
Dunnick, J K��������������������������������������������1234
Durand, E C������������������������������������������ 1920*
Durham, S K���������������������������������515, 1700*
Durhan, E������������������������������������������������2390
Dusinska, M������������������������������������������������ 90
DuTeaux, S B������������������������������������������� 200*
Duval, S����������������������������������������������������2280
Duysen, E G��������������������������������������������1412
Dvonch, J T���������������������������������������229, 863
Dvonch, T��������������������������������������������������235
Dwyer, J������������������������������������������������������462
Dwyer, J N��������������������������������������������� 1237*
Dwyer, J L���������������������������������������������� 2345*
Dyavaiah, M������������������������������������������������ 22
Dyck, R�������������������������������������������������������131
Dydak, U����������������������������������� 996, 997, 998
Dzib-Cocom, L���������������������������������������1415
Dziubla, T��������������������������������������������������653
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Eaddy, J S������������������������������������������������� 113*
Eagleton, N����������������������������������������������2176
Eapen, A��������������������������������������������������1933
Eastmond, D A������������������������������������� 2651*
Eaton, D���������������������������������������������������1379
Eaton, D L����������������������������� 799*, 805, 1267
Eaton, E B���������������������������������������������� 1353*
Eaves, A����������������������������������������������������1584
Ebeling, M�����������������������������������������������1147
Eblin, K E�������������������������������������������������2626

Ecetoc, T����������������������������������������������������158
Eck, W S�������������������������������������������254, 1343
Eckhardt, E�������������������������������������������� 1753*
Eckhert, C������������������������������������������������1116
Ecklof, N����������������������������������������������������460
Edden, R����������������������������������������������������997
Edelhauser, H F��������������������������������������� 807*
Eden, P��������������������������������������������������� 2503*
Ederveen, A���������������������������������������������2202
Edgerton, D�����������������������������������������������463
Edgington, A�������������������������������������������1382
Edmunds, N��������������������������������������������2275
Edoff, K����������������������������������������1968, 1969*
Edwards, B C�������������������������������������������1878
Edwards, B M������������������������������������������1462
Edwards, J������������������������������������1286, 2194*
Edwards, S���������������������������������������733, 2648
Ee, G���������������������������������������������������������2400
Efremenko, A����������������������������������506, 1728
Egehgy, P����������������������������������������������������293
Egert, U����������������������������������������������������1701
Egoz, I������������������������������������������������������2713
Ehinger, M�����������������������������������������������2369
Ehmann, D����������������������������������������������1137
Ehresman, D J�������������������������������395*, 1876
Ehrich, M�����������������������������������������942*, 944
Eichinger-Chapelon, A��������������������������1714
Eidi, H��������������������������������������������������������645
Eilstein, J�����������������513*, 575, 576, 753, 755
Einstein, D R�������������������������������������60*, 436
Einstman, A A�����������������������������������������1575
Eisenbrandt, D��������������������������������242, 1871
Eisenbrandt, D L������������������������� 1394, 1869,
1870*, 1983
Ejaz, S����������������������������������������������������� 1537*
Ejike, C E�������������������������������������������������2125
Ekelman, K������������������������������������������������100
Eklund, C�������������������������������������������������1892
Eklund, C R�����������������������������������������������441
Eklund, M��������������������������������������������������289
Ekong, P S������������������������������������������������2123
El Ali, Z��������������������������������������������750*, 751
El Amrani, A���������������������������������408*, 2331
El Gendy, M������������������������������������������� 2133*
El Ghissassi, F�����������������������������������������2691
El Sayed, K A���������������������������������������������169
El-Attar, M S��������������������������������������������1565
El-Fawal, H A������������������������������������������2551
El-Hiti, G���������������������������������������������������611
El-Kadi, A O�������������1441, 1507, 2133, 2465
El-Kouhen, O F���������������������������������������2250
El-Masri, H��������������������������������������446, 2589
El-Sharkawy, N I���������������������������������������943
El-Sherbeni, A A�������������������������������������1441
El-Tawil, O S�������������������������������������������� 943*
Elder, A��������������������������������� 331, 898*, 1294
Eldridge, M�������������������������������������������� 2192*
Eldrige, M������������������������������������������������2236
Elespuru, R K������������������������������������������2434
Elferink, C J�����������������������������������������������197
Elhajouji, A����������������������������������������������1148
Eling, T�����������������������������������������������������2369
Elizondo, G����������������������������������� 1398, 2445
Ellinger-Ziegelbauer, H������������ 82, 528, 552,
1710
Elliott, J D������������������������������������������������1802
Ellis, G������������������������������������������������������1314
Ellis-Hutchings, R G������������������1939*, 2673
Ellison, C A���������������������������������1420, 1422*
Elmore, S����������������������������� 1113, 2026, 2029
Elmore, S E�������������������������������������������� 1104*
Eloi, M D�������������������������������������������������1637
Els, A��������������������������������������������������������1310
Else, A������������������������������������������������������1302
Eltze, T�����������������������������������������1312*, 2627
Elvati, P����������������������������������������������������1357
Ema, M�������������������������������������������337, 1377*
Emde, B����������������������������������������������������1208
Emmen, H�����������������������������������������������1933
Emond, C���������������������������������251, 435, 440*
Emond, F�������������������������������������������������2296
Emter, R���������������������������������������������������1314
Enayetallah, A����������585, 2264, 2596, 2599*
Encarnacao, P C������������������������������������ 2162*
End, P���������������������������������������������������������468
Endo, T����������������������������������������������������1958
Endoh, S�����������������������������������������������������318
Endres, J�����������������������������������������������������216

Enerson, B������������������������������������ 1517, 2295
Engel, A M��������������������������������������������� 2494*
Engelke, K���������������������������������������������� 2267*
Engels, L G�����������������������������������������������2679
Engkvist, O������������������������������������������������764
Engle, S���������������������������������� 420, 1824, 2275
English, J C��������������������������������������117*, 118
English, R�������������������������������������������������1173
Ennulat, D�����������������������������������������������1715
Enoch, S�����������������������������������������������������244
Enongene, E����������������������������������������������272
Eom, S������������������������������������������������������2463
Epperly, M�����������������������������������������������2036
Epperly, M W������������������������������������������2034
Epstein-Barash, H�����������������������������������1634
Epur, A�������������������������������������������������������998
Erdei, E�������������������������������������������������������399
Erdely, A��������������������������������������� 1055, 1647
Erdemli, G�����������������������������������������������2248
Erdos, Z�������������������������������������������������������� 79
Ergen, N�����������������������������������������������������150
Erikson, K������������������������������������������������1002
Eriksson, P����������������209*, 1952, 1953, 2568
Erlanger-Rosengarten, A�������������������������720
Ernst, H������������������������������������������������������658
Ernstgård, L��������������������������������������������� 120*
Erratico, C��������������������������������������������� 1548*
Escalante, P����������������������������������������������1639
Escalante-Galindo, P������������������������������1602
Escamilla-Rivera, V������������������������������ 1283*
Esch, H L���������������������������������������643, 2222*
Esch, L������������������������������������������������������1501
Escobar-Wilches, D C���������������������������� 505*
Escudero, C������������������������������������������� 1433*
Escudero-Lourdes, C�����������������������������1452
Esdaile, D J����������������������������������������������1905
Eser, P O������������������������������������������������ 2693*
Esguerra, C����������������������������������������������1142
Esievo, K N������������������������������������������������946
Eske, K�����������������������������������������1511, 2509*
Eskenazi, B����������������440, 1260, 1261, 1675*
Espinosa-Juarez, L������������������������������������166
Espinosa-Juárez, L����������������������������������2362
Espinosa-Tanguma, R����������������������������1295
Espinoza, H M����������������������������������������2496
Ess, K C������������������������������������������������������985
Essader, A S���������������������������������������������2498
Esselen, M������������������������������������������������1524
Esser, C�������������������������������������������������������619
Esser, K�����������������������������������������������������1511
Esser, P R����������������������������������������������� 1319*
Esser, P�������������������������������������������������������750
Esteban, J�������������������������������������������������2514
Estevan, C���������������������������������������������� 1397*
Estevez, J��������������������������������������������������1411
Estis, J�����������������������������������������������521, 1505
Estrada, Y���������������������������������������������������� 22
Estrada-Muñiz, E������������� 2404, 2427, 2683*
Eto, K��������������������������������������������������������2466
Etuk, E U��������������������������������������������������2431
Etzel, C J�����������������������������������������������������637
Eun, H���������������������������������������������������� 2402*
Eustache, J H�������������������������������������������2493
Evans, E B���������������������������������������������� 1816*
Evans, J�����������������������������������������������������1264
Evans, K�����������������������������������������������������933
Evans, M V���������������������������������������������� 441*
Evans, M����������������������������������������������������464
Evans, N������������������2228*, 2338, 2339, 2340
Evans, R M�������������������������������������������������181
Evans, T�������������������������������������������������� 2355*
Evansky, P������������������������������������������������2663
Evansky, P A��������������������������������������������1946
Evansky, P���������������������������������������������� 1950*
Evansky, P A������������������������������������446, 1949
Evering, W������������������������������������ 1163, 2005
Evers, A������������������������������������������������������546
Evers, N�������������������������������������������������� 2202*
Ewart, L����������������������� 63, 2275, 2277, 2704*
Ewing, P�����������������������������������������������������239
Eydelloth, R���������������������������������������������2270
Ezendam, J�����������������������������������������������1317
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Fabian, E�����������246, 568*, 1313, 2204, 2249
Fabian, S L�����������������������������������������������1218
Fabio, K����������������������������������������������������1331

Fabricant, D���������������������������������������17*, 272
Facecchia, K�����������������������������������������������978
Factor-Litvak, P����������������������������������������162
Fadeel, B����������������������� 669, 672, 760, 1272*,
1273*, 1279, 1388
Fahy, G M������������������������������������������������1840
Fail, P������������������������������������������������������ 2365*
Fair, P A���������������������������������������������������2229
Fairchild, D G��������������������������������������������728
Fairhall, S�������������������������������������������������2329
Falank, L������������������������������������������������ 1285*
Falkner, K��������������������������������� 368, 500, 540
Falls, G J���������������������������������������������������1655
Falvo, R������������������������������������������������������706
Fan, A M��������������������������������������������������1134
Fan, J T�����������������������������������������������������2405
Fan, L��������������������������������������������������������1381
Fan, X���������������������������������������������759, 1173*
Fan, Y�������������������������������������������� 2074, 2173
Fan, Z���������������������������������������������������������223
Fang, C������������������������������������������ 1086, 2687
Fang, D�����������������������������������������������������2138
Fang, H������������������������������������������ 1139, 2634
Fang, J�������������������������������������������2062*, 2158
Fang, M����������������������������������������������76*, 803
Fang, X�����������������������������������������������������2389
Fantke, P��������������������������������������������������1426
Faqi, A S���������������������������������������� 1112, 2395
Farabaugh, C S�������������������������������������� 2096*
Farahat, F M��������������������������������� 1420, 2711
Farahat, T M��������������������������������������������2711
Faria, M S����������������������������������������������� 2305*
Farin, F M������������������������������������������������1541
Fariñas, N R���������������������������������������������2462
Fariss, M W�������������������������������2709*, 2719*
Farombi, O E�������������������������������������������1213
Farraj, A K������������228, 230, 241*, 861, 1498
Farrell, R E�����������������������������������������������2111
Fast, K���������������������������������������������������������� 62
Faulk, C�������������������������������������������������� 1257*
Faust, M���������������������������������������������������2654
Faustman, E M����������������������������� 1370, 1413
Faustman, E����������������447, 2364, 2455, 2547
Faustman, E M��������������������� 219, 1473, 2361
Favaro, C��������������������������������������������������2369
Fayad, Z A������������������������������������������������2524
Fears, S�������������������������������������������������������314
Fedoruk, M������������������������� 385*, 1467, 2113
Fegert, I����������������������������������������������������1395
Fehrer, D����������������������������������������������������714
Feldman, H S������������������������������������������� 398*
Feleke, B���������������������������������������������������1355
Feliu, N�����������������������������������������������������1273
Felter, S�������������������������������������������������������244
Feng, L��������������������������������������������������������782
Feng, W����������������������������������������� 2036, 2450
Fennel, T R������������������������������������������������926
Fennell, T F������������������������������������������������927
Fennell, T R�����������������������������������������������928
Fennell, T�������������������������������������1889, 1890*
Fennell, T R������������432, 448, 664, 666, 1481
Fensterheim, R����������������������������������������2685
Fenton, S E������������������������������������ 1913, 2385
Ferandon, C���������������������������������������������1108
Ferber, G����������������������������������������������������268
Ferguson, D A�����������������������������������������2135
Ferguson, M����������������������������������������������356
Ferguson, P L������������������������������������������2227
Ferguson, S������������������������������������������������128
Ferguson, S A������������������������������������������2217
Ferguson, T����������������������������������������������1212
Ferland, P�������������������������������������������������1371
Fernandez, B�������������������������������������������1034
Fernando, R A������������������������������ 2214, 2498
Fernando, T���������������������������������������������1627
Ferraz, E A�����������������������������������������������2097
Ferreira, D W������������������������������������������ 375*
Ferrer, E������������������������������������������������� 1103*
Ferris, C������������������������������������������������� 2247*
Ferry, C H������������������������� 1898, 1972*, 2001
Ferslew, B C�����������������������������������������������495
Feuston, M�����������������������������������������������1686
Fick, T������������������������������������������������������1128
Fiebelkorn, S���������������������������������������������127
Fiechter, D�����������������������������������������������1587
Fiedler, H�������������������������������������������������2506
Fierens, F���������������������������������������������������389
Fiering, S��������������������������������������������������2655

The numerals following the author’s names refer to the abstract numbers.
The asterisk after the abstract number indicates the author is the first presenter.
Fikes, J����������������������������������� 529, 1206, 1508
Fikes, J D����������������������������������������������������533
Fikree, H��������������������������������������������������2121
Filer, D L��������������������������������������������������2482
Filgo, A J��������������������������������������1913, 2381*
Filipov, N M��������������������������������������������2544
Filliat, P����������������������������������������������������2714
Finch, G��������������������������������������������������� 881*
Finch, G L������������������������������������������������1917
Fink, G�������������������������������������������������������863
Finkelstein, J��������������������������������������������1468
Finkelstein, J N��������206, 207, 311, 470, 982
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Kang, S�����������������������������1117*, 1898, 1985*
Kang, W���������������������������������������������������2409
Kang, Y J�������������������������������������������������� 817*
Kang, Y�������������������������������������������������������812
Kania-Korwel, I������������������������������������ 1036*
Kanki, M��������������������������������������� 1710, 1715
Kanno, J���������������������������������������������������2161
Kanno, S������������������������������������������������� 2057*
Kansy, M����������������������������������������������������295
Kantasaria, S��������������������������������������������1153
Kanthasamy, A����������������������������������������1005
Kanthasamy, A G��������������� 1008, 1009, 1373
Kanthasamy, A���������1005, 1008, 1009, 1373
Kanthasamy, K����������������������������������������1373
Kaplan, A�������������������������������������������������1300
Kaplan, B L����������������������1367*, 1644, 1697*
Kaplan, B����������������������������� 1620, 1633, 1645
Kapralov, A����������������������������������������������2036
Karabelas, A J������������������������������������������1426
Karadzovska, D��������������������������������������� 569*
Karafas, S�����������������������������������������332, 1949
Karahalil, B�������������������������������������������� 1609*
Karakaya, A E������������������������������������������1609
Karakitsios, S P��������92, 167, 390, 854, 1485
Karaman, S�������������������������������������������� 2319*
Karasov, W H������������������������������������������ 849*
Karbowski, C M������������������������������������ 1227*
Karetsky, V����������������������������������������������1830
Karin, M���������������������������������������������������1463
Karin, N���������������������������������������� 1361, 1369
Karin, N J����������������������������������������������� 1288*
Karl, J����������������������������������������������������������546
Karlsson, H����������������������������������������������1273
Karlsson, H L���������������������������������������� 1387*
Karman, B N�������������������������������������������1724
Karmaus, P�������������������������������������������� 1644*
Karper, P��������������������������������������������������1634
Karpuzoglu, E�������������������������������������������481
Karri, N D���������������������������������������������� 2499*
Kärrman, A����������������������������������������������1907
Kasahara, Y����������������������������������������������2678
Kasamoto, S�����������������������������������������������337
Kashon, M�������������������������������������������������232
Kashon, M L���������������651, 1495, 1496, 1647
Kasichayanula, S���������������������������������������129
Kassel, K M������������������������������������������������915
Kasuga, C�������������������������������������������������1101
Katagiri, H�����������������������������������������������2488
Katalan, S�������������������������������������������������2713
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Katsumata, T�������������������������������������������1558
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Kaufmann, T�������������������������������������������2318
Kaufmann, W E��������������������������������������1256
Kaup, F J���������������������������������������������������2313
Kaur, H�������������������������������������������������������464
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Kavanagh, T J������������������������������������������1370
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Kawaguchi, H������������������������������������������2308
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Kayama, F��������������������������������������201*, 2458
Kayyali, U������������������������������������������������ 690*
Kazmi, P��������������������������������������������������� 250*
Ke, M����������������������������������������������������������108
Ke, N���������������������������������������������������������2224
Ke, S����������������������������������������������������������2176
Keasling, A�����������������������������������������������1814
Keating, A������������������������������������������������2376
Keating, A F���������������������������������� 2371, 2382
Kedar, P�������������������������������������������������������� 21
Keebaugh, A��������������������������������������������1066
Keebaugh, A J���������������������������������������� 1065*
Keenan, J��������������������������������������������������1419
Keenan, J J���������������������������������������273, 2106
Kehe, K��������������������������������������������������� 1334*
Keijer, J�����������������������������������������������������2012
Keil, D E���������������������������������������������������1617
Keil, K P���������������������������������������������������1906
Keller, D J�����������������������������������������380, 1832
Keller, D������������������������������������������������� 1782*
Kelley, N���������������������������������������������������1333
Kelley, N R�����������������������������������������������1335
Kellner, T P�������������������������������������������� 1854*
Kelly, A D����������������������������������������������� 2493*
Kelly, E J���������������������������������������������������1541
Kelly, K A�������������������������������������������������1028
Kelly, R�����������������������������������������������������2634
Kelly, S������������������������������������������������������2263
Kelly-McNeil, K����������������������������������������223
Kelm, J��������������������������������������������������������490
Kelm, J M�������������������������������������������������1838
Kelsall, J���������������������������������������1660*, 1710
Kemp, M Q����������������������������������������������1576
Kemper, R����������������������������������������518, 1168
Kempinas, W��������������������������������������������� 53*
Kenaston, A�����������������������������������������������693
Kendig, E�������������������������������������1720*, 1721
Kendziorski, J���������������������������������������� 1721*
Kenmotsu, S����������������������������������������������360
Kenna, G��������������������������������������1782, 1786*
Kennedy, L����������������������������������������������� 581*
Kennedy, M D��������������������������������������� 1802*
Kennedy, P�������������������������������������������������749
Kennedy, T������������������������������������������������713
Kennedy, T P���������������������������������������������712
Kenney, J��������������������������������������������������1868
Kensicki, E�������������������������������������������������581
Kensler, T���������������������������������������������������786
Kenyon, A����������������������������������������651, 652*
Kenyon, A J�����������������������������������������������717
Kenyon, E M��������������������1892*, 2583, 2589*
Keon, D������������������������������������������������������294
Kepler, D R����������������������������������������������2565
Kepley, C����������������������������������������������������942
Kerdine-Römer, S�������������������������������������751
Kerdine-Römer, S�������������������������������������750
Kerger, B D����������������������������������1467*, 1893
Kerins, A����������������������������������������������������936
Kerns, S P�����������������������������������������570, 1471
Kerns, W D����������������������������������������������2671
Kerr, I�������������������������������������������1758*, 1763
Kerr, R��������������������������������������������������������281
Kerr, S�������������������������������������������������������2306
Kervyn, S M������������������������������������������� 2258*
Keun, H����������������������������������������������������2460
Khalili, R����������������������������������������������������427
Khan, I��������������������������������������������������� 2735*
Khan, I A���������������������������� 1932, 1977, 2317
Khan, M������������� 624, 759, 1172, 1173, 1975
Khan, S I��������������������������������������������������1977
Khanal, T���������������������������� 595*, 2403, 2422
Khatri, R������������������������������������������������ 2142*
Khetani, S����������������������������������������484, 493*
Kho, Y������������������������������������������������������2459
Khoh-Reiter, S�����������������������������1163, 1165*
Khokhar, J Y������������������������������������������ 1528*
Kholmukhamedov, A����������������������������� 376*
Khong, H�������������������������������������������������2400
Khoshbouei, H����������������������������������������1964
Kido, T������������������������������ 1032, 1203*, 2488
Kilburn, K H���������������������������������������������968
Kilby, R L���������������������������������������������������254
Kile, A���������������������������������������������������������� 23
Kille, P��������������������������������������������������������611
Kim, B������������������������������������������������������1320
Kim, B G��������������������������������������������������2464
Kim, C S���������������������������������������������������1488
Kim, D������������������������������������������������������2459
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Kim, D S�������������������������������������������726, 2464
Kim, D Y��������������������������������������������������2293
Kim, D��������595, 1008*, 1013*, 1474, 1564*,
1603, 2422
Kim, E�������������� 184, 1087, 1542, 1545, 1966
Kim, G Y��������������������������������������������������2464
Kim, H R����������������������������������������������������372
Kim, H������������������������������������������ 237*, 572*,
595, 687, 708*, 1262, 1407, 1971, 2147*,
2361, 2396, 2403, 2414, 2415, 2416,
2417, 2418, 2419*, 2420, 2422, 2423,
2463, 2463, 2675
Kim, H���������������������������������������������549, 1262
Kim, J������������������������547, 1547, 1811*, 2675
Kim, J K�����������������������������������������������������726
Kim, J�������������������������������������������1375*, 1603
Kim, K�������������������������������������� 75*, 87*, 547*
Kim, M�����������������������������������������������������1474
Kim, M J������������������������������������������492, 2288
Kim, M����������������������������������������������������� 304*
Kim, S�������������� 237, 364, 675, 698, 708, 756,
1480, 2459
Kim, S H������������������������������������������726, 1441
Kim, S�������������93*, 95, 547, 547, 549, 1248*,
1271, 1564, 2154
Kim, T����������������������������������������������549, 1262
Kim, Y������� 309, 330, 492, 1241, 1271, 2288,
2675
Kim, Y M���������������������������������������������������726
Kim, Y������������������������������������������������������2463
Kimani, P W��������������������������������������������2386
Kimbell, J S����������������������������������������������1064
Kimber, I��������������68*, 69, 72, 743, 744, 746,
1651
Kimbrough, C�����������������������������������������1868
Kimura, E����������������������������������������������� 1958*
Kimura, J��������������������������������������� 2082, 2084
Kimzey, A������������������������������������� 1137, 2263
Kimzey, M J���������������������������������������������1176
King, B�����������������������������������������������������2597
King, C�������������������������������������� 230, 233, 862
Kinniburgh, D W���������������� 170, 2221, 2647
Kinsky, O����������������������������������������������� 1176*
Kinter, L���������������������������������������������������1207
Kinter, L B������������������������������� 529, 533, 1206
Kinuthia, M�����������������������������������������������616
Kinzer, C��������������������������������������������������1160
Kiok, K�����������������������������������������������������1740
Kipen, H M���������������������������������������������� 223*
Kirby, G M�����������������������������������������������1184
Kirk, S A���������������������������������������������������1594
Kirkley, K A��������������������������������������������� 989*
Kirkpatrick, D�������������������������������������������865
Kirkpatrick, D T������������� 1067*, 1068, 1069,
1071
Kirkpatrick, M E����������������������������������� 1122*
Kirman, C��������������������������������������������������434
Kirman, C R������������������������������������433*, 855
Kirschhock, C E����������������������������������������659
Kirton, C M���������������������������������������������1593
Kishi, S�����������������������������������������1938*, 2661
Kishimoto, T�������������������������������������������1574
Kisin, E���������������������������������������������669, 1388
Kisin, E R�������������������������������������������������1279
Kisin, E�����������������������������������������������������1272
Kisin, E K����������������������������������������������� 2443*
Kitamoto, S�������������������������������������������� 2082*
Kitamura, S����������������������������������������������2187
Kitazawa, T����������������������������������������������1909
Kito, N������������������������������������������������������2678
Kitson, R����������������������������������������������������991
Kiyosawa, N�������������������������������������526, 2337
Klaassen, C������������������������������������������������786
Klaassen, C D������358, 509, 510, 1926, 2011,
2134, 2135, 2137, 2157, 2179
Klaine, S���������������������������������������������������1382
Klaper, R��������������������������������������������308, 324
Klaren, W D��������������������������������������������2151
Klastrup, S�����������������������������������������������2286
Klaunig, J E����������������������������������������������2372
Klausner, M������ 608, 616, 1305, 1322, 1586,
1828, 1830, 1866, 2218
Kleeberger, S����������������������������������������������948
Kleensang, A�������������������������������� 1587, 1703
Klei, L R������������������������������������������������� 1438*
Klein, K����������������������������������������������������1613
Klein, S G�������������������������������������������������2644
Klein Stevens, C��������������������������������������1526

Klein-Seetharaman, J�����������������������������2036
Kleinbeck, S���������������������������������������������1024
Kleiner-Hancock, H�������������������������������1997
Kleinjans, J���������������������������� 341, 1680, 1789
Kleinjans, J C�������������������������������� 2672, 2679
Kleinman, M�����������������������������������224, 1065
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610

The numerals following the author’s names refer to the abstract numbers.
The asterisk after the abstract number indicates the author is the first presenter.

Romero-Alvarez, I����������������������������������2404
Romoser, A A���������������������������������������� 1292*
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Rosas-Hernandez, H������������������������������1295
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Rosenfeld, C S�����������������������������������������1915
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Roth, R A���������������������������������� 352, 699, 704
Rothenberg, S J���������������������������� 1604, 2445
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Safe, S H�����������������������������������������������1, 2184
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Santiago, D������������������������������������������������705
Santora, M�������������������������������������������������411
Santos, A C����������������������������������������������2305
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Sauve, A K����������������������������������������������� 264*
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Sawyer, M E�����������������������������������������������441
Sax, S N����������������������������������������������������1293
Saxena, R k����������������������������������������������2068
Sayes, C M�����������������������������������������������1292
Sayler, G���������������������������������������������������2192
Scabilloni, J F�������������������������������������������1806
Scanlan, L D������������������������������������������ 1076*
Scanlan, T S�����������������������������������������������550
Schadt, E������������������������������������������������ 2722*
Schaecke, H�����������������������������������������������528
Schaefer, G�����������������������������������������������1748
Schaefer, H�������������������������������������������������546

Schaeffer, E����������������������������������������������2283
Schaeublin, N������������������������������������������1808
Schaeublin, N M���������������� 652, 1358*, 1362
Schaffner, C P������������������������������������������1039
Schäper, M�����������������������������������������������1024
Schaudien, D�����������������������������������658, 660*
Schauss, A G�������������������������������������������� 216*
Schebb, N H�������������������������������������������� 560*
Schebler, P J���������������������������������������������1471
Scheckel, K G������������������������������������893, 895
Schecter, A�����������������������������������������������1102
Schecter, A J������������������������������������������ 2118*
Scheitza, S������������������������������������������������1572
Schelegle, E����������������������������������������������1941
Schell, J D������������������������������������������������ 142*
Schenk, L���������������������������������������������������138
Schepky, A G����������������������������������������� 1315*
Schiestl, R H����������������������������������217*, 1156
Schilter, B�������������������������������������������������2013
Schimpf, B�������������������������������������������������709
Schisler, M R�������������������������������� 1983, 2079
Schladweiler, M�������������������������������240, 2639
Schladweiler, M C���������������������������234, 1053
Schlager, J������������������������������������������������1886
Schlager, J J����������������������������������������������1289
Schlappal, A E����������������������������������������� 992*
Schlenk, D������������������������������������ 1092, 1405
Schlezinger, J������������������������������������������� 185*
Schlichting, A��������������������������������������������661
Schloand, M��������������������������������������������1179
Schlosser, M J������������������������������������������2096
Schlosser, S��������������������������������������577, 1351
Schlumbohm, C��������������������������������������2313
Schmeits, P�������������������������������������������� 1625*
Schmid, J����������������������������������������������������240
Schmidt, A�����������������������������������������������1334
Schmidt, F��������������������������������������������������546
Schmidt, R����������������������������������������������� 367*
Schmidt, T��������������������������������������������� 1533*
Schmitt, T C��������������������������������������522, 917
Schmitt, W������������������������������������ 1403, 1877
Schmitz, M����������������������������������������������1141
Schmucker, S S����������������������������������������1319
Schmued, L C������������������������������������������1046
Schmued, L������������������������������������������������544
Schnackenberg, L K��������������������������522, 917
Schnatter, A R�����������������������������������������2658
Schneider, A��������������������������������������������1670
Schneider, A J������������������������������� 1906, 2356
Schneider, A��������������������������������������������1047
Schneider, B�������������������������������������534, 1357
Schneider, J����������������������� 2555*, 2556, 2557
Schneider, J S�������������������������������������������2552
Schneider, M�������������������������� 81, 1996, 2208
Schneider, S���������������243, 1392, 1395, 1396,
2370*
Schnellmann, R G���������������������������543, 2320
Schoeters, G�����������������������������������������������389
Schofield, E������������������������������������������������524
Scholpa, N E��������������������������������������������1244
Scholz, N����������������������������������������������������906
Scholzen, S�����������������������������������������������1557
Schomaker, S J�������������������������������������������538
Schoof, R��������������������������������������������������2112
Schoof, R A���������������������������������������������� 896*
Schopfer, L M������������������������������������������2442
Schrage, A������������������������������������������������1303
Schreiber, T���������������������������������������������2650
Schreiner, C�����������������������������������������������160
Schrenk, D������������������������������������ 1524, 2513
Schrlau, J��������������������������������������������������1494
Schroeter, J D������������������������������������������2637
Schroeter, T���������������������������������������������1153
Schubeler, D������������������������������������������������ 82
Schuchardt, S���������������������������������������������658
Schuchman, E H����������������������������������� 2572*
Schuemann, J������������������������������������������2256
Schuh, R�����������������������������������������������������992
Schulpen, S�������������������������������������������� 2064*
Schulte, C E������������������������������������������� 2004*
Schulte, N A��������������������������������������������1192
Schulte, S��������������������������������������������������1392
Schultz, C R���������������������������������������������1335
Schultz, M������������������������������������������������1333
Schultz, S T������������������������������������������������455
Schulz, M�������������������������������������������������1845
Schulz, S M����������������������������������������������1799
Schulze, J B�������������������������������������������� 2102*

Schuppe-Koistinen, I��������� 370, 1782, 1787*
Schwahn, D J���������������������������������������������303
Schwartz, J�����������������������������������������������1333
Schwartz, J E��������������������������������������������1335
Schwartz, J�������������������� 365, 376, 515, 2037*
Schwarz, M������������������������������������������ 48*, 82
Schwegler-Berry, D�����651, 652, 1055, 1282
Schwiezer, F���������������������������������������������2549
Scialli, A R�����������������������������������������������2185
Scicchitano, M��������������������������������������� 1656*
Scicchitano, M S���������������������������������������421
Scinicariello, F����������������������������������������� 396*
Sciullo, E��������������������������������������������������1135
Sciuto, A���������������������������������������������������2329
Sciuto, A M����������������������������������������������1342
Scoggin, C��������������������������������������������������919
Scognamiglio, J��������������������������������������� 262*
Scollon, E�������������������������������������������������1048
Scott, A���������������������������������������������931, 2648
Scott, C W������������������������������������1137*, 1167
Scott, H������������������������������������������������������710
Scott, K�����������������������������������������������������1841
Scott, P���������������������������������������������689, 1970
Scott, W���������������������������������������������������1658
Scultz, M K����������������������������������������������1335
Seagrave, J������������������������������������� 1797, 2643
Seales, P E��������������������������������������������������893
Seaman, C W����������������������������������������� 1310*
Seaman, C������������������������������������������������1302
Searfoss, G���������������������������������������530, 1710
Searfoss, G H����������������������������������������� 1228*
Seastrum, L������������������������������������������������264
Secretan-Lauby, B�����������������������������������2691
Sedó, L������������������������������������������������������1033
Sedykh, A��������������299, 768, 779*, 780, 1790
Seegal, R F��������������������������������������������� 2515*
Seeger, T���������������������������������������������������1332
Seehase, S����������������������������������������������� 2313*
Seeley, M�������������������������������������������������� 119*
Segal, L��������������������������������������������������� 2237*
Seiler, A����������������������������������������� 1702, 2224
Seiler, A E���������������������������������������������� 1701*
Seilkop, S��������������������������������������� 2638, 2643
Seillier, A����������������������������������������������������455
Seinen, W��������������������������������������������������696
Seinfeld, J�������������������������������������������������1063
Seitis, G����������������������������������������������������2259
Seki, Y������������������������������������������������������2671
Sekowski, J W������������������������������2059, 2063*
Selg, E������������������������������������������������������� 239*
Selgrade, M������������������������������������741, 1736*
Selim, S�����������������������������������������������������1484
Sellamuthu, R������������������������������������������ 232*
Selzer, S������������������������������������������������������524
Semple, H���������������������������������������������� 2408*
Sen, N���������������������������������������������������������993
Sengupta, K�����������������������������������������������270
SenGupta, S���������������������������������������81, 1996
Senn, J���������������������������������������������������� 1154*
Senn, T�����������������������������������������������������2455
Sens, D A����� 1434, 1435, 1436, 1450*, 1451
Sens, M A������� 1434, 1435, 1436, 1450, 1451
Senuma, M����������������������������������������������2550
Seo, J������������������������������������ 547, 2077, 2420*
Seo, Y��������������������������������������������������������2409
Seong, C������������������1211, 2050*, 2052, 2149
Seong, S������������������������������������������������������547
Seow, J������������������������������������������������������2124
Sepulveda, M S����������������������������������������2216
Serchi, T���������������������������������������������������2644
Serda, S M����������������������������������������893, 895*
Serex, T����������������������������������������������������1873
Serex, T L���������������������� 259, 266*, 278, 1872
Serrano, A B��������������������������������������������1103
Servant, G������������������������������������������������2494
Serve, K������������������������������������������762*, 1120
Serve, K M�������������������������������������������������761
Sethi, P�����������������������������������������1404, 1877*
Seto, Y��������������������������������������������������������599
Settivari, R�����������������������������������������������1016
Settivari, R S��������������������������������1939, 2624*
Setzer, R W�������������������������������������������������� 67
Setzer, R���������������������������������������������������2632
Setzer, W����������������������������������������������������444
Severson, P�������������������������������������������� 1254*
Sew, T���������������������������������������������������������979
Sewald, K�����������������������������������������137, 2313
Sexton, K��������������������������������������������������1291
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Sexton, K G�������������������������������������164, 1739
Sey, Y M�����������������������������������������������������151
Seyler, N���������������������������������������������������1323
Seyock, S����������������������������������������������������661
Shaddock, J G������������������������������������������2080
Shafer, T J�������������������������������������������������2534
Shafer, T�����������������������������������������������������589
Shafer, T J���������������������������� 1044, 1045, 1732
Shah, D���������������������������������������������604, 2429
Shah, H������������������������������������������������������540
Shah, I��������������������������� 444*, 485, 783, 2632
Shah, K�������������������������������������������������������280
Shah, N�������������������������������������������������������709
Shah, P�����������������������������������������������������2429
Shah, P P����������������������������������������������������618
Shah, R�������������������������������������������������������780
Shah, R R�����������������������������������������479, 1225
Shaiba, L A��������������������������������������������� 2551*
Shakarjian, M P��������������������������������������2147
Shama, N���������������������������������������������������356
Shaner, B E�����������������������������������������������2320
Shang, J����������������������������������������������������1465
Shang, P���������������������������������������������������1843
Shank, R C�������������������������������������������������788
Shankaran, H����������������������������������202, 851*
Shanle, E��������������������������������������������������1127
Shanle, E K���������������������������������������������� 173*
Shannahan, J H���������������������������� 1053, 2639
Shannon, K����������������������������������������������2677
Shao, J������������������������������������������������������� 650*
Shapira, E���������������������������������������������������720
Shapiro, A M����������������������������������������� 1955*
Shapiro, D������������������������������������������������ 195*
Shapiro, I������������������������������������������������ 1483*
Sharapova, T��������������������������������� 1710, 1712
Sharma, A M����������������������������������������� 1643*
Sharma, A K����������������������������������������������449
Sharma, D R��������������������������������1023*, 2532
Sharma, G������������������������������������� 1361, 1368
Sharma, L���������������������������������������������������712
Sharma, L K��������������������������������������������� 713*
Sharper, V A��������������������������������������������2252
Sharpless, N���������������������������������������������2299
Shaw, J������������������������������������������������������1464
Shaw, J R������������������������������������������������ 2181*
Shaw, L�������������������������������������������������������264
Shaw, P K�������������������������������������������������1809
Shea, K�����������������������������������������������������1504
Shearn, C T������������������������������������������������373
Sheasgreen, J�������������������������������1322, 1866*
Sheehan, P����������������������������������������������� 101*
Sheehy, S������������������������������������������������ 1158*
Sheibani, N��������������������������������������702, 1538
Sheik Mohideen, S����������������������������������1175
Shelton, P M������������������������������������������ 2140*
Shen, C���������������������������������������������969, 1245
Shen, H�����������������������������������������������������2238
Shen, M����������������������������������������������������2449
Shen, S������������������������������������������������������ 508*
Shen, Z�����������������������������������������������������1872
Shenton, J�������������������������2614*, 2617, 2618*
Shenton, J M�������������������������������������������������� 9
Shepherd, D M����������������������������������������1569
Shepperly, D����������������������������������������������129
Shertzer, H G���������������������������������������������497
Sherwood, C������������������������������������������ 1457*
Shetty, A K�����������������������������������������������2528
Shetty, G��������������������������������������������������� 208*
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South, M����������������������������������������������������764
Southworth, H�������������������������������������������� 63
Souza, A O��������������������������������������������� 2041*
Sowa, M B��������������������������������������������������202
Spankie, S���������������������������������������������������854
Sparvero, L J������������������������������������������ 1182*
Spear, W C�����������������������������������������������1198
Speirs, I C������������������������������������������������1357
Spence, S��������������������������������������468*, 2248*
Spencer, P J����������������������������������������8*, 1891
Spézia, F���������������������������������������������������1920
Spieker, J��������������������������������������������������1315
Spire, C�����������������������������������������������������1710
Spitsbergen, J M����������������������������������������845
Spitz, D R�������������������������������������� 1199, 2047
Spjuth, O����������������������������������������������������289
Spohr, C�����������������������������������������������������593
Spooner, N�����������������������������������������������1868
Sprando, R L��������������������������������������������2398
Spratt, M��������������������������������������������������1586
Spridgen, E����������������������������������������������2260
Spring, P�����������������������������������������������������573
Springer, D L���������������������������������������������202
Spulber, S�����������������������������������������590*, 955
Squibb, K S�������������������������������������������� 2497*
Sram, R J��������������������������������������������������1230
Sreevalsan, S������������������������������������������ 1986*
Sridhar, J��������������������������������������������������1526
Srininvasan, V�������������������������������������������253
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Srinivasan, V���������� 37*, 250, 596, 597*, 600
Staal, Y������������������������������ 1363, 1844, 2330*
Stabler, L����������������������������������������������������281
Stack, F������������������������������������������ 1856, 1858
Staelens, L������������������������������������������������2258
Stagg, N J�����������������������������������2590*, 2727*
Stahl, S������������������������������������������� 1143, 1144
Staley, J L��������������������������������������������������1891
Stallons, L J���������������������������������������������� 543*
Stamatis, M����������������������������������������������2164
Stamou, M��������������������������������������������� 1536*
Stampfl, M�����������������������������������������������2647
Stanko, J P���������������������������������������������� 2385*
Stanley, J K�����������������������������������������������1382
Stanley, J A������������������������������������ 2392, 2393
Stanley, S C���������������������������������������������� 669*
Stannard, D R������������������������������������������1399
Stansfield, K������������������������������������������� 2559*
Stansfield, K H����������������������������������������1007
Stanton, B������������������������������������������������1464
Stapleton, H L�����������������������������������������1927
Stapleton, H M����������������������������������������1708
Stapleton, P��������������������������������������929, 1501
Stapleton, P G�������������������������������� 924*, 925*
Star, A�����������������������������������������������669, 1279
Stark, G������������������������������������������������������399
Starr, J M��������������������������������������������������1878
Starr, T������������������������������������������������������1970
Staska, L M������������������������������������������������265
States, J��������������������������������������������������� 2049*
Stavanja, M����������������������������������������������2685
Stedman, D������������������������������������������������798
Steevens, J A��������������������������������������������1382
Stefani, J���������������������������������������������������2439
Stefaniak, A B��������������������������������������������651
Stefanick, D������������������������������������������������� 21
Steffen, M C���������������������������������������������1741
Steffy, D A������������������������������������������������1078
Stegeman, J J��������������������������������� 1183, 1529
Steiglitz, B����������������������������������������577, 1351
Stein, A����������������������������������������������������� 405*
Steinberg, B�����������������������������������������������294
Steinbruck, A�������������������������������������������1366
Steinmetz, K L�������������������������������������������728
Steinmetz, K�������������������������������������������� 909*
Steinritz, D�����������������������������������������������1334
Stemmer, P����������������������������������������������1641
Stenerlöw, B�����������������������������������������������209
Stenius, U�������������������������������������������������2212
Stenoien, D L���������������������������������������������202
Stephani, R�����������������������������������������������2327
Stephani, R A���������������������������������������������994
Stephen, M�����������������������������������������������2628
Stephens, M�����������������������������������������������133
Stephens, M L������������������������������������������2183
Stepita, R��������������������������������������������������1937
Stern, M�����������������������������������������������������539
Sternberg, M��������������������������������������������2628
Steup, D������������������������������������������������������160
Stevens, A���������������������������������������������� 1834*
Stevens, G J����������������������������������2268*, 2575
Stevens, J L������������������������������������ 2048, 2055
Stevens, J R������������������������������������������������966
Stevens, T����������������������������������������������� 2636*
Stewart, B����������������������������������������������� 2447*
Stewart, C A�������������������������������������������� 574*
Stewart, S�������������������������������������������������1517
Stewart, Z�������������������������������������������������1571
Stiegelmeyer, S M�����������������������������������1225
Stifelman, M������������������������������������������ 1489*
Stinchcombe, S�������1395*, 1396, 2343, 2370
Stockelman, M G������������������������������������2491
Stoeckli, M�����������������������������������������������2256
Stoeger, T���������������������������������������������������338
Stoffregen, D���������������������������������������������715
Stokes, A������������������������������������������������ 1868*
Stokes, W���������������1822, 1823, 1853*, 1856,
1857, 1858
Stolberg, T�����������������������������������������������2247
Stolte, M�����������������������������������������������������546
Stone, M���������������������������������������������������1333
Stone, S Z���������������������������������������������������280
Stone, V������������������������������������������������������338
Stoopen, G�����������������������������������������������1837
Storer, R D���������������� 79*, 1696*, 1979, 1980
Stork, L G�������������������������������������������������1731
Stout, K A������������������������������������������������1043
Stout, M���������������������������������������������������2492

Stoute, M��������������������������������������������������1057
Stoyanovsky, D����������������������������������������2036
Stoyanovsky, D A������������������������������������2035
Stølevik, S B���������������������������������������������1580
Straif, K����������������������������������������������������2691
Strauss, V���������222, 246, 1395, 2203, 2204*,
2249, 2640
Streicker, M���������������������������������������������2369
Striano, K�������������������������������������������������1979
Strickland, J������������1853, 1856, 1857, 1858*
Stricklin, D L������������������������������������������� 203*
Strock, C J������������������������������������������������ 607*
Strohmaier, C������������������������������������������1959
Strom, S C��������������������������������������������������510
Ström �������������������������������������������������������2618
Strömqvist, M���������������������������������������� 1907*
Stromsdorfer, K���������������������������������������2376
Strupp, B��������������������������������������������������1773
Strupp, C��������������������������������������������������1399
Stubbs, A����������������������������������������������������980
Stubbs, M�������������������������������������������������2116
Stueckle, T���������������������������������������333, 1282
Stueckle, T A����������������������������������������� 1265*
Stump, S�����������������������������������������������������102
Stutz, J P���������������������������������������������������2055
Styblo, M��������220, 1439, 1453, 2583, 2586*,
2587, 2588
Stýblo, M��������������������������������������������������1449
Su, C������������������������������������ 1298, 2039, 2040
Su, J���������������������������������������� 760, 2021, 2453
Su, S�������������������������������������������������������� 1535*
Su, Z����������������������������������������������������������1716
Subbarayalu, P�����������������������������������������2347
Subramaniam, A�������������������������������������1759
Subramaniam, V�������������������������������������1283
Subramanian, K��������������������������������������1175
Suda, M������������������������������������������������������277
Suganuma, A�������������������������������� 1040, 2671
Sugaya, C������������������1032, 1203, 1911, 2488
Suggaravetsiri, P���������������������������������������115
Sugimoto, N����������������������������������������������336
Sugimoto, T���������������������������������������������2352
Sugita-Konishi, Y�����622, 1032, 1097*, 1203
Sugiuchi, J��������������������������������������������������360
Suh, M����������������������������������������� 96, 433, 434
Suh, N�������������������������������������������������������2674
Suhonen, S�������������������������������������������������339
Sui, A����������������������������������������������������������951
Sui, G��������������������������������������������������������2487
Sukhija, H���������������������������������������������� 1287*
Sukhija, H R��������������������������������������������1812
Sulentic, C������������������������������������������������1130
Sulentic, C E��������������������������������1618, 1627*
Sulentic, C W������������������������������������������2184
Sullivan, A K�������������������������������������������2209
Sullivan, B P�������������������������������������������� 915*
Sullivan, D�����������������������������������������������2473
Sullivan, T������������������������������������������������1154
Sulsky, S�������������������������������������������������������� 62
Sultana, R�������������������������������������������������1268
Sumedha, G S������������������������������������������2179
Sumida, K������������������������������������������������2008
Sumner, S���������������������������������� 926, 927, 928
Sumner, S C��������������������������������������������� 666*
Sumner, S J����������������������������������������448, 664
Sun, B������������������������������������ 633*, 932, 2648
Sun, D�������������������������������������������� 1195, 2444
Sun, G���������������������������������������������������������718
Sun, H����������������������������������������������767, 1740
Sun, J����������������������������������������� 522, 914, 917
Sun, L��������������������������409, 1149, 1150, 2257
Sun, R���������������������������������������������������������700
Sun, Y�������������������������������������������1446, 2078*
Sundell-Bergman, S����������������������������������209
Sunkaria, A����������������������� 1023, 2532*, 2533
Sunshine, G���������������������������������������������1776
Suntres, Z E��������������������������������������������� 257*
Sura, R������������������������������������������������������1983
Surh, I����������������������������������������������������� 2660*
Surratt, J���������������������������������������������������1063
Suter, L������������������������������������������ 1141, 1146
Suter, W���������������������������������������������������2704
Suter-Dick, L����������������������������������������� 1714*
Suther, S���������������������������������������������������1126
Sutherland, J E����������������������������1634*, 2266
Sutherland, K���������������������������������������� 1070*
Sutter, C H�������������������������������� 124, 142, 581
Sutter, T R��������������������������������� 124, 142, 581

Suva, L��������������������������������������������������������356
Suzuki, G����������������������������������������������� 2232*
Suzuki, S������������������������������������������������� 2657*
Suzuki, T��������������������������������������������������2000
Suzuki, Y������������������������������������������622, 2504
Sveje, K M������������������������������������������������2679
Svendsen, C���������������������������������������������2086
Svoboda, K K�������������������������������������������1339
Svoboda, M����������������������������������������������2586
Swaminathan, H������������������������������������� 586*
Swanson, A����������������������������������������������1922
Swanson, A J��������������������������������������������1918
Swauger, J E���������������������������������������������1500
Sweeney, T D�������������������������������������������2269
Sweep, F C�����������������������������������������������2201
Swenberg, J����������������������������������������������2663
Swenberg, J A�����������1739, 2451, 2649, 2689
Swenson, T�������������������������������������������� 1406*
Swerdlow, R���������������������������������������������1461
Switalla, S�����������������������������������������137, 2313
Swomley, A M�����������������������������������������1268
Sydlik, U�������������������������������������������������� 722*
Sykes, G P����������������������������������������259, 1111
Szabo, D T�������������������������������������479*, 1102
Szalowska, E������������������������������������������ 1837*
Szklarz, G�������������������������������������� 2127, 2143
Szkudlinska, A����������������������������������������2098

T

Ta, A���������������������������������������������������������1882
Taalman, R�������������������������������������������������245
Tablin, F���������������������������������������������������1061
Tachiki, H������������������������������������������������2307
Tachosvsky, A��������������������������������������������853
Tachovsky, A���������������������������������������������108
Tachovsky, J A�����������������������������������������1725
Taghizadeh, K��������������������������������������������� 22
Tahara, H���������������������������������������������������369
Tailhardat, M���������������������������������������������245
Tait, L J�����������������������������������������������������2561
Takagi, H������������������������������� 594, 599, 2302*
Takahashi, M���������������������� 1626, 1982, 2391
Takahashi, S���������������������������������������������2657
Takahashi, T������������������������������������������ 1437*
Takami, S���������������������������������������������������337
Takanashi, S�����������������������������������������������309
Takano, H��������������������������������������������������718
Takao, K�����������������������������������������������������327
Takashi, T������������������������������������������������2469
Takashima, H������������������������������������������2550
Takashima, Y�������������������������������������������2278
Takasu, S������������������������������������������947, 2446
Takenouchi, O�����������������������������������������1318
Takeshita, H���������������������������������������������2057
Takeshita, K���������������������������������������������2657
Takeshita, M��������������������������������1101*, 2030
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Takeuchi, S�����������������������������������1626, 2187*
Takeya, M������������������������������������������������2466
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Tanaka, A�������������������������������������������������1101
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Tang, T�������������������������������������������������������462
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Taylor, L���������������������������������������� 1617, 1942
Taylor, M������������������������������������� 62, 577, 580
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Thompson, J��������������������������������������������1981
Thompson, K������������������������������1710*, 1711
Thompson, K E��������������������������������������� 874*
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Tian, Y���������������������������������������������������� 2176*
Tibbett, J����������������������������������������������������993
Tice, R����������������������������������������������612, 2081
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Timme-Laragy, A R��������������������1183*, 1912
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ARE Assay������������������������������������������ 2624
ARE receptor�������������������������������������� 1312
arginine������������������������������������������������� 526
Arginine-vasopressin������������������������ 2188
Aristolochic Acid������������������������������� 2080
arl hydrocarbon receptor (AhR)�������� 680
ARNT�������������������������������������������������� 1981
ARNT2������������������������������������������������ 1978
aromatase����������������������������������2207, 2390
Aromatase Inhibitor�������������������������� 2142
aromatic amines��������������������������������� 1769
Aromatic Hydrocarbons������������������� 2613
arrhythmia���������������������������������� 230, 1512
arrhythmia analysis����������������������������� 410
Arsenic����������27, 220, 399, 427, 499, 738,
856, 893, 1247, 1254, 1432, 1433, 1438,
1439, 1440, 1441, 1443, 1445, 1446,
1447, 1448, 1449, 1454, 1455, 1456,
1457, 1458, 1459, 1460, 1461, 1462,
1463, 1464, 1488, 1519, 1601, 1646,
1775, 1908, 2000, 2075, 2078, 2141,
2215, 2478, 2480, 2585, 2586, 2589,
2662, 2665, 2702
arsenic (+3 oxidation state)
methyltransferase������������������1465, 2587
arsenic exposure������������1442, 2444, 2588
arsenic metabolism����������������������������� 774
Arsenic methylation����������������2583, 2584
arsenic species������������������������������������ 1453
Arsenic toxicity���������������������������������� 2584
arsenicosis��������������������������640, 641, 2093
Arsenite��������������������������1434, 1435, 1436,
1437, 1450, 1451, 2550
arthoplasty�������������������������������������������� 385
aryl hydrocarbon receptor��������� 190, 191,
561, 619, 1918, 2128, 2153, 2158, 2465
Aryl hydrocarbon receptor (AhR)��� 178,
180, 964, 1087, 1801, 2160
arylamines������������������������������������������ 1534
As3MT������������������������������������������������ 2583
Asbestos������������ 438, 758, 761, 762, 1120,
1574, 1629, 1630, 1649, 2116,
2639, 2645
asbestos fibers�������������������������������������� 260
asialoglycoprotein�������������������������������� 445
Asian Episkin������������������������������������� 1326
Asian sand dust������������������������������������ 718
aspirin������������������������������������������������� 2007
Asthma���������������������������������135, 722, 735,
747, 1844, 2452
astrocyte������������������������������������2537, 2540
astrocytes�������������������������������������������� 2476
atherogenesis�������������������������������������� 1518
Atherosclerosis����� 399, 1442, 1500, 1511,
1778, 2524, 2638
ATM, ATR, DNA-PKcs��������������������������24
Atopic dermatitis���������������646, 756, 2420
Atorvastatin���������������������������������������� 2307
ATP-binding cassette
transporters��������������������������������������� 790
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atrazine����������������������������471, 1075, 2216,
2374, 2543, 2544
attention deficit hyperactivity
disorder�������������������������������������������� 1902
atypical antipsychotics������������������������ 367
Au Nanoparticles������������������������������� 1814
AUC����������������������������������������������������� 1880
Auranofin��������������������������������������������� 360
authenticity��������������������������������������� 14, 18
autism������������������������������������������ 455, 2019
autoantibodies�������������������������������������� 762
Autoimmune������������������������������ 758, 2437
autoimmune disease�������������������������� 2582
autoimmune diseases�������������������������� 720
autoimmunity��������� 757, 761, 2577, 2578
Automated Imaging Analysis������������� 609
automation����������������������������������������� 1662
autonomic��������������������������������������������� 241
autonomic function����������������������������� 403
Autophage������������������������������������������ 1504
autophagy����������������� 645, 668, 983, 1136,
2047, 2141, 2665
Avian Toxicity��������������������������1081, 1090
AVPV�������������������������������������������������� 1900
axon growth��������������������������������������� 1290
AZFc���������������������������������������������������� 2342
B cell������������������������������������������1320, 1627
B cell activation���������������������������������� 1620
B Cell Development�������������������������� 2493
B cells����������������������������������������1618, 1640
b-lactamase����������������������������������������� 1137
B-raf����������������������������������������������������� 1163
B1a B cell�������������������������������������������� 1649
Background���������������������������������������� 2316
Background data����������������������2265, 2286
Bacopa monniera������������������������������� 2136
Bacteria������������������������������������������������� 968
Baikal seal�������������������������184, 1542, 1545
bait��������������������������������������������������������� 102
BALF������������������������������������������� 225, 2105
Bardoxolone Methyl�������������������������� 2135
baroreflex�������������������������������������� 861, 930
Basal cells�������������������������������������������������50
Base Repair����������������������������������������������20
basic Helix-loop-helix transcription
factor������������������������������������������������ 1236
Bax��������������������������������������������������������� 960
Bayesian analysis������������������������������������67
Bayesian network analysis���������������� 1789
BBDR modeling����������������������������������� 439
Bcl-2���������������������������������������������������� 2144
BCL-6�������������������������������������������������� 1635
Bcl2������������������������������������������������������ 1447
BCOP������������������� 1303, 1304, 1308, 1311
BCRP�����������������������������������������1410, 1888
BDE-99 in vitro metabolism������������ 1548
BDH���������������������������������������������������� 1228
BDNF����������������������������������������1007, 2559
BEAS-2B�����������������������������������1850, 2475
Bee colonies������������������������������������������ 909
behavior������������������ 209, 590, 1923, 1947,
1952, 1964, 2544, 2714
behavior effects������������������������������������ 159
behavioral experience����������������������� 2553
Behavioral Ontogeny������������������������ 1933
Benchmark dose�������������������������������� 2212
benchmark dose analysis�������������� 99, 103
benchmark dose modeling����������������� 338
BeneFIX���������������������������������������������� 2257
Benign Prostatic Hyperplasia������������ 701
bentonite��������������������������������������������� 1114
Benzene����������������� 145, 1235, 1602, 1893,
1894, 2106, 2120, 2658, 2677, 2700
benzene metabolites�������������������������� 2456
benzisothiazolinone���������������������������� 273
Benzo(a)pyrene���������������163, 1263, 1513,
1993, 2354, 2684, 2697
Benzo[a]pyrene������������������������2389, 2671
benzo[a]pyrene-7,
8-dione�����������������������������������1552, 2688
benzophenone�������������������������������������� 118
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benzopyrene��������������������������������������� 1559
Benzoquinone���������������������������� 742, 2456
Benzyl isothiocyanate����������������������� 1241
beta-Catenin�����������������������������2357, 2664
beta-cell����������������������������������������������� 2215
Betulinic acid������������������������������������� 1987
Bifenthrin������������������������������������������� 1405
Bile acid����������������������������������������� 510, 957
Bile acid homeostasis�������������������������� 358
Bile acid transporter���������������������������� 965
Bile Acids������������������������������498, 509, 538
Bile Duct Hyperplasia������������������������� 538
bilirubin������������������������������������2321, 2630
Binary Mixtures��������������������������������� 2535
bio fuels����������������������������������������������� 1095
bioaccessibility���������������������853, 894, 897
Bioactivation�������������������������������������� 1553
Bioactive ingredients������������������������� 2022
Bioassay������������������������������������������������� 172
bioavailability��������������856, 892, 893, 896,
1097, 1462, 1480, 1488, 1489,
1530, 1844
Biobank material������������������������������� 2460
Biocide������������������������������������������������ 1891
Biocompatibility������������������378, 382, 387
biocompatible nanomaterials������������� 823
Biodiesel������������������� 227, 230, 2312, 2443
Biodiesel exhaust��������������������������������� 233
Biodistribution���������������������91, 336, 1944
bioequivalence����������������������������������� 1880
Bioequivalency����������������������������������� 2307
Biofuel��������������277, 446, 862, 1946, 1950
biofuels������������������������������������������������ 1947
bioinformatics tools���������������������������� 282
biokinetics���������������������������������� 598, 1365
biologic therapeutic����������������������������� 583
biological modeling���������������������� 92, 132,
441, 783, 1821, 2589
biological monitoring����������������������� 2458
Biologically-Based Dose
Response������������������������������������������ 2632
biologicals, biologics��������������������������� 577
Biologics��������������������� 11, 874, 1058, 2731
biologie moléculaire�������������������������� 1325
biomarker��������������������240, 328, 419, 447,
524, 530, 538, 539, 542, 547, 548, 549,
554, 555, 557, 620, 1164, 1208, 1224,
1432, 1482, 1508, 1655, 1658, 1660,
1711, 1712, 1714, 1716, 1973, 2002,
2333, 2437, 2439, 2444, 2453, 2603,
2604, 2606
Biomarker and Biomonitoring���������� 389
Biomarker of exposure�����������2440, 2441,
2449, 2451
Biomarker Qualification������������������� 2607
Biomarker Translation���������������������� 2601
Biomarkers������������������������2, 92, 326, 370,
413, 501, 522, 534, 535, 536, 543, 550,
715, 917, 1048, 1206, 1418, 1485, 1713,
1715, 1750, 1768, 1782, 1783, 1784,
1804, 2436, 2438, 2448, 2452, 2455,
2460, 2601, 2602, 2639, 2707
biomonitoring�����������������������66, 132, 442,
851, 852, 1414, 1473, 1477, 1482, 1484,
1486, 1735
Biomonitoring Equivalent������������������ 855
biopesticides��������������������������������������� 1428
biosimilar���������������������������������������������� 883
Biosimilars����������� 881, 882, 884, 885, 886
Biota������������������������������������������������������ 161
Biotechnology��������������������������2594, 2727
bioterrorism��������������������������������������� 1567
biotherapeutic���� 1668, 1669, 1670, 1671,
1744, 1745, 1746, 1747, 1748
biotherapeutics��������������1667, 1749, 1750
Biotransformation��������1313, 1405, 1533,
1544, 1613
Biphallia���������������������������������������������� 1089
bird������������������������������������������������������ 1529
birds������������������������������������������������������� 281
birth control��������������������������������������� 2365
BisGMA������������������������������������������������ 384

Bisohenol-A, Abc transporters,
perinatal exposure�������������������������� 1915
bispecific��������������������������������������������� 1670
Bispecific T-cell engaging����������������� 1746
Bisphenol A����482, 747, 851, 1196, 1238,
1477, 1478, 1510, 1544, 1717, 1719,
1720, 1721, 1722, 1723, 1724, 1735,
1952, 1953, 1955, 2373
bisphenol-A������������������������������1122, 1954
Black Cohosh������������������������������������� 2336
bladder������������������������������������������������ 1452
bladder cancer����� 1433, 1434, 1435, 1436
bladder epithelium���������������������������� 1453
Blast Injury������������������������������������������� 715
Bleomycin����������������������������������� 689, 1270
blood�����������������������������������������2462, 2463
Blood Brain Barrier�����������������1289, 1886
Blood Cadmium���������������������������������� 396
Blood Lead������������������������������������������� 396
Blood Pressure������� 407, 727, 1513, 2245,
2255
blood-brain barrier������������������� 335, 1884
Blood-Cerebrospinal
Fluid Barrier������������������������������������ 1010
Blood-CSF Barrier����������������������������� 1000
Blood-testis barrier��������������������������� 2201
BMAA��������������������������������������������������� 976
BMP������������������������������������������������������� 546
Body Temperature����������������������������� 2263
bone�������������������������������������185, 356, 1911
Bone loss��������������������������������������������� 2402
bone marrow�������������������������������������� 2613
Bone marrow
progenitor cells����������������������1570, 2610
bone marrow-dedrived
dendritic cells���������������������������������� 2315
Boolean Networks������������������������������� 783
Boric Acid��������������������������������������������� 865
boron��������������������������������������������������� 1116
botanical��������������������������������������������� 2736
botanical extracts��������������������������������� 597
botanical polyphenols������������������������� 276
botanical quality�������������������������������� 2734
botanicals���������������������������������������������� 253
botulinum toxin��������������������������������� 2253
bovine corneal opacity and
permeability test����������������������������� 1309
BPA��������������������������������������������1257, 1718
Brain�� 212, 1073, 1536, 1958, 2296, 2466
Brain Metabolites�������������������������������� 997
breast cancer��������������������������81, 173, 644,
799, 800, 801, 802, 803, 804, 805, 1718,
1978, 1989, 1996, 2002, 2006, 2017,
2401, 2668, 2674
breast carcinogenesis������������������������� 2659
breast tissue���������������������������������������� 2202
Bromate�������������������������������������1219, 1244
brominated����������������������������������������� 2506
Brominated Diphenyl Ether-47������� 2386
Brominated flame retardants��� 275, 2511
Brominated phenols�������������������������� 1476
bromochloromethane������������������������� 441
Bromopropane��������������������������� 684, 1175
Bronchial epithelial cells������������������� 2148
Bronchoalveolar lavage��������������������� 1594
bronchoalveolar lavage fluid cells��� 2323
Brownfield soils����������������������������������� 897
BSEP���������������������������������������������������� 1786
burn����������������������������������������������������� 2411
Burn wound����������������������������������������� 618
butadiene�������������������������������������������� 2689
Butylparaben�������������������������������������� 1890
butyrylcholinesterase������������������������ 2442
c-abl����������������������������������������������������� 1506
C-DIM������������������������������������������������ 1976
C-reactive protein�������������������������������� 343
C. elegans��������605, 626, 628, 1003, 2531,
2541, 2542
C60 Fullerenes����������������������������� 927, 928
Caco-2 cells���������������������������������������� 2479
Caco-2/HT29-MTX���������������������������� 314
Caco2 cells������������������������������������������ 1404

cadmium���������������������������������������������� 397,
614, 959, 1222, 1239, 1246, 1255, 1370,
1434, 1435, 1436, 1450, 1451, 2039,
2054, 2073, 2150, 2159, 2194, 2212,
2479, 2481, 2482, 2483, 2485
Cadmium (Cd)���������������������������������� 1205
Caesalpinia bonduc��������������������������� 2405
Caffeic acid phenethyl ester����� 947, 2396
caffeine���������������������������������������� 102, 2409
calcineurin activity������������������������������ 539
Calcite������������������������������������������������� 1059
calcium��������������������������������������1637, 2490
Calcium channels������������������������������ 1018
Calcium influx����������������������������������� 2718
Calcium signaling������������������������������ 1962
California’s agricultural industry������� 909
calmodulin������������������������������������������� 922
caloric restriction�������������������������������� 502
calorie restriction�������������������������������� 358
Calprotectin������������������������������������������ 548
CAMVA���������������������������������������������� 1304
Cancer����������������������������������56, 57, 58, 59,
402, 707, 1266, 1426, 1977, 1986, 1994,
2237, 2655, 2691
cancer clinical trial������������������������������ 822
Cancer mode of action���������������������� 1983
Cancer Potency������������������������������ 99, 101
Cancer Prevention����������������������������� 2004
cancer risk�����������������������������������������������55
cancer risk assessment������136, 391, 2651
Cancer stem cells������������������������������� 1988
Cancer therapeutics�������������������������������24
cancer therapy������������������������������ 313, 656
cancer, genotoxic,�������������������������������� 287
Candida������������������������������������������������� 967
cannabinoid 1 receptor��������������������� 2250
Cannabinoids����������������1620, 1621, 1633,
1644, 1986
canola�������������������������������������������������� 1111
CAR��������������������������������������������� 196, 1982
caramiphen����������������������������������������� 1335
Carbamate pesticides������������������������ 2543
Carbamates�������������������������������1493, 2101
Carbaryl��������������������������2440, 2569, 2570
Carbofuran��������������������������������� 940, 1427
carbon���������������������������������������1287, 1812
carbon based nanomaterials�������������� 308
carbon black����������������������������������������� 237
carbon capture����������������������������������� 1062
Carbon Dioxide��������������������������������� 2375
carbon disulfide����������������������������������� 123
carbon monoxide���������������������1072, 2375
carbon nanomaterials������������������������� 926
carbon nanotube�����������������314, 336, 664,
1282, 1810
Carbon nanotubes��� 339, 654, 668, 1265,
1276, 1296, 1377, 1382, 1814
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CYP������������������������������������������������������� 369
CYP induction�������������������������1534, 2631
CYP P450�������������������������������������������� 1170
CYP1A1����������������� 187, 1556, 2158, 2396
CYP1A2������������������������������������������������ 511
Cyp1b1����������������� 2156, 2169, 2172, 2401
CYP2��������������������������������������������������� 1545
CYP2A5���������������������������������������������� 2680
CYP3A�������������������������������������������������� 602
CYP3A4������������������������������������������������ 606
CYP3A4 expression��������������������������� 1540
CYP450�����������������������������767, 1793, 1998
CYP450 polymorphisms�������������������� 130
CYP4V2���������������������������������������������� 1541
Cyp7a1�������������������������������������������� 28, 358
Cystic fibrosis������������������������������������� 2322
Cytcochrome P450���������������������������� 1942
cyto-genotoxicity����������������������� 330, 2155
Cytochrome P450�������������514, 737, 1092,
1441, 1525, 1526, 1528, 1529, 1533,
1536, 1537, 1542, 1546, 1548, 1557,
1561, 1691, 1850, 2397, 2465, 2659,
2687
Cytochrome P450 1A1������������������������ 426
Cytochrome P450 1B1���������������������� 1538
cytochrome P4501A����������������1554, 1555
Cytochrome P4501A1������������������������� 183
cytochrome P450s����������������������������� 1539
Cytochromes P450���������������������������� 1551
cytokine�������������������� 68, 460, 1320, 1842,
2021, 2622
cytokine storm����������������������������������� 1141
Cytokines��������706, 725, 735, 1061, 1586,
1634, 2218
Cytokinesis block
micronucleus assay������������������������� 2094
cytometry�������������������������������������������� 1590
cytoprotection������������������������������������ 1189
cytoprotective genes���������������������������� 812
cytoskeleton������������������������������1269, 1538
cytosol��������������������������������������������������� 276
Cytotoxic activity������������������������������� 2405
Cytotoxic T Lymphocytes (CTL)����� 1574
cytotoxicity����������� 69, 309, 315, 377, 649,
655, 659, 1221, 1275, 1359, 1456, 1606,
1826, 1842, 1843, 2090, 2526, 2575,
2666, 2667, 2701
cytotoxicity profiling��������������������������� 170
Cytotoxicity screening������������������������ 779
Cytotoxicity testing��������������������������� 1156
damage checkpoint������������������������������ 632
damage-associated
molecular pattern��������������������������� 2147
Danio rerio�������������������������������������������� 168
Daphnia magna������������������������� 308, 1076
Daphnia reproduction test��������������� 2190
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Data����������������������������������������������������� 2316
Data Driven Models�������������������������� 1160
Data Fusion������������������������������������������ 131
data integration���������������������������� 282, 295
Data Quality����������������������������������������� 297
Data-Derived Extrapolation
Factor�������������������������������������������������� 142
data-exchange standard���������������������� 285
Database������������������������������������� 285, 2597
Database Development����������������������� 295
Database Mining������������������������������� 2264
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Death Proteins������������������������������������� 921
decabrominated diphenyl ether��������� 275
Decision Support��������������������������������� 289
Decision Tree��������������������������������������� 253
Decitabine������������������������������������������� 2267
decorporation������������������������������������ 2271
DeepWater Horizon������������������� 105, 904,
1758, 1901
DEET��������������������������������������������������� 2528
DEL Assay������������������������������������������ 1156
Delayed-type Hypersensitivity�� 74, 2617
Delta-9-tetrahydrocannabinol��������� 1645
Deltamethrin������������������1401, 1402, 2526
dendrimers����������������������������������������� 1273
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dendritic cells�����������������1279, 1586, 1624
Dendritic impairment����������������������� 1381
dental material������������������������������������� 384
Deoxynivalenol��������������1106, 1109, 2023
depleted uranium�������������������������������� 954
Depression������������������������������������������ 1928
Dermal������������������������������565, 1292, 2293
Dermal Absorption��������������������� 567, 658
dermal adherence������������������������������ 1489
Dermal lesion������������������������������������� 2093
Dermal Model������������������������������������ 1831
Dermal Penetration����������������������������� 568
Dermal Sensitization���������262, 763, 1315
Dermal toxicity����������������559, 1427, 1856
dermatology��������������������������������������� 1855
developing brain�������������������������������� 1967
Development���� 51, 207, 470, 1074, 1091,
1529, 1794, 1903, 1910, 1911, 1933,
1936, 1958, 2385, 2488, 2563
development neurotoxicity���������������� 209
development origins of health and
disease������������������������������������������������ 471
development toxicity������������������������� 2372
developmental�������� 475, 478, 1949, 1957,
2565
developmental & reproductive
toxicity������������� 48, 336, 472, 2374, 2380
developmental and reproductive
toxicity�����1395, 1396, 1665, 2367, 2388
developmental and reproductive
toxicology�������������������������������� 732, 1686
Developmental Basis of Disease�������� 480
developmental cardiotoxicity����������� 1904
Developmental delay������������������������� 1902
developmental exposure����������� 556, 1948
developmental immunotoxicity������ 1639
developmental neurotoxicity������������ 590,
1703, 1707, 1708, 1931, 1951, 2554,
2562, 2566, 2650
developmental reprogramming��������� 804
Developmental Toxicity��������������������� 243,
589, 874, 1090, 1477, 1905, 1912, 1914,
1916, 1939, 2252
Developmental Toxicology������ 871, 1107,
1792, 1896, 1922, 1937, 1944, 2067,
2557, 2287
developmental/teratology����������������� 2370
dextran sulfate sodium��������������������� 2671
DFP������������������������������������940, 2529, 2530
di-2-ethylhexyl phthalate������������������� 153

Diabetes�����������������������������25, 27, 29, 396,
725, 959, 1214, 1226, 1439, 2138, 2146,
2186, 2194, 2215, 2583, 2587
diabetes mellitus����������������������1176, 2588
diabetic testis�������������������������������������� 2350
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Dichlorvos������������������������������������������ 2532
Diclofenac���������������������������������1525, 1825
diclofenac-induced liver cell death��� 488
Dicyclohexylamine������������������������������ 567
diesel����������������������������������323, 2642, 2643
diesel exhaust�������� 193, 1293, 1498, 2636
Diesel exhaust particulates��������������� 1499
diet�������������������������������������344, 1250, 2011
diet-induced obesity�������������������������� 2061
Dietary������������������������������������������������ 2512
Dietary intake������������������������������������ 2119
Dietary metal exposure��������������������� 1491
dietary supplement�������14, 15, 16, 17, 18,
2398
dietary supplementation��������������������� 216
dietary supplements�������������������������� 2734
dietary triglycerides�������������������������� 1753
diethylene glycol������������������������ 466, 1221
diethylstilbestrol, DES���������������������� 1639
Differentiation����������������������������������� 2075
digital pathology���������������������������������� 515
Dihydroartemisinin�������������������������� 2423
Diindolylmethane�������������������������������� 695
diisocyanates�������������������������������������� 1607
DIKI���������������������������������������������������� 1206
DILI�����������������������������������462, 1140, 2635
DILI mechanism���������������������������������� 346
DILI Ontology������������������������������������� 347
DILI prediction system (DILIps)���� 2634
DILIsym�������������������������������������� 141, 2630
Dioxin�������124, 133, 172, 176, 177, 1725,
1897, 1909, 1958, 2153, 2154
Dioxin-like Compounds������������������� 1726
Dioxine����������������������������������������������� 1474
dioxins�������������������������������104, 2506, 2517
dioxins and furans����������������������������� 2507
Dioxins, cormorant, TCDD relative
potencies (REPs)����������������������������� 1087
diphenyl ditelluride��������������������������� 2477
Discovery Toxicology������������������ 33, 1154
discriminatory power������������������������� 156
disease��������������������������������������������������� 397
disinfectant������������������������������������������� 265
disinfection byproducts�������������������� 2090
Dispersant������������������������������������������� 1091
dispersants������������������������309, 2015, 2690
disposition����������������������1877, 1887, 1895
Disposition/Pharmacokinetics�������� 1471
Disrupted-in-Schizophrenia 1��������� 2558
dissolution������������������������������������������ 1360
dissolved hydrogen������������������������������ 955
distribution���������������������1268, 2637, 2641
dithiocarbamate��������������������������������� 1631
dithiocarbamates���������������������2536, 2539
diurnal������������������������������������������������� 2481
diuron�������������������������������������������������� 2667
Divalent Metal Transporter 1������������� 365
Division�����������������������������419, 1169, 1656
DLD1 cells������������������������������������������ 1972
DMBA, Cyp450, bone marrow,
lymphocytes, myeloid�������������������� 1576
DNA adduct��������������������������������������� 2446
DNA adducts�������� 643, 1054, 1551, 1692,
1827, 2451, 2649, 2688
DNA and histone methylation��������������77
DNA binding���������������������������������������� 178
DNA Biomarkers������������������������������� 2663

DNA Damage�������������������������������� 20, 620,
624, 627, 628, 636, 638, 639, 933, 1805,
2082, 2223, 2362
DNA Damage Repair�����������������������������19
DNA damage response��������������� 22, 1974
DNA Damage Responses���������������� 19, 24
DNA double-strand breaks���������������� 632
DNA ligase I����������������������������������������� 631
DNA Metabolizing Genes���������������� 1609
DNA methylation�������32, 641, 739, 1249,
1250, 1257, 1449, 2557, 2700
DNA Microarray������������������������������� 1930
DNA recombination������������������������� 1095
DNA repair������������������305, 625, 626, 635,
637, 644, 932, 933, 2494
DNA strand breaks���������������������������� 1481
DNA-protein crosslinking������������������ 508
DNEL���������������������������������������������������� 138
DNMT3B�������������������������������������������� 1977
DNT���������������������������������������������������� 2550
dog�������������������������������������492, 1596, 1597
Dog arthritis��������������������������������������� 2024
DOHaD����������������������������������������������� 1928
Domestic fowls���������������������������������� 2123
dopamine������941, 986, 1027, 2515, 2544,
2673
Dopaminergic neurotoxicity������������ 1002
dopaminergic toxicity����������������������� 2543
dose equivalency���������������������������������� 134
Dose rate����������������������������������������������� 331
Dose-Response���������������������12, 299, 633,
2166, 2338, 2649
Dose-Response Mutagenicity���������� 2685
Dosimetry�����������������������1274, 1417, 1841
Dosimetry Model�������������������������������� 438
double-strand breaks������������������ 21, 1285
Doxil���������������������������������������������������� 2269
Doxorubicin�����������������������������1507, 2306
Doxycycline���������������������������������������� 2037
DPRA������������������������������������������ 755, 1853
Draize Alternative����������������������������� 1307
drinking water�������������������110, 220, 1439,
1862, 2230, 2492
Drinking Water Guidance���������������� 1863
DRIP80����������������������������������������������� 2490
dronedarone��������������������������������������� 1562
Drosophila model������������������������������ 1465
drug allergy������������������������������������������ 749
Drug Cardiotoxicity���������������������������� 615
drug delivery����������������������676, 818, 2129
Drug Development�������11, 806, 810, 811,
881, 882, 883, 884, 885, 886
Drug discovery���������������������������������������33
Drug Discovery and Development������31
Drug Formulations���������������������������� 1355
drug hypersensitivity������������������������ 2315
Drug-induced liver injuries (DILI)� 1642
Drug-induced liver injury������������������ 489
Drug-induced liver injury (DILI)���� 346,
347, 1558, 2629
Drug-Induced Muscle Toxicity�������� 2602
Drug Metabolism����������1524, 1550, 1614
Drug Resistance��������������������������������� 2142
Drug safety������������������������������������������� 126
Drug Screening������������������������������������ 491
Drug Toxicity/Screening������������������ 1584
Drug transporter������������������������������� 2157
drug transporters����������������������� 363, 1143
Drug-drug Interaction������������������������ 511
Drug-induced hepatotoxicity��� 522, 1237
Drug-induced kidney injury������������ 1207
Drug-induced liver injury��������� 360, 483,
487, 495, 918, 1782, 1783, 1784, 1785,
1786, 1787
Drug-induced liver injury (DILI)��� 2634
Drug-induced Muscle Injury����������� 2601
drug-induced toxicity�������������1151, 2600
Drug-induced vascular
injury���������������������������������������� 421, 1517
drug-specific lymphocyte������������������� 749
Drugs������������������������������������������� 152, 1472
dry powder inhalation������������������������ 463

DSB�������������������������������������������������������� 778
DSHEA������������������������������������������������� 272
DTH���������������������������������������������������� 1599
dual mode of action���������������������������� 101
Dual-targeting���������������1744, 1745, 1746,
1747, 1748, 1749, 1750
Ductal Carcinoma in situ����������������� 1997
dust���������������������������������������������� 894, 1413
Dust Analysis��������������������������������������� 717
Dyslipidemia�������������������������������������� 1444
E.coli���������������������������������������������������� 1082
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early embryonic exposure���������������� 1389
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Early Life Exposures���������������������������� 112
Early Predictive Biomarkers������������� 2682
Early predictive indicators����������������� 535
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ECG and QT prolongation����������������� 268
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Echinacea purpurea�������������������������� 1575
Echocardiography����������������������������� 1685
ECOSAR��������������������������������������������� 1083
ecotoxicity, alternative methods������ 1085
ecotoxicology������������������������������� 302, 849
EDCs����������������������������������������������������� 844
Edema��������������������������������������������������� 690
EDSP�����������������������������������������1299, 2205
Education������������ 1120, 1123, 1124, 1125,
1128, 1130, 1134
Education and Career
Development����������������������������������� 1121
Education and Outreach������������������� 1126
Educational�������������������������������1121, 2184
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EFT-400������������������������������������������������ 618
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EGFR inhibitors��������������������������������� 2047
eIf2alpha��������������������������������������������� 2053
electrocardiogram����������������������������� 1780
electrocardiogram (ECG) analysis���� 410
electrocautery smoke������������������������ 2120
electroencephalography eeg������������� 2283
Electron Capture Detection������������� 1492
Electron Microscopy������������������������������50
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ELISA method������������������������������������� 593
Embedded metal fragments������������� 2497
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embryonic stem cell
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embryonic stem cell test��������1661, 1662,
1663, 2064
embryonic stem cells����1246, 1397, 1702,
2071, 2073
embryonic zebrafish���������������������������� 322
embryotoxicity���������������1661, 1663, 1901
Emergency Response������200, 1132, 1354
emerging mycotoxins������������������������ 1099
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Nitrite�������������������������������������������������� 1186
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NMR���������������������������������������������������� 2698
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Nrf2-Keap1���������������������2140, 2174, 2626
Nrf2, INrf2, Apoptosis���������������������� 2142
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ocular injury��������������������������������������� 1339
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OECD Reference Nanomaterials����� 1845
OECD TG 429������������������������������������ 1857
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Oncogenic microRNAs��������������������������75
Oncorhynchus mykiss���������������������� 1405
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oral bioavailability������������������������� 84, 671
Oral Reference Dose������������������������� 1863
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organochlorine pesticide������������������ 2522
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ortho-phthaladehyde�������������������������� 265
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outdoor air������������������������������������������ 2110
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ovarian toxicology����������������������������� 2371
Ovariectomy��������������������������������������� 2402
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Oxygenated Polycyclic
Hydrocarbons���������������������������������� 1922
oxygenated species of lipids������������� 1624
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